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ACRONYMS, ABREVIATIONS AND DEFINITIONS
APN: Assessor’s Parcel Number.
BEST MANAGEMENT PRACTICE (BMP): A program, technology, process, citing criteria,
operational method, or engineered system which when implemented prevents, controls,
removes, or reduces pollution.
BIORETENTION BMPs: Post‐construction storm water treatment BMPs that treat storm water
vertically through an engineered soil filter media and vegetation and/or retain storm water
runoff onsite through infiltration or evapotranspiration.
C FACTOR: Representation of a surface’s ability to produce runoff. Surfaces that produce
higher quantities of runoff are represented by higher C‐Factors (such as impervious surfaces.)
CC&Rs : Conditions, Covenants and Restrictions.
COPERMITTEES: Local Government Agencies (City of Santa Rosa, County of Sonoma, and
Sonoma County Water Agency) regulated under a common NPDES MS4 Storm Water Permit
issued by the North Coast Regional Water Quality Control Board.
DISCRETIONARY PROJECT: A project which requires the exercise of judgment or deliberation
when a public agency or body decides to approve or disapprove a particular activity.
HILLSIDE: Property either located in an area having known erosive soil conditions, where the
development will result in grading on any slope that is 20% or greater or an area designated by
the municipality under a General Plan or ordinance as a “hillside area”.
HYDRO‐GEOMORPHIC: An interdisciplinary science that focuses on the interaction and linkage
of hydrologic processes with landforms or earth materials and the interaction of geomorphic
processes with surface and subsurface water in temporal and spatial dimensions.
HYDROMODIFICATION: Altering the drainage patterns (away from their natural state) of a site
and the flows, beds or banks of rivers, streams, or creeks, including ephemeral washes, which
results in hydro‐geomorphic or habitat changes.
IMPERVIOUS SURFACE: An area that has been modified such that storm water percolation into
underlying soils is reduced. Examples of surfaces include concrete, asphalt, and roof tops.
INTEGRATED PEST MANAGEMENT: Integrated pest management (IPM) is an ecosystem‐based
strategy that focuses on long‐term prevention of pests or their damage through a combination
of techniques such as biological control, habitat manipulation, modification of cultural
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practices, and use of resistant varieties. Pesticides are used only after monitoring indicates they
are needed according to established guidelines, and treatments are made with the goal of
removing only the target organism. Pest control materials are selected and applied in a manner
that minimizes risks to human health, beneficial and non‐target organisms, and the
environment.
LOW IMPACT DEVELOPMENT (LID): As it relates to storm water, LID features aim to mimic the
hydrologic function of the undeveloped site by capturing, treating, and infiltrating storm water
as close to the source as possible by using small scale landscape‐based features located
throughout the project site.
MAXIMUM EXTENT PRACTICABLE (MEP): The technology based standard established by
Congress in the Clean Water Act U.S.C S1342 (p) (3) (B) (iii) that municipal dischargers of storm
water must meet. To achieve the maximum extent practicable standard, municipalities must
employ whatever Best Management Practices (BMPs) are technically feasible (i.e., are likely to
be effective) and are not cost prohibitive. The major emphasis is on technical feasibility.
Reducing pollutants to the maximum extent practicable means choosing effective BMPs and
rejecting applicable BMPs only where other effective BMPs would not be technically feasible, or
the cost would be prohibitive.
MINISTERIAL PROJECT: A project where the agency or body merely has to determine whether
there has been conformity with applicable statues, ordinances, or regulations.
MS4 PERMIT: Municipal Separate Storm Sewer Systems Permit.
NPDES: National Pollutant Discharge Elimination System.
POLLUTION PREVENTION: Design approaches and/or site construction/maintenance practices
that minimize or prevent pollution from entering storm water runoff and impacting storm
water quality.
PRE DEVELOPED CONDITION: Describes the project site prior to the proposed development.
RECONSTRUCTION: The removal and replacement of paving material down to subgrade.
REDEVELOPMENT: Land‐disturbing activity that results in the creation, addition, or
reconstruction of impervious surface area on an already developed site. Redevelopment
includes, but is not limited to: the expansion of a building footprint; addition or replacement of
a structure; reconstruction of impervious surface that is not a part of a routine maintenance
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activity. It does not include routine maintenance to maintain original line and grade, hydraulic
capacity, or original purpose of facility, nor does it include emergency construction activities
required to immediately protect public health and safety.
RWQCB: Regional Water Quality Control Board. This design manual is covered under the North
Coast Regional Area (Region 1).
STORM WATER: Runoff generated by rainfall.
STORM WATER POLLUTION PREVENTION PLAN (SWPPP): A plan to identify and implement
site specific, construction related BMPs to reduce or eliminate pollutants (particular pH and
turbidity) in storm water discharge from construction sites. The Statewide Construction Activity
NPDES General Permit requires the preparation of a SWPPP for projects that disturb one acre
or more of soil. SWPPP’s are submitted to the State Water Resources Control Board (SWRCB)
and are not covered in this manual.
STRUCTURAL BMP: Any structural mechanism or apparatus designed and constructed to
mitigate the adverse impacts of storm water runoff pollution (e.g. canopy, structural
enclosure). The category many include both treatment control BMPs and source control BMPs.
SUSMP: Standard Urban Storm Water Mitigation Plan. The deliverable report that satisfies the
project specific MS4 permit requirements as described in this Manual.
SWRCB: State Water Resources Control Board.
TREATMENT BMPs: An engineered system that is designed to remove pollutants from storm
water using physical, chemical, or biological processes before the storm water is discharged to
the storm drain system. Examples of treatment controls include; vegetated swales, extended
detention basins, vegetated buffer strips, Bioretention areas, and media filters.
TREATMENT TRAIN: Using a variety of BMPs in series, both practices and constructed features
in order to achieve storm water quality.
TRIBUTARY AREA: The physical area that drains to a specific BMP or drainage feature.
U.S. EPA: United States Environmental Protection Agency.
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VOLUME CAPTURE: The capture of the increase in volume of runoff generated by the 85th
percentile 24‐hour rain event due to development. See Chapter 6 for formulas and further
description.
WETLANDS: Areas that are inundated or saturated by surface or groundwater at a frequency
and duration sufficient to support, and that under normal circumstances do support, a
prevalence of vegetation typically adapted for life in saturated soil conditions. Wetlands
generally include swamps, marshes, and bogs. For official determination whether or not an
area is classified as a wetland pursuant to Section 404 of the federal Clean Water Act, contact
the United States Army Corps of Engineers.
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CHAPTER 1
INTRODUCTION
Creeks and riparian habitat areas are a beautiful
aspect of our community and home to a wide range
of aquatic and terrestrial species such as; trout,
otters, ducks, hummingbirds, egrets, and frogs. Our
local creeks drain to the river and ocean and their
water quality is important not only to our
generation but to all those to come.
Development of land typically increases impervious
surface and decreases infiltration. Storm water, or
runoff generated from rain, that is not absorbed
into the ground accumulates debris, chemicals and
other polluting substances harmful to water quality. Polluted storm water entering creeks is a
significant concern to public health as well as a threat to plant and animal life that inhabit the
waterways. Additionally, land development typically increases the flow rate and decreases the
duration of runoff from land causing hydromodification in creeks, which contributes to erosion,
flooding, loss of habitat, and decreased aquatic biological diversity.
The intent of this manual is to provide design guidance to mitigate negative water quality
impacts due to development.
BACKGROUND
Local storm water regulations originate from federal regulations that began with the Clean
Water Act in 1987 when the Clean Water Act was amended by the Water Quality Act to
formally include storm water runoff. Congress subsequently authorized the National Pollution
Discharge Elimination System (NPDES) program, which is
administered by the U.S. Environmental Protection Agency
(EPA), to issue storm water permits to municipalities
regulating storm water discharges. This authority was then
delegated from the EPA to the California State and local
Regional Water Quality Control Boards.
The North Coast Regional Water Quality Control Board
(NCRWQCB) is responsible for issuing NPDES permits in the
Santa Rosa area. NPDES Municipal Separate Storm Sewer
System (MS4) Permits require governing agencies to

12

City of Santa Rosa and County of Sonoma

INTRODUCTION
implement a myriad of programs to prevent pollution, improve and protect storm water
quality, reduce storm water runoff, and enhance the ecologic vitality of local creeks and
waterways. The Permit also requires that the governing agencies regulate new development
and retrofit projects within their jurisdiction.
The CoPermittees (City of Santa Rosa, County of Sonoma and Sonoma County Water Agency)
received their first NPDES storm water permit in 1997 which has been renewed approximately
every five years. The most recent permit update took effect January 1, 2010, and required that
the previous Standard Urban Storm Water Mitigation Plan (SUSMP) design guidelines be
revised and expanded to include Low Impact Development (LID) design strategies and specific
Best Management Practices (BMPs) selection criteria.
The CoPermittees are responsible for applying these policies to
new development, retrofit projects, and applicable
infrastructure improvement projects within their jurisdiction.
PURPOSE OF THIS MANUAL
The Storm Water Low Impact Development Technical Design
Manual (Manual) provides technical guidance for project
designs that require the implementation of permanent storm
water Best Management Practices (BMPs). This Manual
supersedes the 2005 SUSMP Guidelines.
HOW THIS MANUAL RELATES TO OTHER REQUIREMENTS
This Manual is intended to satisfy the specific requirements of
the Santa Rosa Area MS4 permit, as discussed above. Additional
design requirements imposed by governing agencies, such as
local grading ordinances, CAL Green, CEQA, 401 permitting, and
hydraulic design for flood control still apply as appropriate. Governing agencies may, at their
discretion, determine that designing in accordance with this Manual satisfies another
requirement. Additionally, coverage under another regulation may trigger the requirement to
design in accordance with this Manual. Please check with the local governing agency for specific
requirements.
WHAT IS STORM WATER LOW IMPACT DEVELOPMENT (LID)?
Low Impact Development (LID), as it relates to storm water, aims to mimic the hydraulic
function of the undeveloped site by capturing, treating, and infiltrating storm water as close to
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the source as possible and using small scale landscape‐based features located throughout the
project site.
LID is formally defined as:
“A development site design strategy with a goal of maintaining or reproducing the pre‐
development hydrologic system through the use of design techniques to create a functionally
equivalent hydrologic setting. Hydrologic functions of storage, infiltration, and groundwater
recharge, as well as the volume and frequency of discharges are maintained through the use of
integrated and distributed small‐scale storm water retention and detention areas, reduction of
impervious surfaces, and the lengthening of flow paths, and runoff time.”
(As defined in Attachment C of Order R1‐2009‐0050, NPDES Permit No. CA0025054)
The intention of this Manual is to promote the following LID goals:
•

•

•

Minimize the adverse impacts from storm
water runoff on water quality, the
biological integrity of receiving waters, and
the beneficial uses of water bodies.
Minimize the percentage of impervious
surfaces on land development projects and
implement mitigation measures to mimic
the pre‐development water balance
through infiltration, evapotranspiration,
and capture and reuse of storm water.
Minimize pollutant loadings from
impervious surfaces such as roof tops,
parking lots, and roadways through the
use of properly designed, technically
appropriate BMPs, including source
control BMPs or good housekeeping
practices, LID planning and design
strategies, and treatment control BMPs.
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•

Proper selection, design and maintenance of treatment control BMPs, and
hydromodification control BMPs to address pollutants generated by land development,
minimizing post‐development surface flows and velocities, assuring long‐term
functionality of BMPs, and avoiding the breeding of vectors.

REVISION AND AMENDMENT
It is recognized that LID is an emerging field, and that while every effort has been made to
ensure that this Manual is complete and accurate, revisions and/or amendments may be
necessary. Proposed revisions and/or amendments will be evaluated on a case by case basis
and will require review and approval by the NCRWQCB.
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CHAPTER 2
PROJECTS THAT TRIGGER REQUIREMENTS
EFFECTIVE DATE
These requirements apply to all new projects and redevelopment projects that have not completed
the discretionary review process, and projects requiring ministerial permits as of June 1, 2010.
GEOGRAPHIC AREAS
The requirements set forth in this Storm Water Low Impact Development Technical Design Manual
apply to projects within the area covered by the storm water permit boundary as shown in Figure 1.

The cities of Healdsburg, Windsor, Cotati, Sebastopol, Cloverdale, Ukiah and Rohnert Park are
regulated under their own “Phase II” NPDES MS4 permit with the NCRWQCB and may have a
different set of requirements. Areas south of the Russian River/Laguna De Santa Rosa watershed
boundary, including portions of Petaluma, Sonoma, and the southern portion of the County of
Sonoma, are within San Francisco Bay Regional Water Quality Control Board jurisdiction and have
different design requirements.
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PROJECT TRIGGERS AND EXEMPTIONS
Applicants should use the “Determination Worksheet” in Appendix A to determine if their
project is required to incorporate BMPs in accordance with this manual. The following table
(Figure 2) is provided as a summary of the types and size of projects that are required to
implement permanent water quality treatment and volume capture BMP features and submit a
SUSMP report. Note that projects identified as exempt below may require BMPs as a condition
of other environmental permit processes.
Figure 2:
Projects that Trigger
All development that creates or replaces a
combined total of 1 acre or more of impervious
surface.
Street, road, highway, or freeway construction or
reconstruction, creating or replacing 10,000
square feet or more of impervious surface.

Notes
Reroofing of an existing building is considered a
maintenance activity and is exempt.
Overlays, resurfacing, trenching, and patching is
considered a maintenance activity and is exempt.
“Reconstruction” is defined as work that replaces
road surface down to subgrade.

All development that includes four or more
dwelling units.
Industrial parks, commercial strip malls, retail
gasoline outlets, restaurants, or automotive
service facilities creating or replacing 10,000
square feet or more of impervious surface.

Parking lots with 25 or more spaces or 10,000 sf
of new or replaced impervious surface.
Exempt Projects
Routine maintenance activities that are
conducted to maintain original line and grade,
hydraulic capacity, and original purpose of facility.
Emergency redevelopment activities required to
protect public health and safety.

Projects undertaken solely to install or reinstall
public utilities and do not include any additional
street or road development or redevelopment
activities.
Reconstruction projects, undertaken by a public
agency, of streets or roads remaining within the
original footprint and less than 48 feet wide.

Notes
This exemption includes activities such as overlays
and/or resurfacing of existing roads or parking lots
as well as trenching and patching activities.
Where the Regional Water Quality Control Board
agrees that the activities are needed to protect
public health and safety to qualify for this
exemption.
This exemption applies to public utilities, such as
sewer or water, only.

This exemption applies to public agency work only.
“Reconstruction” is defined as work that replaces
surface down to subgrade. Street width is
measured from face‐of‐curb to face‐of‐curb.

Stand alone pedestrian pathways, trail, and off‐
street bicycle lanes.
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CHAPTER 3
SUBMITTAL PROCESS
Now that you have determined your project is required to incorporate BMPs in accordance with
this manual, the following chapters will guide you through the submittal process. Each step in
the process is briefly described below and is discussed in further detail in the following
chapters.
SUBMITTAL PROCESS MAP‐ Figure 3

Step 1‐
Assess Site
Chapter 4

Step 4‐Submit Final
SUSMP ~With
improvement plans or
other discretionary final
submittal or ministerial
permit Chapter 7

Receive final
approval of
design

Step 3‐
Submit Preliminary
SUSMP ~ With
tentative map or
other discretionary
process preliminary
submittal with
application if needed
Chapter 6

Step 2‐
BMP Selection
Chapter 5

Receive
comments
and revise
design as
needed

Receive
comments &
revise design
as needed

Step 5
Maintenance
Agreement Signed

Step 6‐ Complete Final
Inspection & Certification
~ To be conducted by
engineer of record.
Required prior to issuance
of occupancy permit

Continued
Maintenance
& Funding

STEP 1: SITE ASSESSMENT
Detailed information regarding site assessment may be found in Chapter 4.
A SUSMP aims to address the impact of development on storm water quality and runoff
volume. The basic principle of Low Impact Development (LID) is to decentralize storm water
treatment and to integrate it into the overall site design. This is best achieved by considering
storm water management; both water quality and runoff volume, early in the development
process to take advantage of the site’s natural characteristics. Considering measures early in
the conceptual phase of development allows designers to assess site limitations so that they do
not dramatically affect the design later in the process.
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SUBMITTTAL PR
ROCESS
STEP 2: BMP
B
SELECTTION
Detailed information
n regarding BMP
B
selectio
on may be fo
ound in Chap
pter 5 and Appendix
A
B.
BMP seleection is one
e of the mostt important aspects of storm water quality design.
Prioritizaation needs to
t be given to
t small scale, landscapeed based inffiltration LID BMPs that
treat, and infiltrate storm
s
water as close to the
t source as
a possible. Particular atttention should
be given to opportun
nities for imp
plementatio
on of pollutio
on preventio
on BMP’s, ass these meassures
can reduce the size of
o the requirred feature. The “BMP Selection
S
Table” should be used for all
projects, to show the
e considerattion of site co
onstraints and to ensuree the prioritization of LID
D
BMPs.
STEP 3: PRELIMINAR
P
RY SUSMP SU
UBMITTAL
Detailed information
n regarding preliminary
p
S
SUSMP
subm
mittal may be
b found in Chapter
C
6 an
nd
Appendixx D.
The preliminary
p
S
SUSMP
shall be submitted for review
w and appro
oval
with the Entitlem
ment Applicaation for Ten
ntative Map, Design Review,
Build
ding Permit Submittal,
S
Use Permit, or
o equivalentt level of dessign.
The Preliminary
P
S
SUSMP
shall include a co
ompleted Deetermination
Workksheet; site layout; seleccted BMPs; their
t
location shown on
draw
wings; prelim
minary sizing calculationss; tributary areas
a
to each
h
BMP; a narrativee description
n of how the chosen BMPs are designed
to wo
ork; a prelim
minary description of maaintenance requirements;
and proposed
p
funding sourcee. The preliminary SUSM
MP will need
d to
be appro
oved by the appropriate
a
governing agency
a
prior to approval of the Tentative Map,
Design Review, Use Permit,
P
or eq
quivalent.
STEP 4: FINAL
F
SUSMP SUBMITTA
AL
Detailed information
n regarding Final
F
SUSMP
P Submittal may
m be found in Chapterr 7 and Appeendix
H. The Final SUSMP is submitted
d with the Im
mprovementt Plans, Grad
ding Permit, Building Perrmit,
or equivaalent level of design. Thiis includes greater detail and level of
o precision than
t
the
Preliminaary SUSMP. All elementts of the seleected BMPs shall be shown on their respective
drawing sheet (i.e. sw
wales shown
n on gradingg sheets and bypass inletts shown on utility sheetts).
Additionaally, a Final Inspection
I
and Maintenance Plan is required wh
hich includes long term
inspectio
on and mainttenance requirements, identificatio
i
n of the resp
ponsible parrties, and a
funding source.
s
The Final SUSMP
P will need to be approvved by the ap
ppropriate governing
g
aggency
prior to approval
a
of the
t Improveement Plans,, Grading Permit, Buildin
ng Permit, orr equivalent.
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CHAPTER 4
SITE ASSESSMENT
Simple site layout considerations can dramatically affect the amount of storm water that will
need to be treated and infiltrated. Keep clean water clean! Storm water from undisturbed areas
should be collected before it runs across parking lots or other impervious areas. Flow from
impervious areas should be directed into landscapes or natural areas, to allow for infiltration.
Impervious areas should be disconnected by breaking them up with landscaping. Hard piped
systems should be used only when necessary. Pollutant generating activities should be located
indoors or under a rooftop to minimize exposure to storm water. Minimize the use of
pesticides, herbicides, fertilizers, and avoid over irrigation in landscape areas so that they don’t
contribute to runoff to the storm drain system. Implement practices during construction that
minimize compaction, vegetation removal, and the need for lime treatment.
SOIL CLASSIFICATION
Sonoma County is largely made up of clay type soils. In order to achieve infiltration (a
fundamental aspect of LID) in these soils, BMPs need to be carefully designed. They must allow
infiltration to occur to the maximum extent that the native soil will accept, allowing for a high
flow bypass. It is important to have an understanding of soil types on the project site in order to
select and design the most appropriate BMP. The soils on site shall be classified into their
hydrologic soil groups (A, B, C, or D) by a licensed Geotechnical, Soils, or Civil Engineer by either
of the following tests:
1. ASTM D 422 particle size analysis of soils, including hydrometer, using the following soil
texture triangle.
Figure 4
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2. ASTM D 3385 infiltration rate of soils in field using double‐ring infiltrometer test.
Areas of higher infiltration rates and low infiltration rates should be considered when locating
buildings and open space. Using the soil survey completed by the Natural Resource
Conservation Service (NRCS) of the U.S. Department of Agriculture, infiltration rates or particle
size analysis, soils can be classified into Hydrologic Soil Groups, see Reference Document D.
DEPTH TO GROUNDWATER
The depth to groundwater shall be evaluated prior to selection of BMPs. If groundwater exists
less than 2’ from the bottom of the selected BMP, a portion of the calculated capacity will be
used up by the groundwater. A high water table may limit the use of infiltration based
measures.
CONTAMINATION
In areas with known groundwater pollution,
infiltration may need to be avoided, as it
could contribute to the movement or
dispersion of groundwater contamination.
The California State Water Resources Control
Board (SWRCB) maintains a database of
registered contaminated sites through their
Geotracker ® Program. Registered
contaminated sites can be identified in the
project vicinity when the site address is typed
into search. Mobilization of groundwater contaminants may also be of concern where
contamination from natural sources is prevalent (e.g., marine sediments, selenium rich
groundwater). Infiltration on sites with contaminated soils and/or groundwater that could be
mobilized or exacerbated by infiltration will require additional review by RWQCB. Additionally,
all project sites with contamination on site or within a fifty foot radius of a proposed BMP will
require review and approval by the RWQCB.
SLOPE CONSTRAINTS
The effects of infiltrated storm water on soil properties and slope stability will need to be
considered for a number of factors, including: ground subsidence, liquefaction, landslide
potential, and distance to load bearing structures such as building foundations, and retaining
walls.
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These potential issues must be thoroughly reviewed by a licensed Geotechnical, Soils, or Civil
Engineer and their recommendations incorporated into the site design.
NATURAL AREAS
Identify existing natural areas on the site and consider ways in which they can be preserved and
integrated into the site design. Avoiding sensitive areas reduces the need for other permits and
also reduces the amount of storm water that needs to be treated.
CONTROL OF OFFSITE DRAINAGE
Offsite storm water drainage entering your site needs to be incorporated into project design. If
interception and redirection of offsite run off can be achieved, that may be a design option. If
offsite drainage will contribute to the storm water on site then it must be considered in the
sizing and location of the selected BMPs.
TREATMENT AND VOLUME CAPTURE
The water quality design storm used for all SUSMP calculations is the 85th percentile 24‐hour
storm event. The treatment component requires that all of the runoff generated by the water
quality design storm from impermeable surfaces must be treated on site. The volume capture
component requires that any increase in volume due to development for the water quality
design storm must be infiltrated and/or reused on site. Projects that cannot achieve the required
level of treatment and/or volume capture must utilize the offset program and be referred to the
Regional Board for review and approval. Further discussion of the treatment and
volume capture requirements and the accompanying formulas can be found in Chapter 6. The
treatment and volume capture requirements apply to the project site as a whole, as opposed to
particular tributary areas individually. Storm water may be routed to the portion of the site
most suited for infiltration and volume capture from other less suitable areas. This may be
particularly useful on sites that are partially prohibited from infiltrating (i.e. contamination or
slope stability issues) or have areas more suited to infiltration.
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BMP SELECTION
PRIORITIZATION OF LID
Prioritization needs to be given to small scale landscaped based infiltration BMPs that treat
storm water as close to the source as possible. These LID type BMPs are given the highest
priority in the selection process.
A “BMP Selection Table” can be found in Appendix B. This table shall be used for all projects in
order to select the highest priority BMPs possible. BMPs rated with the highest priority should
be used and an explanation of inappropriateness or infeasibility will be required before a lower
priority BMP may be selected. When selecting BMPs for a site, it is important to consider a number
of factors. These feasibility factors include the elements identified in the site assessment,
including: groundwater contamination, high bedrock or hardpan, and slope stability, among others.
SOIL
Many of the BMPs in this Manual use structural soil as a key component of their function.
Structural soil is a specific soil mix that is primarily made up of angular rock, a small amount of
organics, and a tackifier. Structural soil was originally developed for urban tree planting and is
used in BMPs because it can be compacted to 95% to support traffic loading while still providing
over 23 inches per hour of infiltration. For more information on structural soil see the
“Reference Documents” section of this Manual. Some BMPs may not require the use of
structural soil and a more organic type planting soil and/or treatment media may be used in its
place. It may be possible in some cases to use native soil or to amend the native soil so that it is
suitable. Use of non‐structural soil will depend on evaluation of the criteria in “Chapter 4‐ Site
Assessment” as well as consideration of structural needs and may require evaluation by a
licensed Geotechnical Engineer.
LANDSCAPING REQUIREMENTS
Vegetation is an important element of the
storm water BMPs in this manual. Plants
provide a physical structure that increases
storm water infiltration into the soil and
promotes a soil community of
microorganisms that remove pollutants.
Therefore, it is critical that the vegetation is
healthy and maintained throughout the life of the BMPs. The environments within these BMPs,
in particular long periods of inundation, can be stressful on many plant species.
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BMP SELECTION
The BMP Approved Plant List, Appendix F, consists of California native
plants and other cultivars that have been proven to thrive in the types of
environments found in BMPs listed in this Manual. These features are
considered part of the landscaping and must at a minimum comply with
the landscaping standards, building codes, and ordinances of the local
governing agencies.
PLANT SURVIVAL WARRANTY REQUIREMENTS
Since plants are an important factor in the function of these BMPs, the applicant must
guarantee a minimum two year post‐installation warranty period on all plant material (see
figure 5 below for warranty requirements). The warranty must provide for the replacement
cost of the plant material and installation for all plants that do not survive or are in a state of
decline at the end of the warranty period. Landscape designers are strongly encouraged to use
plants from Appendix F.
Figure 5
PROPRIETARY UNITS

Plants selected for use in
BMPs

Warranty Period

Proprietary units, or vendor units, fall lower on
the BMP prioritization because they generally
Plants selected from
Two years
do not meet both the treatment and volume
approved Plant List in
capture requirements. These types of units can Appendix F.
be very effective if used as part of a treatment
Plants not selected from
Five years
train (in series with other BMPs), where
approved Plant List in
specific pollutants are present (such as gas
Appendix F.
stations), or in infill situations where volume
capture isn’t required. If proprietary units are
proposed, additional review may be required. A maintenance plan and inspection checklist
meeting the manufacturer’s recommendations will need to be submitted for review with the
SUSMP.
HIGH POLLUTANT LOADING LAND USES
Some land uses, such as gas stations, may produce especially high pollutant loads. In cases such
as these, pretreatment may be necessary to remove site specific pollutants, such as
hydrocarbons, before storm water is directed to typical BMPs. This “treatment train” approach
ensures that BMPs continue to function properly.
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PREVIOUSLY DEVELOPED SITES‐ A SPECIAL CASE
Project sites that have impervious cover, such
as existing pavement or buildings, in the pre‐
developed condition are different than
projects that start with a fully undeveloped
site. Since the volume capture requirement
applies to any increase in storm water volume
generated by the site, the greater the
difference between the undeveloped
condition and the developed condition, the
greater the volume capture requirement.
Conversely, a site that is 100% impervious prior to development would not require any volume
capture. However, the requirement for treatment would still apply.
MINIMIZING THE SIZE OF BMPS – POLLUTION PREVENTION MEASURES
There are a number of ways to reduce the amount of treatment and/or volume capture
required. One of the simplest ways is to minimize the amount of impervious area on the project
site. Another way is to keep clean water clean. This means that if off site drainage is directed
onto the site, if it is collected and bypassed through the site instead of allowing it to contribute
to the water to be treated, it may be excluded from the tributary area. If natural or landscaped
areas drain to paved or impervious areas, collect the runoff while it is clean (while it is in the
landscaped area) before it crosses impervious areas and picks up pollutants.
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BMP SELECTION
Pollution prevention measures can be implemented on site to reduce the amount of area used
to size treatment and volume capture BMPs. Pollution prevention measures, like disconnecting
downspout, and planting interceptor trees, reduce the amount of storm water that needs to be
managed by BMPs like Bioretention, by intercepting rain water and/or allowing it to infiltrate.
Using these types of measures can greatly reduce the size of BMPs needed. Credit for
measures used shall be calculated as part of the “Storm Water Calculator” located in Appendix
C. Additional information can be found in the Fact Sheets in Appendix E.
BMP FACT SHEETS
The Fact Sheets provide detailed information
for each BMP including a description,
advantages, limitations; key design features,
sizing design, inspection and maintenance
requirements, and a design detail where
appropriate. Each BMP listed below, and in the
“BMP Selection Table”, has a Fact Sheet in
Appendix E.
BMP SELECTION TABLE
BMP selection should be done for each project by completing a “BMP Selection Table” found in
Appendix B. The selection table lays out the decision matrix as described above for the BMPs
that will be used with the project.
SUMMARY OF BMP PRIORITY GROUPS AND BMP SELECTION TABLE
All projects should consider the use of the “Universal LID Features.” If those features are unable
to be used, then “Priority 1” should be considered. If those BMPs are inappropriate or
infeasible, then “Priority 2” should be considered, and so on.
UNIVERSAL BMPs
BMPs in this priority are generally not dependent on site constraints and should be
considered for use with all projects.
PRIORITY 1‐ BMPs in this priority are installed without perforated pipe and/or
impermeable liners. Infiltration must be provided by the underlying native soils. All
BMPs must be designed to eliminate all surface water within 72 hours to prevent
mosquito breeding. These features meet all the criteria of LID because they are small
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scale, vegetated, and infiltration based, and meet both the volume capture and
treatment requirements.
PRIORITY 2‐ BMPs in this priority are designed with perforated pipe installed high in
the treatment area, as opposed to at the bottom of the feature, to ensure that volume
capture occurs in the area below the perforated pipe. Once the volume below the
perforated pipe is filled, and additional flow will be collected by the perforated pipe.
This filtered storm water will then be conveyed to the storm drain system. These
features meet all the criteria of LID because they are rare small scale, vegetated and
infiltration based, and meet both the volume capture and treatment requirements.
PRIORITY 3‐ BMPs in this priority are intentionally designed not to infiltrate and shall
only be used in cases where infiltration is not possible or allowed. Examples of site
constraints that would preclude infiltration include: ground contamination, high
groundwater, and slope instability. Further discussion of site evaluation and infiltration
can be found in Chapter 4. The other appropriate use for Priority 3 BMPs is
redevelopment of previously developed sites. If the volume of storm water (and/or
impervious area) of a developed site is not greater than that before it was developed,
then the increase in volume would be zero and the volume capture requirement would
not apply, and only treatment would be required. Priority 3 BMPs are typically designed
with a moisture barrier lining and perforated pipe in the bottom of the feature to ensure
drainage. These BMPs filter storm water and then convey it to the storm drain system
and as such, do not meet all of the objectives of LID because they do not provide for
infiltration, and thus do not provide volume capture.
PRIORITY 4 ‐ BMPs in this priority achieve either volume capture or treatment, but not
both, and are typically landscape based. They must be used as part of a treatment train
in sequence with other BMPs in order to achieve both objectives. Examples include:
Tree Filter Units or Modular Wetlands.
PRIORITY 5‐ BMPs in this priority are physical structured units that
do not achieve volume capture and are generally not landscape
based. They must be used as part of a treatment train in sequence
with other BMPs in order to achieve both objectives. These features
may also be appropriate for high pollutant generating land uses that
require pretreatment. Examples include: Chambered Separator Units
and Trash Excluders.
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PRIORITY 6‐ OFFSET PROGRAM
Every effort should be made to address both treatment and volume capture on the
project site. If these objectives cannot be fully met on the project site due to feasibility
constraints, then an offset project may be used to satisfy the remaining requirements.
Priority will be given to offset projects that use LID BMPs.
TYPES OF OFFSET
LID principles are based on mimicking the hydrologic function of the pre‐
developed site in the developed condition. As such, storm water is
treated and infiltrated as close to the source as possible. If it is not possible to
achieve this on the project site, then the offset program may be used. All
projects that utilize the offset program will require review and approval by the
NCRWQCB in addition to the local governing agency.
The offset program may include two options:
OPTION 1‐

OFFSET PROJECTS ‐ PREAPPROVED LIST

An offset project may be selected from the list of preapproved projects
developed by the governing agency, and approved by the NCRWQCB. This
preapproved list may be added to or amended periodically on a case by case
basis with approval from both the governing agency and the NCRWQCB.
OPTION 2 ‐

OFFSET FEE

An offset fee may be paid toward the completion of a larger project from the
preapproved list. The amount of the offset fee will be calculated based on the
treatment and/or volume capture not achieved on the project site, including
maintenance costs, times a multiplier.
This fee will be paid to the governing agency and applied to an approved project
in accordance with the NCRWQCB and the governing agency’s approved policy.
CONTRIBUTING USE/POLLUTANT LOADING
The offset project selected should treat the same type of pollutants that are
generated by the untreated portion of your projects. For example; if the portion
of your site that is not treated is roadway, then the offset projects selected
should treat runoff from a roadway.
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LOCATION OF OFFSET
All offset projects should be within the same city or unincorporated area in
which the project causing the impact is located. Projects located in other areas
may be approved on a case by case basis. Projects that have the potential to
cause a significant impact to a particular creek, as determined by the governing
agency, either because of the size of the project or the sensitivity of the creek,
will need to complete an offset project in the same creek watershed, if feasible.
TIME FRAME
All offset projects will need to be completed within 2 years of the completion of
the qualifying project. If additional time is needed to complete the offset project
an extension may be requested and approved on a case by case basis. To
compensate for long term water quality and hydromodification impacts
downstream of the project, penalties, in the form of additional fees or additional
BMP area, may be imposed on projects requiring time extensions by the
governing agency.
DETENTION
While detention is not a preferred or required water quality element, it may be required
as part of the hydraulic system design. It is included in this list for that purpose only and
is not considered a water quality or volume capture BMP unless it’s designed with these
elements.
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PRELIMINARY SUSMP DESIGN
The Preliminary SUSMP will be submitted with the entitlement application for the tentative
map, design review, use permit, or equivalent level of design. The preliminary SUSMP shall
include a completed Determination Worksheet, Preliminary Submittal Guide, site layout,
selected BMPs, their location shown on drawings, preliminary sizing calculations, tributary
areas to each BMP, a narrative description of how the chosen BMPs are designed to work, a
preliminary description of maintenance requirements and proposed funding source. The
Preliminary SUSMP will need to be approved by the appropriate governing agency prior to
approval of the tentative map, design review, use permit, or equivalent. Development of the
Preliminary SUSMP occurs after the completion of site assessment (Chapter 4).
WHAT THE PRELIMINARY SUSMP MUST INCLUDE:
NARRATIVE PORTION
PROJECT DESCRIPTION
The project description section of the narrative should describe the proposed project
type, location, specific uses and features of note. Environmentally sensitive features
such as creeks, wetlands, or trees should be described and whether they are going to be
avoided, saved or removed noted. The existing
predevelopment site should be described, and any
existing impervious area noted. How these
requirements were triggered (impervious area,
CALGreen, etc.) and the level of treatment and/or
volume capture achieved should be included.
POLLUTION PREVENTION MEASURES
All pollution prevention measures should be
described and any measures that are providing
area reduction credits should be specifically
noted.
DESCRIPTION OF THE TYPES OF BMPS SELECTED
Describe each type of BMP, its priority group, where it is intended to be used, and the
reason for its selection. Identify any specific alterations to the design that that is
proposed.
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DESCRIPTION OF MAINTENANCE PROCEDURES AND PROPOSED FUNDING SOURCE
Outline what maintenance is required for each type of BMP selected and how often it

should be serviced. Describe the proposed funding source that will be utilized to ensure
long‐term maintenance, who will be financially responsible, and who will be responsible
to ensure maintenance is performed.
COMPLETED BMP SELECTION TABLE
Complete the “BMP Selection Table” for each tributary area as appropriate within the
site to demonstrate that the BMP of the highest priority has been selected in each location.
COPY OF COMPLETED DETERMINATION WORKSHEET
Include a copy of the Determination Worksheet confirming that the project requires
submittal of a SUSMP plan.
EXHIBITS
EXHIBIT OR PLAN SHEET
All exhibits should be provided at an appropriate scale so that they are clear and legible and
may be a plan sheet if necessary.
PROPOSED CONDITION EXHIBIT
This exhibit needs to show the developed site layout, tributary areas and associated C
values, new or replaced area, labeled storm drain inlets, interceptor trees, and all
proposed BMPs. All BMPs should be dimensioned and labeled. The sites K value and
the onsite soil type should be noted.
IF THE IMPERVIOUS AREA EXISTED ON THE SITE PRIOR TO DEVELOPMENT
EXISTING CONDITION EXHIBIT
This exhibit is only required if the undeveloped site had impervious area prior to the
proposed development. It is also not required if the design goal of 100% capture is
achieved. This exhibit needs to show the proposed tributary areas over the existing site.
The existing impervious area for each tributary area needs to be shown and labeled in
square feet. This exhibit will be used to determine the pre development Curve Number
and the Delta Volume Capture.
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C VALUE EXHIBIT
This information may be presented as a separate exhibit or can included with the
“Proposed Condition Exhibit” as space allows, and is not required if the design goal of
100% capture is achieved. This exhibit needs to show the different types of land cover
and the associated C values in each tributary area. This information allows a composite
C value calculation to be completed for the treatment requirement.
PRELIMINARY DETAIL FOR EACH TYPE OF BMP SELECTED
Provide a preliminary 8.5”x11” detail for each BMP type or include on submitted
drawings. These can be taken straight from the Fact Sheets if no significant changes are
proposed.
PROJECT DRAWINGS
Show all applicable elements of the selected BMPs on the appropriate plan sheet. For example;
swales on the grading sheet, perforated pipe on the utilities sheet, and so on.
CALCULATIONS ‐ FORMULAS
Completed preliminary calculations for each tributary area, either meeting the “Design Goal” or
both “Design Requirements” as described in the following section. The water quality design
storm used for all SUSMP calculation is the 85th percentile 24‐hour storm event. Methodology,
formulas, and references are described on the following pages. The “Storm Water Calculator”
can be downloaded from the City of Santa Rosa’s website at www.srcity.org/stormwaterLID. All
calculations shall be completed using the “Storm Water Calculator.” Additional supporting
calculations may also be submitted as needed.
DESIGN GOAL
The design goal for the site is to infiltrate and/or reuse 100% of the total calculated volume of
storm water generated by the developed site for the 85th percentile 24‐hour rain event (0.92”
of rain based on local historical data). If the design goal is achieved, both the volume capture
and treatment requirements are satisfied. All volume calculations are completed using the
Curve Number Method, as described on the next page. The proposed site described above will
be used to determine the tributary areas and post development curve number used for these
calculations.
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100% OF THE POST DEVELOPMENT 85TH PERCENTILE 24‐HOUR RAIN EVENT
VOLUME CALCULATIONS‐CURVE NUMBER METHOD
Meets both volume capture and water quality treatment
requirements if achieved.
FORMULA:

S

EQ. 6.1

10

CNPOST

WHERE:
S=Potential maximum retention after runoff¹ (in)
CN= Curve Number for the developed condition² associated with the tributary area (A) used
below.
FORMULA:

Q

P K
P K

EQ. 6.2
.

S
.

S

WHERE:
Q= Runoff depth³ (ft)
P=0.92 in Precipitation for the 85th percentile 24‐hr storm event (based on local historical data)
K=Seasonal Precipitation Factor⁴
S= Potential maximum retention after runoff¹ (in)
FORMULA:

V

EQ. 6.3

Q A

WHERE:
V= Volume of storm water to be retained (ft³)
Q= Runoff depth³ (ft)
A= Tributary Area (ft²) corresponding to the associated Curve Number (CN) used above.

1

As defined by the “Urban Hydrology for Small Watersheds” TR‐55 manual.
²Per Table 2‐2 of the “Urban Hydrology for Small Watersheds” TR‐55 manual.
³Q in feet of depth as defined by the “Urban Hydrology for Small Watersheds” TR‐55 Manual.
⁴From the Sonoma County Water Agency Flood Control Design Criteria.
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DESIGN REQUIREMENTS
If the “Design Goal” proves to be infeasible, then the design must meet both of the design
requirements describe below.
SUMMARY
REQUIREMENT 1‐ 100% TREATMENT: All of the runoff generated by the 85th percentile 24‐
hour storm event off of impermeable surfaces must be treated. The intensity of this event is
0.20 in/hr. The developed condition exhibit described on page 31 will be used to determine the
tributary areas and post development “c” value used for these
calculations.
REQUIREMENT 2‐ DELTA VOLUME CAPTURE: The increase in volume of
storm water generated by the 85th percentile 24‐hour storm event due to
development must be infiltrated and/or reused on site. This requirement
only applies if the total amount of impervious area is increased due to
development. The amount of water required to be captured is the
difference between the pre‐development and post‐development runoff for
the required rain event. The “developed condition exhibit” and the
“existing condition exhibit” described on pages 31 and 32 respectively will be used to
determine the tributary areas and curve number values used for these calculations.
CALCULATIONS
REQUIREMENT 1‐ FLOW CALCULATION FOR WATER QUALITY TREATEMENT‐RATIONAL
METHOD
FORMULA:

EQ. 6.4

Q TREATMENT I A CPOST K
WHERE:
QTREATMENT= Design flow rate required to be treated (cfs)
I= 0.2 (in/hr) Intensity for the 85th percentile 24‐hour storm event⁴
A= Tributary area (acres)
CPOST= Rational method runoff coefficient for the developed condition
K= Seasonal Precipitation Factor
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REQUIREMENT 2‐ DELTA VOLUME CAPTURE CALCULATION‐ CURVE NUMBER METHOD
(Equations 6.5 and 6.6 will need to be calculated for both the pre developed and post developed
condition.)

FORMULA:

S

EQ. 6.5

10

CN

WHERE:
S= Potential maximum retention after runoff⁵ (in)
CN= Curve Number⁶ for the developed condition or pre developed condition as appropriate.
FORMULA:

Q

P K
P K

EQ.6.6
.

S
.

S

WHERE:
Q= Runoff depth⁷ (ft)
P= Precipitation for the 85th percentile 24‐hour storm event = 0.92 in (based on local historical data)

K= Seasonal Precipitation Factor⁸
S= Potential maximum retention after runoff⁵ (in)
FORMULA:

EQ. 6.7

∆Q= Qpost‐Qpre
WHERE:
Qpre=Pre development runoff depth (ft)
Qpost= Post development runoff depth (ft)
FORMULA:

EQ. 6.8

∆
WHERE:
V= Volume of storm water to be retained (ft3)
∆Q= Qpost‐Qpre=Pre development runoff depth (ft) – Post
development runoff depth (ft)
K= Seasonal Precipitation Factor⁸
A= Tributary Area (ft2)
⁵As defined by the “Urban Hydrology for Small Watersheds” TR‐55 manual.
⁶Per Table 2‐2 of the “Urban Hydrology for Small Watersheds” TR‐55 manual.
⁷Q in feet of depth as defined by the “Urban Hydrology for Small Watersheds” TR‐55 Manual.
⁸From the Sonoma County Water Agency Flood Control Design Criteria.
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FINAL SUSMP DESIGN
The Final SUSMP will be submitted with the Improvement Plans, Grading Permit, Building
Permit, or equivalent level of design. The Final SUSMP identifies the site layout that includes
the BMPs selected, their location within the project, final sizing calculations, the tributary areas
they receive, a narrative description of how they work, description of maintenance
requirements and their funding source, as well as a signed maintenance agreement.
Development of the Final SUSMP occurs after the completion of Step 1‐ Site Assessment and
Step 2‐ Preliminary SUSMP Design.
WHAT THE FINAL SUSMP MUST INCLUDE
NARRATIVE PORTION
PROJECT DESCRIPTION
The project description section of the narrative should describe the proposed project
type, location, specific uses and features of note. Environmentally sensitive features
such as creeks, wetlands, or trees should be described and whether they are going to be
avoided, saved or removed noted. The existing predevelopment site should be
described, and any existing impervious area noted. How these requirements were
triggered (impervious area, CALGreen, etc.) and the level of treatment and/or volume
capture achieved should be included.
POLLUTION PREVENTION MEASURES
All pollution prevention measures should be
described and any measures that are providing area
reduction credits should be specifically noted.
DESCRIPTION OF THE TYPES OF BMPS SELECTED
Describe each type of BMP, its priority group, where it is intended to be used, and the
reason for its selection. Identify any specific alterations to the design that that is
proposed.
DESCRIPTION OF MAINTENANCE PROCEDURE AND LONG TERM FUNDING SOURCE
Describe what maintenanc e is required for each type of BMP selected and how often it
should be serviced. Describe the funding source that will be utilized to ensure long term
maintenance and who will be financially responsible.
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SIGNED MAINTENANCE AGREEMENT
Include a signed copy of a Maintenance Agreement designating the
responsible party for maintenance and funding.
COPY OF COMPLETED DETERMINATION WORKSHEET
Include a copy of the “Determination Worksheet” confirming that your
project qualifies and requires submittal of a SUSMP plan.
EXHIBITS
All exhibits should be provided at an appropriate scale so that they are clear and legible and
may be a plan sheet if necessary.
PROPOSED CONDITION EXHIBIT
This exhibit needs to show the developed site layout, tributary areas and associated C
values, new or replaced area, labeled storm drain inlets, interceptor trees, and all
proposed BMPs. All BMPs should be dimensioned and labeled. The sites K value and
the onsite soil type should be noted.
IF THE IMPERVIOUS AREA EXISTED ON THE SITE PRIOR TO DEVELOPMENT
EXISTING CONDITION EXHIBIT
This exhibit is only required if the undeveloped site had impervious area prior to the
proposed development. It is also not required if the design goal of 100% capture is
achieved. This exhibit needs to show the proposed tributary areas over the existing site.
The existing impervious area for each tributary area needs to be shown and labeled in
square feet. This exhibit will be used to determine the pre development Curve Number
and the Delta Volume Capture.
C VALUE EXHIBIT
This information may be presented as a separate exhibit or can included with the
“Proposed Condition Exhibit” as space allows, and is not required if the design goal of
100% capture is achieved. This exhibit needs to show the different types of land cover
and the associated C values in each tributary area. This information allows a composite
C value calculation to be completed for the treatment requirement.
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PROJECT DRAWINGS
Show all applicable elements of the selected BMPs on the appropriate plan sheet. For example,
swales would be shown on the grading sheet, perforated pipe on the utilities sheet and so on.
Use the unique identifier used in the exhibit. Include details for each BMP and any applicable
notes.
CALCULATIONS‐ FORMULAS
Final calculations for each inlet for both volume capture and/or water quality treatment, using
the “Storm Water Calculator.”
Completed final calculations either meeting the “Design Goal” or both “Design Requirements.”
The water quality design storm used for all SUSMP calculation is the 85th percentile 24‐hour
storm event. Tributary areas used should match those used for hydrology and hydraulic
calculations. Methodology, formulas, and references are described in Chapter 6. The “Storm
Water Calculator” can be downloaded from the City of Santa Rosa’s website at
www.srcity.org/stormwaterLID
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MAINTENANCE AND INSPECTION
INTRODUCTION
The maintenance and inspection section of the SUSMP
report shall describe provisions required to keep BMPs
operating as originally designed and approved. At a
minimum, it shall include:
•
•
•
•
•
•
•
•
•

Scope and frequency of BMP inspections.
Regularly scheduled maintenance.
Provisions for unscheduled maintenance.
Recordkeeping requirements.
Identification of the responsible party.
Identification of the funding source.
Costs associated with inspection and maintenance.
Design life including periodic replacement cost.
Specific provisions recommended by the manufacturer of any proprietary system
BMP.

REQUIREMENTS FOR BMPs ON PRIVATE LAND
RESPONSIBILITY FOR BMP ON PRIVATE LAND
Maintenance and Inspection of all BMPs on private land are the responsibility of the
property owner. This responsibility shall run with the land and be legally recorded,
executed, and transferred upon sale of the property. Property owners shall inspect, or
ensure the inspection by a qualified professional, of all BMPs at least once a year or at
the frequency specified in the BMP Fact Sheets.
SIGNED AGREEMENT FOR BMP ON PRIVATE LAND
A legally binding, signed maintenance agreement, or equivalent mechanism approved
by the governing agency, is required for all BMPs located on private properties. This
agreement shall legally assign maintenance responsibility to the property owner and will
be executed between the governing agency and the property owner. The agreement
shall be recorded among the deed records at the County Recorder’s Office so that it will
run with the title to the land. Additionally, a copy of this agreement shall be included in
any sales and/or lease agreements for properties with storm water BMPs.
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FUNDING AND MAINTENANCE ACTIVITY REQUIREMENTS FOR BMPs ON PRIVATE LAND
The funding of all inspection, maintenance, and replacement of BMPs on private land is
the sole responsibility of the property owner.
RECORD KEEPING FOR BMP ON PRIVATE LAND
Records regarding annual inspections and maintenance shall be retained for at least five
years and made available upon request to the governing agency. These records shall
include copies of completed inspection reports and maintenance checklists to document
any inspection and maintenance activities that were conducted over the last five years.
Any corrective actions, repairs, or replacements shall also be documented and kept in
the BMP inspection and maintenance records for a minimum of five years.
REMEDIATION OF PROBLEMS FOR BMP ON PRIVATE LAND
The remediation of problems, in addition to routine maintenance needed to keep the
BMP in working order is the responsibility of the property owner. This responsibility
runs with the land and transfers to the new owner in the event the property is sold. In
the event adequate BMP maintenance is not conducted, the property owner shall allow
the governing agency’s staff or their designees, the option to enter the property and
take, or assign the necessary steps to restore the BMPs to good working order. The
property owner will be responsible for reimbursing the governing agency for
expenditures associated with restoring the BMPs to good working order, in addition to
any fines or penalties imposed.
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REQUREMENTS FOR BMPs ON COMMON LAND
RESPONSIBILITY FOR BMP ON COMMON LAND
Maintenance and inspection of all BMPs on common land (those held by Home Owners
Associations or HOAs) are the responsibility of
the HOA. This responsibility shall run with the
land and be legally recorded, executed, and
transferred upon sale of the property. The HOA
shall inspect or ensure the inspection by a
qualified professional, of all BMPs at least once a
year or at the frequency specified in the
maintenance and inspection section of the
SUSMP.
CC&Rs FOR BMP ON COMMON LAND
For projects with BMPs located within a common area or easement to be maintained by
a HOA, language regarding the responsibility for inspection and maintenance must be
included in the project’s CC&R’s. In addition, the CC&R’s shall include the location and
brief description of all storm water BMPs installed with the project. This language shall
be reviewed and approved by project approving agency as part of the final SUSMP
submittal process.
SIGNED AGREEMENT FOR BMP ON COMMON LAND
A legally binding, signed maintenance agreement, or equivalent mechanism approved
by the governing agency, is required for all BMPs located on common land. This
agreement shall legally assign maintenance responsibility to the HOA and will be
executed between the governing agency and the HOA. The agreement shall be
recorded at the County Recorder’s Office. It will run with the title to the land.
Additionally, a copy of this agreement shall be included in any sales and/or lease
agreements for properties with storm water BMPs.
FUNDING FOR BMP ON COMMON LAND
The funding of all inspection, maintenance, and replacement of BMPs on common land
is the sole responsibility of the HOA.
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MAINTENANCE AND INSPECTION
RECORD KEEPING FOR BMP ON COMMON LAND
Records regarding annual inspections and maintenance shall be retained for at least five
years and made available upon request
to the governing agency. These
records shall include copies of
completed inspection reports, and
maintenance checklists to document
any inspection and maintenance
activities that were conducted over the
last five years. Any corrective actions,
repairs or replacements, shall also be
documented and kept in the BMP
inspection and maintenance records
for a minimum of five years.
REMEDIATION OF PROBLEMS FOR BMP ON COMMON LAND
In the event adequate BMP maintenance is not achieved, the HOA shall allow the
governing agency’s staff the option to enter the property and take, or assign, the
necessary steps to restore the BMPs to good working order. The property owner will be
responsible for reimbursing the governing agency for expenditures associated with
restoring the BMPs to good working order in addition to any fines or penalties imposed.
REQUIREMENTS FOR BMPs IN THE PUBLIC RIGHT OF WAY
RESPONSIBILITY
Project sponsors and property owners are encouraged to locate storm water BMPs
within the limits of their private property on the project site. However, in cases where
proposed BMPs are required to treat/mitigate storm water runoff from public
improvements, required as part of the project or existing public right of way that drains
into the project area, BMPs may need to be located in the public right of way. Also, it is
expected that BMPs constructed as a part of public Capital Improvement Projects (CIP)
will be located in the public right of way. If BMPs are proposed in a public area for
transfer to, and long term maintenance by, the governing agency, the BMPs must meet
the design guidelines of this Manual. Inspection and maintenance shall remain under
the project or property owner’s responsibility until the BMPs are legally transferred to
public ownership. Additionally, by the use of maintenance indemnification agreements,
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CHAPTER 8
a private entity may maintain BMP located in the public right of way. Once the BMPs are
legally transferred, the maintenance, inspection, and replacement are the responsibility
of the governing agency. Publicly constructed Capital Improvement Projects (CIP) are
the responsibility of the governing agency.
SIGNED AGREEMENT FOR BMP IN THE PUBLIC RIGHT OF WAY
For cases in which a public agency agrees to accept responsibility for BMP long term
operation, including inspection and maintenance, verification, such as a signed
statement from the public agency accepting responsibility for the BMP is required.
FUNDING FOR BMP IN THE PUBLIC RIGHT OF WAY
The funding of all inspection, maintenance, and replacement of BMPs built by private
development is the sole responsibility of the property owner or developer. With legal
authorization, the governing agency may create a Special Tax District, or equivalent
mechanism. A storm water tax would be assessed on the property owners within the
Special Tax District to provide the funding for long term BMP inspection, maintenance,
and periodic replacement which would be performed or coordinated by the applicable
agency. Special Tax District funding shall also consider and include costs for public
agency administration (such as accounting, legal, tracking, etc.), contract management
(for outside contractors), as well as contingency and escalating factors.
RECORD KEEPING FOR BMP IN THE PUBLIC RIGHT OF WAY
All records will be kept by the governing agency.
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DETERMINATION WORKSHEET

Low Impact Development Technical Design Manual

Print Form

FOR OFFICE USE ONLY:
Does Project require permanent
storm water BMP's?
Y

N

Review Fee Paid?
Y
N

DETERMINATION WORKSHEET
PURPOSE: Use this form to determine whether or not this project will need to incorporate permanent Storm Water Best Management
Practices (BMP's) and submit a Standard Urban Storm Water Mitigation Plan (SUSMP).
APPLICABILITY: Requred with all entitilement application packages, improvement plans and building permit applications. Information
presented on this worksheet must reflect the final development condition.

Part 1: Information

Project Name

*Applicant Name

Site Address

Mailing Address

City/Zip

City/State/Zip

Permit Number(s) Ͳ if applicable

Phone/Email/Fax

Engineer Name

Mailing Address

City/State/Zip

Phone/Email

Type of Application/Project:
Subdivision

Grading Permit

Building Permit

Design Review

Use Permit

Other

*Applicant is the owner or developer.

12/7/11 version 6

Page 2 of 6
Determination Worksheet

Part 2: Other Regulatory Determinations
CALGREEN:
1. Does this Project require a non-residential building permit for a newly constructed building without sleeping
accomodations? ¹

YES: This project may need to implement permanent Storm Water BMP's and be designed in accordance
with the Storm Water Low Impact Development (LID) Technical Design Manual due to CALGreen
requirements. Complete the remainder of this worksheet.
NO: Complete the reminder of this worksheet.

Section 401:
2.

Does this Project require a section 401 permit? ²
Yes

No

2A. if YES, are any of the following a component of this project? (Check all that apply)
Disturbance of 1 acre or more of soil
New Outfall
Any new impervious surface

If you checked any of the boxes in section 2A, please be advised that this Project will require North
Coast Regional Water Quality Control Board review and permanent Storm Water BMP's designed
in accordance with the Low Impact Development (LID) Technical Design Manual. Skip to page six
and sign the "acknowledgement signature section."
Initial Determination:
3. Does this Project create or replace 10,000 sq ft or more of impervious surface?

YES: Complete the remainder of this worksheet.
NO: This Project does not need to incorporate permanent Storm Water BMPs. Please go to page 6 and
complete the exemption signature section.

1. Additions, alterations, repairs and existing structures are not subject to the requirements of CALGreen. For further information on determining building
permit requirements, contact the govering agency's building department.
2. A 401 permit is required from the North Coast Regional Water Quality Control Board (NCRWQCB) if any part of this project is located within or adjacent
to "waters of the State" which can be a creek, drainage ditch, wetland or any seasonal waterway.For further information on determining 401 Permit
requirements, contact the North Coast Regional Water Quality Control Board.
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Determination Worksheet

PART 3: Exemptions
1. Is this a routine maintenance activity ³ that is being conducted to maintain original line and grade, hydraulic
capacity, and original purpose of facility such as resurfacing existing roads and parking lots?
Yes
No

2. Is this an emergency redevelopment activityĩ required to protect public health and safety?
Yes

No

3. Is this a project undertaken solely to install or reinstall public utilities (such as sewer or water lines) that does
not include any additional street or road development or development activities?
Yes
No

4. Is this a reconstruction projectĪ, undertaken by a public agency, of street or roads remaining within the
original footprint and less than 48 feet wide?
Yes
No

5. Is this a stand alone pedestrian pathway, trail or off street bike lane?
Yes
No
Did you answer "YES" to any of the above questions in Part 3?
YES: Stop. This project is exempt and will not need to incorporate permanent storm water
Best Management Practices. Please go to Page 6 and complete the exemption signature section.

NO: Proceed to Part 4 below to see if this project will need to incorporate permanent Storm
Water BMP's.
Part 4: Project Triggers
Projects that Trigger Requirements:
Please answer the following questions to determine whether this project requires permanent Storm Water BMP's
and the submittal of a SUSMP.

1. Does this development or redevelopment project create or replace a combined total of 1.0 acres or more
of impervious surfaceī?
Yes
No
3"Routine Maintenance Activity"Ͳ This exemption includes activities such as overlays and/or resurfacing of existing

roads or parking lots as well as trenching and patching activities and reroofing activities.
4 "Emergency Redevelopment"Ͳ The Regional Water Quality Control Board must agree that the activities are

needed to protect public health and safety to qualify for this exemption.
5"Reconstruction" is defined as work that replaces surfaces down to subgrade. Street width is measured from
faceͲofͲcurb to faceͲofͲcurb. Overlays, resurfacing, trenching, and patching are considered maintenance activities
and are exempt.
6 "Impervious Surface" is defined as an area that has been modified to reduce storm water runoff capture and
percolation into underlying soils. Such surfaces include rooftops, walkways, and parking areas. Permeable pavementsshall be considered
impervious for this section if they have subdrains to preclude infiltration into underlying soils.

Page 4 of 6
Determination Worksheet
2. Does this project create or replace a combined total or 10,000 ft² or more of impervious street, roads, highways, or
freeway construction or reconstruction? Yes
No
3. Does this project include four or more new homes? Yes

No

4. Is this project an industrial parkĬcreating or replacing a combined total of 10,000 ft² or more of impervious
surfaceī?
Yes
No
5. Is this project a Commercial strip mall ĭcreating or replacing a combined total of 10,000 ft² or more of impervious
surfaceī?
Yes
No
6. Is this project a retail gasoline outlet creating or replacing a combined total of 10,000 ft² of more or impervious
surfaceī?
Yes
No
7. Is this project a restaurant creating or replacing a combined total of 10,000 ft² or more of impervious surfaceī?
Yes
No
8. Is this project a parking lot (not included as part of a project type listed above) creating or replacing a
combined total of 10,000 ft² or more or impervious surface or with 25 or more parking spaces?
Yes
No
9. Is this project an automotive service facility creating or replacing a combined total of 10,000 ft² or more or
impervious surfaceī?
Yes
No

Did you answer "YES" to any of the above questions in Part 4?

YES: The project must implement permanent Storm Water BMP's and be designed in accordance with the Storm
Water LID Technical Design Manual. Please complete the remainder of this worksheet. sign under the
"Acknowledgment Section" on page 6.

NO: Stop. The project will not need to incorporate permanent Storm Water BMP's. Please continue to Page 6
and complete the exemption signature section.

"Industrial Park" is defined as industrial facility or building and associated impervious surface on a site zoned or planned to allow
industrial or commercial development (planning for mixedͲuse residential, industrial or commercial development and redevelopment
is included).

7

8"Commercial Strip Mall" is defined as commercial facility or

impervious surface on a site zoned or planned to allow commercial or
industrial use (planning for mixedͲuse residential, industrial or commercial development and redevelopment is included) with street
access and onsite parking.
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Part 5: Project Description

1. Total Project area:

Square feet or

acres.

2. Existing land use(s): (check all that apply)
Commercial

Industrial

Residential

Public

Other

Description of buildings, significant site features , etc.:

3. Existing impervious surface area:

square feet or

acres.

4. Proposed Land Use (s): (check all that apply)
Commercial

Industrial

Residential

Description of buildings, significant site features, etc.:

Public

Other

Page 6 of 6
Determination Worksheet

Acknowledgment Signature Section:
As the property owner or developer, I understand that this project is required to implement permanent Storm
Water Best Management Practices and the submittal of a SUSMP. Any unknown responses must be resolved
to determine if the project is subject to these requirements.
__________________________________
Signature of Property Owner or Developer

_________________________
Date

Exemption Signature Section:
As the property owner or developer, I understand that this project as currently designed does not require
permanent Storm Water BMP's nor the submital of a SUSMP. I understand that redesign may require
submittal of a new Determination Worksheet and may require permananet Storm Water BMP's .
__________________________________
Signature of Property Owner or Developer

_________________________
Date

____________________________________________
Implementation Requirements: All calculations shall be completed using the "Storm Water Calculator" most updated version available at:
www.srcity.org/stormwaterLID The Storm Water Calculator and Determination Worksheet are provided in this manual for reference only.
Design Goal: Capture (infiltration and/or reuse) of 100% of the volume of runoff generated by the 85th
percentile 24 hour storm event, as calculated using the "Urban Hydrology for Small Watersheds" TRͲ55
Manual. 100% volume capture is the ideal condition and if achieved satisfies all requirements so that no
additional treatment is required and pages 2 and 3 of this calculator do not need to be completed. This
is a retention requirement.
Design Requirements: If the Design Goal of 100% volume capture is not achieved; then both
Requirement 1Ͳ100% Treatment AND Requirement 2Ͳ Volume Capture must be achieved.
Requirement 1: Treatment of 100% of the flow generated by the 85th percentile 24 hour storm event, as
calculated using the Rational Method and a know intensity of 0.20 inches per hour.
Requirement 2: Capture (infiltration and/or reuse) of the increase in volume of storm water due to
development generated by the 85th percentile 24 hour storm event, as calculated using the "Urban
Hydrology for Small Watersheds" TRͲ55 Manual. This is a retention requirement.
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Impervious Area
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Living Roof
Rainwater
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Features‐ to be Vegetated Buffer
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A‐8

Best
Management
Practice (BMP) Detail Sheet Detail Title
Rain Garden
P1‐01
Rain Garden
Roadside
Bioretention ‐
Priority 1 and Roadside
P1‐02
no C & G
1A BMPs‐ to be Bioretention
installed with
no underdrains Vegetated
Swale with
or liners. Must Swale‐with
P1‐06
Bioretention
drain all stading Bioretention
water within 72 Constructed
N/A
N/A
hours.
Wetlands
Infiltration
Infiltration
P1‐07
Trench
Trench
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A‐9

Priority 2
BMPs‐ with
subsurface
drains
installed
above the
capture
volume.
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Pervious
Pavement
Constructed
Wetlands

N/A

P2‐06

P2‐05

N/A

Roadside
Bioretenion‐
No C & G
Vegetated
Buffer Strip
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Management
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Roadside
Roadside
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SW
Bioretention
Roadside
P2‐04
Bioretenion‐
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Rain Garden

Best
Management
Practice (BMP)

A‐10

Priority 3
BMPs‐
installed with
subdrains
and/or
Bioretention
impermeable
liner. Does not
achieve
volume
capture and
must be used
as part of a Flow Through
treatment Planters
train.
Pervious
Pavement
Vegetated
Swale
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Vegetated Buffer
Strip
Vegetated Swale

P3‐07

Roadside
Bioretinton ‐
Flush Design
Roadside
Roadside
Bioretenion‐
Contiguous SW
Roadside
Bioretenion‐
Curb Opening
Roadside
Bioretenion‐ No
C&G

Rain Garden

Detail Title
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P3‐01
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Best Management
Practice (BMP)

Chambered Separator
Units
Centrifugal Separator
Units
Trash Excluders
Filter Inserts

A‐11

Other

Detention

Priority 6 BMPs‐ Offset Program

Priority 5 BMPs‐
does not achieve
volume capture
and must be used
as part of a
treatment train.

Priority 4 BMPs‐
does not achieve Tree Filter Unit
volume capture
and must be used
Modular Bioretention
as part of a
treatment train.
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STORM WATER CALCULATOR
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Enter Project Name
Enter Address
Design Engineer
Date
Enter ID information

5' to 9'

2
0 ft
0.00

(10,000 x 0.25 x 0.00) =

A12

Solution:

Input:

3-4
0.2

0 %
Units per Acre

(10,000 x 0.25 x 0.00 x 0.19) =

2
0 ft

Density Reduction

Either Method 1 (rooftop area) or
Method 2 (density ) can be used.
Providing input for both methods
will cause an error. If rooftop area
information is available, Method 1
should be used.

NOTE:

Rooftop Drainage Area Reduction

Area reduction = (Physical Tributary Area x Conditional Factor x Percent Disconnected x Density Factor)

Density Reduction Factor=

Select Density:

Enter percent of rooftop area to be disconnected from downspouts:

2
0 ft

Area reduction = (Physical Tributary Area x Conditional Factor x Rooftop Area Factor)

Rooftop Area Factor =

Enter amount of rooftop area that drain to disconnected downspouts =

Method 2: Based on density (units per acre) - to be used if rooftop information is unknown.

Solution:

Input:
Rooftop Area Factor= (Total Rooftop Disconnected Area/Tributary Area)

Select disconnection condition: Runoff is directed across landscape; Width of area:
Condition Factor =
0.25

Method 1: Based on the total rooftop drainage area - to be used if rooftop information is known.

Input:

[10] From "Using Site Design to Meet
Development Standards For Storm water
Quality" by the Bay Area Storm water
Management Agencies Association (BASMAA).

[9] Composite CN calculated per "Worksheet
2 Part 1 of the Urban Hydrology For Small
Watersheds" TR-55 manual.

[8] Hydrologic soil type based of infiltration
rate of native soil as defined by "Urban
Hydrology For Small Watersheds" TR-55
Manual.

[7] From Sonoma County Water Agency Flood
Control Design Criteria.

[6] Q in feet of depth as defined by the "Urban
Hydrology For Small Watersheds" TR-55
Manual.

[5] Per the "Urban Hydrology For Small
Watersheds" TR-55 manual.

[4] Total area reductions due to pollution
Prevention Measures cannot exceed 50% of
the physical Tributary Area.

[3] See "Vegetated Buffer Strip" and "Bovine
Terrace" Fact Sheets in Appendix E for further
details.

Disconnected Roof Drains [1]

[1] See "Impervious Area Disconnection" Fact
Sheet in Appendix E for further details.
[2] See "Interceptor Trees" Fact Sheet in
Appendix E for further details and see "Plant
and Tree List" in Appendix G for approved
trees.

10,000 ft2

NOTE: In order for this calculator to function properly
macros must be enabled.

*For example only, go to www.srcity.org/stormwaterlid
for the latest version of the calculator

This portion of the Storm water Calculator is designed to account for pollution prevention
measures implemented on site. Additional information and description of these measures can be
found in the Fact Sheets in Appendix F and in Chapter 4 of the narrative.

Physical Tributary Area that drains to Inlet/BMP =

Project:
Address/Location:
Designer:
Date:
Inlet Number/Tributary Area/BMP:

STORM WATER CALCULATOR*

APPENDIX C
STORM WATER CALCULATOR

Release 7 Rev. 0
8/16/2012

Enter Project Name
Enter Address
Design Engineer
Enter ID information

A13

Solution:

0.7

2
0 ft

Area Reduction =

2
0 ft

Area Reduction = (Area draining to Buffer Strip or Bovine Terrace) x (Buffer Factor) =

Buffer Factor =

Enter area draining to a Buffer Strip or Bovine Terrace =

[3]

= Sum of areas managed by evergreen + deciduous + existing canopy

2
0 ft

Area Reduction =

Buffer Strips & Bovine Terraces

Allowed credit for existing tree canopy = 50 % of actual canopy square footage

2
0 ft

Allowed reduction credit for existing tree canopy=

(100 ft2/tree)

New Deciduous Trees

(200 ft2/tree)

NOTE:
Total Interceptor Area Reduction is
limited to 50% of the physical
tributary area.

Existing Tree Canopy

2
0 ft

0

2
0 ft

New Evergreen Trees

0

Enter square footage of qualifying existing tree canopy =

Area Reduction due to new Deciduous Trees=

Number of new Deciduous Trees that qualify as interceptor trees=

Area Reduction due to new Evergreen Trees=

0

2
0 ft

Area Reduction =

Number of new Evergreen Trees that qualify as interceptor trees=

Interceptor Trees [2]

2
0 ft

Enter area of alternatively designed paved area:

Paved Area Type (select from drop down list): Not Directly-connected Paved Area
Multiplier =
1

Paved Area Disconnection [1]

APPENDIX C
STORM WATER CALCULATOR
INSTRUCTIONS:

Calculates the area reduction credit
due to buffer strips and/or bovine
terraces. Runoff Must be direct to
these features as sheet flow. Enter
the area draining to these features.

INSTRUCTIONS:

Calculates the area reductions credit
due to interceptor trees. Includes both
new and existing trees. Enter the
number of new deciduous and
evergreen trees and the canopy area
of existing trees.

INSTRUCTIONS:

Calculates the area reduction credit for
driveways designed to minimize runoff.
Enter type and area of alternate
design.

Release 7 Rev. 0
8/16/2012

Enter Project Name
Enter Address
Design Engineer
Enter ID information

2
0 ft

2
10,000 ft

Reduced Tributary Area to be used for Calculations =

2
10,000 ft

=

A14

1.11 in

0 ft

225 ft3

QPOST=

VGOAL=

VGOAL=

QPOST=

SPOST=

10,000 ft2
1.00

90

(0.02246)(10,000)

[(0.92 * 1.00)-(0.2 * 1.11)]²
[(0.92 * 1.00)+(0.8 * 1.11)]

1000
-10
90

CNPOST =
Composite post development CN [9] =

Volume of storm water - Post Development

OR:

SPOST=

Solution:

Ar =
K [7] =
Drop down Lists

X

1ft
12in

VGOAL= Post Development Volume of Storm Water to be Retained (ft 3)

QPOST= Q in feet of depth as defined by the "Urban
Hydrology For Small Watersheds" TR-55 Manual.

SPOST= Post development potential maximum retention after runoff (in).

Where:

Entering a calculated composite CN will override selections made
from the pull down menu above. Calculation worksheet should be
used for all composite calculations and included with submittal.

NOTE:

Select post development hydrologic soil type within tributary area [8] = C: 0.05 - 0.15 in/hr infiltration (transmission) rate
Select post development ground cover description [5] = Residential - 1/8 acre or less (town houses)

Input: (Pick data from drop down lists or enter calculated values)

3
V= Volume of Storm Water to be Retained (ft )
2
Ar= Reduced Tributary Area including credit for Pollution Prevention Measures (ft )

0.92 inches in the Santa
Rosa area, based on local
historical data.

Where:

[7]

V= (Q)(Ar)

K= Seasonal Precipitation Factor

0.92

Where:

Q= [(P*K)-(0.2 * S)]2
X 1ft
[(P*K)+(0.8 * S)]
12"
Q= Runoff depth (ft) [6]
P= Precipitation (in) =

Where:
[5]
S= Potential maximum retention after runoff (in)
[5]
CN= Curve Number

S = 1000 - 10
CN

Formulas:

Capture (infiltration and/or reuse) of 100% of the volume of runoff generated by the 85th percentile 24 hour storm event.

Design Goal: 100% Volume Capture

This worksheet calculates the quantity of storm water that needs to be addressed (captured
and/or treated) to comply with the NPDES Storm Water Permit issued to the City of Santa Rosa
and County of Sonoma by the North Coast Regional Water Quality Control Board.

Tributary Area Reduction due to Pollution Prevention Measures

[4]

Physical Tributary Area =

Revised Tributary Area due to Pollution Prevention Measures

APPENDIX C
STORM WATER CALCULATOR

INSTRUCTIONS:

If the Design Goal of 100% Capture is
not achieved, 100% Treatment AND
Volume Capture must be achieved
and both pages 4 and 5 of this
calculator need to be completed.

NOTE:

This Design Goal of 100% Capture is
the ideal condition and if achieved
satisfies all requirements so that no
additional treatment is required and
pages 4 and 5 of this calculator do not
need to be completed.

Release 7 Rev. 0
8/16/2012

Enter Project Name
Enter Address
Design Engineer
Enter ID information

A15

QTREATMENT=

Solution:

Input:

0 cfs

QTREATMENT= (0.2 in/hr)(A)(CPOST)(K) cfs

Formula:

2
10,000 ft =
0.0
1.0

QTREATMENT= (0.2)(0.23)(0.00)(1.00)

K [7] =

CPOST [10] =

Ar =

0 Acres

Ar = Reduced Tributary Area including credit for Pollution Prevention Measures (ft 2)
K = Seasonal Precipitation Factor [7]

Where:
QTREATMENT= Design flow rate required to be treated (cfs)
CPOST = Rational method runoff coefficient for the developed condition [10]

INSTRUCTIONS:
If the Design Goal of 100% Capture on
page 3 of this calculator is not
achieved; then Requirement 1-100%
Treatment, this page of the calculator,
AND Requirement 2- Volume Capture,
page 5 of the calculator, must be
achieved.

Requirement 1: 100% Treatment

Treatment of 100% of the flow generated by 85th percentile 24 hour mean annual rain event (0.2 in/hr).

APPENDIX C
STORM WATER CALCULATOR
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Enter Project Name
Enter Address
Design Engineer
Enter ID information

OR

3
41 ft

VPRE=

3
225 ft

0 ft

A16

[(0.92*1.00)-(0.2 * 2.66)]²
[(0.92*1.00)+(0.8 * 2.66)]

1000
-10
79

1000
-10
90

VPOST= (0.02246)(10,000)

QPOST= [(0.92*1.00)-(0.2 * 1.11)]²
[(0.92*1.00)+(0.8 * 1.11)]

SPOST=

VPRE= (0.00412)(10,000)

QPRE=

SPRE=

90

X

1ft
12in

X 1ft
12in

VDELTA=

Delta Volume Capture=

183 ft3

(VPOST-VPRE)

VPOST= Post Development Volume of Storm Water Generated (ft 3)

QPOST= Q in feet of depth as defined by the "Urban
Hydrology For Small Watersheds" TR-55 Manual.

SPOST= Post development potential maximum retention after runoff (in).

Where:

VPRE= Pre Development Volume of Storm Water Generated (ft 3)

QPRE= Q in feet of depth as defined by the "Urban
Hydrology For Small Watersheds" TR-55 Manual.

SPRE= Pre development potential maximum retention after runoff (in).

Where:

Where:
Delta Volume Capture= The increase in volume of storm water generated by the 85th
percentile 24 hour storm event due to development that must be
retained onsite (may be infiltrated or reused).

Delta Volume Capture= (224.60) - (41.20)

Increase in volume of storm water that must be retained onsite (may be infiltrated or reused).

Solution: Volume Capture Requirement

VPOST=

QPOST=

Post Development Storm Water Runoff Volume
SPOST=
1 in

0 ft

QPRE=

CNPOST =

[8]

Composite Predevelopment CN [9] =
Composite Post development CN [9] =

Pre Development Storm Water Runoff Volume
SPRE=
3 in

Solution:

2
10,000 ft
1.0

Drop down Lists
Select hydrologic soil type within tributary area = C: 0.05 - 0.15 in/hr infiltration (transmission) rate
[5]
Select predevelopment ground cover description = Residential - 1 acre lots
Select post development ground cover description [5] = Residential - 1/8 acre or less (town houses)
CNPRE =
79

K [7] =

Ar =

3
V= Volume of Storm Water to be Retained (ft )
2
Ar= Reduced Tributary Area including credit for Pollution Prevention Measures (ft )

Where:
[5]
S= Potential maximum retention after runoff (in)
[5]
CN= Curve Number
Where:
Q= Runoff depth (ft) [6]
0.92 inches in the Santa Rosa
P= Precipitation (in) =
0.92
[7]
area, based on local historical
K= Seasonal Precipitation Factor
data.
Where:

Input: (Pick data from drop down lists or enter calculated values)

V= (Q)(Ar)

Q= [(P*K)-(0.2 * S)]2
1ft
X
[(P*K)+(0.8 * S)]
12in

S = 1000 - 10
CN

Formulas:

(C POST ≤ C PRE or CN POST ≤ CN PRE )

If the amount of volume generated
after development is less than or
equal to that generated before
development, Requirement 2-Volume
Capture is not required.

NOTE:

INSTRUCTIONS:
If the Design Goal of 100% Capture on
page 3 of this calculator is not
achieved; then Requirement 1-100%
Treatment, page 4 of the calculator,
AND Requirement 2- Volume Capture,
this page of the calculator, must be
achieved.

Requirement 2: Delta Volume Capture

No increase in volume of runoff leaving the site due to development for the 85th percentile 24 hour storm event.

APPENDIX C
STORM WATER CALCULATOR

Release 7 Rev. 0
8/16/2012

Enter Project Name
Enter Address
Design Engineer
Enter ID information

800 ft

ALID GOAL=(W)(L) =

2

3

Percent of Goal Achieved =

324 %

3
225 ft

0.3
3.5 ft
8.0 ft
100.0 ft

2
0 ft

ALID DELTA=(W)(L) =

A17

Percent of Requirement Achieved =

Solution:

Input:

(D)(ALID DELTA)
Percent of Requirement
x 100
=
Achieved
VLID DELTA

3
705 ft

VLID DELTA=((VDELTA))/(P) =

Formulas:

0 %

LID Sizing Tool only applicable for volume
based BMPs. Not required if site requires
treatment only.

NOTE:

3
183 ft

0.3
0.0 ft
0.0 ft
0.0 ft

(in decimal feet)

as a decimal
Below perforated pipe if present

= [(0.0 x 0) / 705 ] x 100

L=

W=

D=

P=

D= Depth below perforated pipe if present
W= Width
(in decimal feet)
L= Length (in decimal feet)

(enter as a decimal)

VDELTA=

Where:
VLID DELTA= Required volume of soil in LID BMP
ALID DELTA = Footprint of LID BMP area for a given depth (below perforated pipe if present).

P= Porosity

Where:

(in decimal feet)

as a decimal
Below perforated pipe if present

= [(3.5 x 800) / 864 ] x 100

L=

W=

P=
D=

D= Depth below perforated pipe if present
W= Width
(in decimal feet)
L= Length (in decimal feet)

(enter as a decimal)

VGOAL =

P= Porosity

Where:

LID Sizing Tool only applicable for volume
based BMPs. Not required if site requires
treatment only.

NOTE:

Where:
VLID GOAL= Required volume of soil in LID BMP.
ALID GOAL = Footprint of LID BMP area for a given depth (below perforated pipe if present).

LID BMP Sizing Tool Delta Volume Capture Requirement: VDELTA

Solution:

Input:

VLID GOAL

Percent of Goal Achieved = (D)(ALID GOAL) x 100

864 ft

VLID GOAL=((VGOAL))/(P) =

Formulas:

LID BMP Sizing Tool: 100% Volume Capture Goal; VGOAL

APPENDIX C
STORM WATER CALCULATOR

INSTRUCTIONS:

The Delta Volume Capture sizing tool
helps the designer appropriately size a
LID BMP to achieve the design
requirement of the delta volume
capture. Enter the percent of porosity
of the specified soil and depth below
perforated pipe ( if present). The width
and length entries will need to be
interactively adjusted until "Percent of
Requirement achieved" reaches
100%.

INSTRUCTIONS:

The 100% volume capture sizing tool
helps the designer appropriately size a
LID BMP to achieve the design goal of
100% volume capture of the post
development condition. Enter the
percent porosity of the specified soil
and depth below perforated pipe ( if
present). The width and length entries
will need to be interactively adjusted
until "Percent of Goal" equals 100%.
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Enter Project Name
Enter Address
Design Engineer
Enter ID information

APPENDIX D

PRELIMINARY SUSMP SUBMITTAL GUIDE

City of Santa Rosa and County of Sonoma

Preliminary SUSMP Submittal Guide
Project Information:
Applicant Name (owner or developer)
Mailing Address
City/State/Zip
Phone/Email/Fax
Project Name
Site Address
City/State/Zip
Permit # (s)
Engineer Name
Mailing Address
City/State/Zip
Phone/Email/Fax
Type of Application/Project:
Subdivision

Grading Permit

Building Permit

Design Review

Use Permit

Other ___________

What your Preliminary Plan must include:
Narrative:
Project Description
□
□
□
□

Description of proposed project type, location, and any specific uses or features.
Description of any sensitive features (creeks, wetlands, trees, etc) and weather they are going to be preserved,
removed or altered.
Description of the existing site.
Description of how this project triggers these requirements (impervious area, CALGreen, 401 Permit, etc).
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Preliminary SUSMP Submittal Guide
Pollution Prevention and Credits
□
□
□

Description of all proposed pollution prevention measures (street sweeping, covered trash enclosures, indoor
uses, etc).
Description of all credits utilized (Interceptor Trees, Impervious Area Disconnection, and/or Alternative Driveway
Design).
Summary of tributary area reduction due to credits.

Type of BMPs proposed
□
□

Description of the types of BMPs selected including priority group that each is in.
Description of level of treatment and volume capture achieved (if 100% Capture is achieved treatment is not
required).

Maintenance
□
□
□

Description of maintenance for each type of BMP.
Description of funding mechanism.
Designation of Responsible Party.

EXHIBITS AND ATTACHMENTS
Completed BMP Selection Table
□

Completed BMP Selection Table for each tributary area including explanation for each Priority not used.

Proposed SUSMP Exhibit
□
□
□
□
□
□
□
□

Exhibit should include: street names, property lines, storm drainage system, waterways, title block, scale, and
north arrow.
Tributary areas shown for all inlets (including offsite drainage areas).
C value for each tributary area.
Soil Type of existing site.
New or replaced impervious area.
All inlets shown (including identifier).
All interceptor trees shown.
All proposed BMPs shown.
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Preliminary SUSMP Submittal Guide
Existing Condition Exhibit
¾

Not necessary if no impervious area existed on the undeveloped site or if the Design Goal of 100% Volume
Capture is achieved.
□ Exhibit should include: street names, property lines, proposed storm drainage system, waterways, title block,
scale, and north arrow.
□ Soil Type of existing site.
□ Proposed tributary areas shown for all proposed inlets (including offsite drainage areas).Existing impervious
areas.
□ Existing impervious area.

BMP Details:
□

Preliminary detail for each type of BMP selected‐ provide a preliminary 8.5”x11” detail for each BMP type or
include on submitted drawings. These can be taken straight from the Fact Sheets if no significant changes are
proposed.

ON PLANS
□

Show all applicable elements of the selected BMPs on the appropriate sheets.

CALCULATIONS
□

Preliminary calculations; both volume and treatment, using the “storm water calculator” for each inlet.
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APPENDIX E

BMP FACT SHEETS, DETAILS AND INSPECTION
CHECKLISTS

Low Impact Development Technical Design Manual

FACT SHEETT‐ LIVING RO
OOF
Living Roof
Also know
w as: Green Roof, Roof Garden,
G
and
d Vegetated Roof

DESCRIPTTION
Living roo
ofs are roofss that are en
ntirely or parrtially covereed with vegeetation and soils.
s
Living roofs
function as a soil and
d plant‐based filtration feature
f
that removes po
ollutants thro
ough a varieety of
natural physical,
p
biollogical, and chemical
c
treeatment processes. Areaas treated with a living roof
are exem
mpt from the
e Volume Capture requirrement.
ADVANTTAGES
•
•
•
•
•
•
•
•

Liiving roofs are excluded from Volum
me Capture calculations.
c
Provides water quality treeatment.
U
Used
in urban
n areas where space is liimited.
U
Used
on slope
ed sites.
Provides habitat for birdss and attractts pollinators like butterrflies and beees.
Reduces build
ding heatingg and coolingg costs.
Provides noisse reduction.
Reduces heatt island effecct.
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FACT SHEET‐ LIVING ROOF
LIMITATIONS
•
•
•
•
•

Need to be integrated into the overall building and structural design.
Overflow requirements need to be considered in design.
Building orientation and shading needs to be considered in design.
Plants must be selected for shallow soil layer and fast draining soils.
Can only be installed on relatively flat roofs.

KEY DESIGN FEATURES
•

•
•
•
•
•
•
•
•

All vegetated roofs are assembled in layers. The top layer includes the engineered soils
and the plants. The soil is a lightweight mix that includes some organic material. Under
the soil is a drainage layer that includes filter fabric to keep the soil in place and a core
material that stores water and allows it to drain off the roof surface. Next is the root
barrier, which prevents the roots from puncturing the waterproof membrane that lies
below it, and finally there is the roof structure.
Include plants suited to the unique shallow soil conditions and design to achieve ___%
cover.
Design for high flow as well as the water quality design storm.
Underdrain or drainage system required.
Designed to prevent standing water. All surface water must drain within 72 hours to
prevent mosquito breeding.
Select non‐floatable surface mulching material to prevent clogging of downstream
inlets.
Building must be designed for the added weight of the living roof and all retained storm
water.
Seismic analysis may be necessary due to increased weight.
Irrigation may be necessary for plant establishment and extended dry periods.

SIZING DESIGN‐ GOAL AND REQUIREMENTS
•
•
•

Water Quality Treatment of 100% of the flow generated by the 85th percentile 24 hour
storm event, as calculated using the Rational Method and a known intensity of 0.20
inches per hour.
Living roofs are excluded from Volume Capture calculations.
All calculations shall be completed using the “Storm Water Calculator” available at
www.srcity.org/stormwaterLID
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FACT SHEET‐ LIVING ROOF
INSPECTION AND MAINTENANCE REQUIREMENTS
A maintenance plan shall be provided with the Final SUSMP. The maintenance plan shall
include; recommended maintenance practices, identify the parties responsible for
maintenance and upkeep, specify the funding source for ongoing maintenance with
provisions for full replacement when necessary, and provide site specific inspection
checklist.
At a minimum inspection and maintenance shall include the following:
• Drainage features should be inspected and cleaned as necessary to remove any
obstructions.
• Irrigation, if present, should be routinely inspected to ensure plant establishment and
survival.
• Plants should be pruned, weeds pulled, and dead plants replaced as needed.
• Eroded areas should be repaired as needed
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FACT SHEET‐ RAINWATER HARVESTING
RAINWATER HARVESTING
Also know as: Rain Barrel, Cistern, and Rainwater Collection

DESCRIPTION
Rainwater harvesting is the practice of collecting and using rainwater from impervious surfaces
such as roofs and patios. Rain barrels, or cisterns, are containers or tanks, designed to capture
rainwater runoff from roofs later used for irrigation. Rain barrels are inexpensive, easy to
install and maintain, and well suited for small‐scale residential sites. Cisterns are larger than
rain barrels and can be installed above or below ground depending upon design requirements
and site conditions.
ADVANTAGES
•
•
•
•
•
•

Can provide volume capture.
Can be used as part of a treatment train with other BMPs.
Low maintenance requirements (for above ground installations).
Good for sites where infiltration is limited.
Provides another source for irrigation water.
Prioritized as a “Universal LID feature.”

LIMITATIONS
•
•
•
•
•

Limited storage capacity.
Does not provide water quality treatment.
May require infrastructure (pumps or valves) to use stored water.
Inadequate maintenance can result in mosquito breeding and/or algae production.
May require building permits. Contact the governing agency for requirements.
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FACT SHEET‐ RAINWATER HARVESTING
KEY DESIGN FEATURES
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Roof surfaces shall not include copper or materials treated with fungicides or herbicides.
Gutters must be fully screened and installed at continuous grade.
Storage containers, tank liners, and tank coatings must be listed as food grade, or be
approved for potable water storage.
Containers must be opaque, water tight, vented, completely covered and screened.
Screen all openings.
For above‐ground systems, spigot and/or hose bib for
drawing water must be at least 2 inches from the bottom
and must be labeled “NONPOTABLE”.
Overflow device must be equal in size to the total of all
inlets and must lead to an approved discharge location with
approved air gap.
First flush diverter must be automatic self‐draining with a
clean out.
Safety labels (non‐potable, vector hazard, drowning hazard
icons).
Outdoor spigots must have an atmospheric vacuum breaker
attached.
Prior to installation, roofs must be cleaned, and downspouts disconnected from the
storm drain system.
All municipal water service lines to facilities with rainwater harvesting systems require
the installation of an approved backflow prevention device. This condition may be met if
the backflow prevention was installed as part of the fire sprinkler system.
Not permitted within the front yard setback.
Tanks up to 8 feet in height are permitted within the rear and side yard setbacks.
Tanks in excess of 8 feet in height, shall be subject to the same setbacks as a
detached residential accessory structure.
Both rain barrels and above‐ground cisterns must be sited in a stable, flat area. Rain
barrels and cisterns may not block the path of travel for fire safety access.
Overflow locations, which can include rain gardens, additional rain barrels or cisterns, or
a discharge point to the storm drain system, must be designed to both direct outflow
away from building foundations and prevent nuisance flows to adjacent properties.
Overflow may not discharge water across a public right‐of‐way.
Tanks should be placed in a cool or shaded area to avoid algal growth.
Regular use of the water stored in systems between rain events is critical to ensure that
storage is available for the next storm event.

A‐25

Low Impact Development Technical Design Manual

FACT SHEET‐ RAINWATER HARVESTING
SIZING DESIGN GOALS AND REQUIREMENTS
•

•
•
•

The design goal for rain water harvesting is to capture 100% of the runoff volume
generated by the 85th percentile 24 hour storm event. 100% volume capture has been
established as the ideal condition. If achieved, all requirements are satisfied and no
additional treatment is required. This is a retention requirement.
If the design goal is not achievable, then the rain water harvesting sizing requirement is:
Volume Capture of the increase in volume of storm water due to development
generated by the 85th percentile 24 hour storm event.
All calculations shall be completed using the “Storm Water Calculator” available at
www.srcity.org/stormwaterLID.

INSPECTION AND MAINTENANCE REQUIREMENTS
A maintenance plan shall be provided with the Final SUSMP. The maintenance plan shall include
recommended maintenance practices, state the parties responsible for maintenance and
upkeep, specify the funding source for ongoing maintenance with provisions for full
replacement when necessary and provide site specific inspection checklist. At a minimum
maintenance shall include the following:
•
•
•
•
•
•

Inspect twice annually to confirm that all the parts are operable and not leaking.
Debris and clear all screens to prevent mosquitoes and other vectors from breeding.
Clean tanks annually with a non‐toxic cleaner, such as vinegar and dispose of wash
water in a sink, bathtub or sewer cleanout.
Test all backflow prevention assemblies annually by the system owner using an
approved certified tester.
Regular use of the water stored in systems between rain events is critical to ensure that
storage is available for the next storm event.
Clear roof gutter screens.
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Pre‐rainy Season (PRS)

Rainy Season (RS)

After‐rainy Season (ARS)
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Inspection
Category

Is there excessive
splashing/spray from the
overflow outlet?
Are the house/building gutters
overflowing during a rain
event?

Are the storage tank(s) over
flowing?

RS

RS

RS

City of Santa Rosa and County of Sonoma

Is there standing or pooling of
water after 3 days of dry
weather around the storage
tank(s) area?

Maintenance Issue

RS

When to
Inspect

Is the Issue
Present?

• Check storage tank(s) outlet(s) for
blockage.

• Check gutter down spout and gutter
for obstructions.
• Check storage tank(s) inlet screens for
blockage.
• Check storage tank(s) outlet(s) for
blockage.

• Reposition splash block or dissipater
to reduce or eliminate splash/spray.

• Regrade over flow drainage area.
• Reposition splash block /dissipater.
• Check for leaks from storage tank(s).

Require Maintenance

completed and if needed maintenance was
not conducted, note when it will be done)

Comments (Describe maintenance

This Inspection and Maintenance Checklist is to be used in conjunction with its corresponding LID Factsheet and Maintenance Plan. Please review
these documents before performing the field inspection

Type of Inspection:

Location Description:

Inspection and Maintenance Checklist
(aka: Rain Barrel, Cistern, Rainwater Collection)

Date of Inspection:
Inspector(s):
BMP ID #:
Property Owner:

RAINWATER HARVESTING‐ INSPECTION CHECKLIST

Rainwater Harvesting

Drainage
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Inspection
Category

Erosion

Is there under cutting or
washouts around the outlet
splash block(s)?

Is there accumulation of
sediment, debris in the storage
tank(s)?

Is there evidence of under
cutting or washouts around
storage tank(s)?

Maintenance Issue

Is the Issue
Present?

Low Impact Development Technical Design Manual

RS
ARS

PRS
RS
ARS

RS
ARS

When to
Inspect

• Reposition splash block(s) or
dissipater(s).
• Fill in eroded areas and regrade.
• Repair any leaks or overflows from
storage tank(s).
• Remove sediment and check inlet
and gutter screens.
• Verify that the lid of the storage
tank is secure.
• Reposition splash block(s) or
dissipater(s).
• Fill in eroded areas and regrade.

Require Maintenance

and if needed maintenance was not conducted,
note when it will be done)

Comments (Describe maintenance completed

RAINWATER HARVESTING‐ INSPECTION CHECKLIST
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Inspection
Category

Vegetation

Are there dead or dry
plants/weeds?

Is the mulch/gravel spread
evenly throughout the storage
tank(s) area?

Is the vegetation clogging the
outlet areas?

Maintenance Issue

City of Santa Rosa and County of Sonoma

PRS
RS
ARS
PRS
RS
ARS

PRS
RS
ARS

When to
Inspect

Is the Issue
Present?

• Redistribute and add additional
mulch/gravel if needed.
• Regrade storage area.
• Remove dead and/or dry
vegetation. Replace as needed.
• Remove or trim any vegetation that
is causing a trip or access hazard.

• Trim and/or remove the excess
vegetation around the outlet flow
areas.

Require Maintenance

and if needed maintenance was not conducted,
note when it will be done)

Comments (Describe maintenance completed

RAINWATER HARVESTING‐ INSPECTION CHECKLIST
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Inspection
Category

BMP General

Is the Backflow
operation/maintenance log
current?
(if installed)
Is there algae or other growth in
the storage containers?

Is the irrigation system functional?

Are the vector control/prevention
devices in place and functional?

Are there missing or disturbed
aesthetics features?

Is the surrounding area marked
with Graffiti?

Is there debris/trash in the area?

Maintenance Issue

Is the Issue
Present?
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PRS
RS
ARS

PRS
RS
ARS
PRS
RS
ARS

PRS
RS
ARS

PRS
RS
ARS
PRS
RS
ARS
PRS
RS
ARS

When to
Inspect

• Test all backflow prevention
assemblies annually by the system
owner using an approved certified
tester.
• Clean tank(s) with non‐toxic cleaner.

• Replace and/or reposition aesthetics
features to original placement.
• Placement should not disrupt flow
characteristics/design.
• Replace or repair all damage
components.
• Contact vector control if problem
persist.
• Repaired any broken components.

• Remove all graffiti from the area.

• Remove all trash/debris.

Require Maintenance

and if needed maintenance was not conducted,
note when it will be done)

Comments (Describe maintenance completed

RAINWATER HARVESTING‐ INSPECTION CHECKLIST

FACT SHEET‐ INTERCEPTOR TREES
INTERCEPTOR TREES
Also known as: Tree Credits

DESCRIPTION
Interceptor trees are new trees, or existing trees that are located within 25’ of impervious
areas. Trees intercept rain water on their leaves and branches, allowing rain water to evaporate
or run down the branches and trunk of the tree where it readily infiltrates into the soil. Tree
roots also increase infiltration. Trees also provide shade over impervious surfaces which reduce
peak flow in streams and provide shade which reduces the “heat island” effects of urban areas.
Interceptor tree credits are calculated into the site design by
reducing the amount of tributary area that must be used to
calculate treatment and volume capture. New deciduous trees
provide a credit of 100 ft², new evergreen trees provide 200 ft²,
and existing trees provide one half of the existing canopy. Only
tree that overhang impervious areas or are within 25’ of
impervious areas can qualify as interceptor trees. The total
area reduction credit due to the use of interceptor trees
cannot exceed one half of the total physical tributary area. All interceptor tree credit
calculations should be completed with the Credit Calculator in Appendix C.

A‐31

City of Santa Rosa and County of Sonoma

FACT SHEET‐ INTERCEPTOR TREES
For example, if a project has 10,000 ft2 of impervious area and plants 3 new deciduous
interceptor trees and 2 evergreen interceptor trees, the area entered into the Storm Water
Calculator to determine treatment and volume capture would be 10,000 ft2 ‐(3*100 ft2)‐(2*200
ft2) = 9,300 ft2. If the project also kept an existing tree with a 100 ft2 canopy, the tributary area
could be reduced by an additional 50 ft2.
ADVANTAGES
•
•
•
•
•
•

Reduces the amount of pollutants entering the storm drain system.
Can reduce size of downstream storm water quality treatment measure(s) by reducing
the volume required to be treated.
Provides shade to cool pavement and reduces surface runoff temperatures.
Aids in removal of air pollutants and noise reduction.
Trees required by the permitting agency may be counted as interceptor trees.
Establishes habitat for birds and other pollinators like butterflies and bees.

KEY DESIGN FEATURES
•
•
•

Appropriate new trees must be selected from the approved tree list. See Appendix G.
Existing trees must be adequately protected during construction.
Only tree that overhang impervious areas or are within 25’ of impervious areas can
qualify as interceptor trees.

INSPECTION AND MAINTENANCE REQUIREMENTS
A maintenance plan shall be provided with the Final SUSMP. The maintenance plan shall include
recommended maintenance practices, state the parties responsible for maintenance and
upkeep, specify the funding source for ongoing maintenance with provisions for full
replacement when necessary, and provide site specific inspection checklist.
At a minimum inspection and maintenance shall include the following:
• Annual inspection prior to the rainy season.
• Annual proper watering and application of mulch.
• Routine pruning and weeding as needed.
• Replacement of trees as needed.
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FACT SHEET‐ VEGETATED BUFFER STRIP
VEGETATED BUFFER STRIP
Also know as: Filter Strip, Grassed Filter

DESCRIPTION
Vegetated buffer strips are sloping planted areas designed to allow storm water to naturally
infiltrate sheet flow from adjacent impervious surfaces. Buffer strips slope away from the
impervious surface and are most often vegetated with low lying ground cover. Buffer strips
function by slowing storm water runoff and allowing sediment and other pollutants to settle
and infiltrate. Vegetated buffer strips are well‐suited to addressing runoff from roads and
highways, roof downspouts, and parking lots.
ADVANTAGES
•
•
•
•
•

Provides a tributary area reduction. Calculations to be completed using the Pollution
Prevention Credit Calculator in Appendix C.
Enhances water quality of downstream water bodies through natural processes.
Aesthetically pleasing.
Can establish habitat for birds and other pollinators like butterflies and bees.
Require minimal maintenance (typically erosion prevention, mowing, and/or pruning).
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LIMITATIONS
•
•
•
•
•
•

Requires sufficient area.
Ultimate storm water collection needs to be considered in design.
May not be appropriate for industrial sites or locations where chemical spills may occur.
A thick vegetative cover is needed for these practices to function properly.
Prohibited in areas of known contamination. If soil and/or groundwater contamination
is present on the site or within a 100’ radius of the proposed location, the North Coast
Regional Water Quality Control Board review and approval is required.
Not appropriate for sites with a high risk of landslides or other geotechnical concerns.
Slope stability shall be determined by a licensed Geotechnical Engineer.

KEY DESIGN FEATURES
•
•
•
•
•
•

Slopes should not exceed 15%.
Slope shall be at least 2%.
Minimum length (in direction of flow) shall be 15 feet.
Strip shall be sized as long as the site will reasonably allow.
Vegetation whose growing season corresponds to the wet season is preferred (see
Appendix A for list of locally suitable plant species).
Strip shall be free of gullies or rills.

INSPECTION AND MAINTENANCE REQUIREMENTS
A maintenance plan shall be provided with the Final SUSMP. The maintenance plan shall
include; recommended maintenance practices, parties responsible for maintenance and
upkeep, specify the funding source for ongoing maintenance with provisions for full
replacement when necessary, and provide site specific inspection checklist.
At a minimum inspection and maintenance shall include the following:
• Mow as needed and irrigate during dry weather to the extent necessary to keep
vegetation alive. Remove obstructions and trash from vegetated buffer strip.
• Pesticides and fertilizers shall not be used in the vegetated buffer strip.
• Where mowing is required, grass height shall be maintained between 3” and 6”.
Vegetated buffer strips shall be inspected and maintained twice a year to review:
• Condition of vegetation.
• Obstructions and trash.
• Ponded flow is drained within 72 hours after a rainfall event.
• If ponding is observed, grading will be required to restore positive drainage.
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Rainy Season (RS)

After‐rainy Season (ARS)

A‐35

Inspection
Category

Is the flow into the buffer strip
even and uniform?

Is there poor drainage during a
high intensity storm event?

Is there standing or pooling of
water after 3 days of dry
weather?

Maintenance Issue
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RS

PRS
RS
ARS

RS

When to
Inspect

Is the Issue
Present?

• Remove any obstruction preventing a
uniform flow into the buffer strip.

• Clean and/or remove any obstructions
in and around the storm drain inlet.

• Remove any obstruction in the buffer
strip and/or regrade to restore
positive drainage.
• Clean and/or remove any obstructions
in and around the storm drain inlet.

Require Maintenance

completed and if needed maintenance was
not conducted, note when it will be done)

Comments (Describe maintenance

This Inspection and Maintenance Checklist is to be used in conjunction with its corresponding LID Factsheet and Maintenance Plan. Please review
these documents before performing the field inspection.

Type of Inspection:

Pre‐rainy Season (PRS)

Inspector(s):
BMP ID #:
Property Owner:

Inspection and Maintenance Checklist
(aka: Filter Strip, Grassed Filter)

Location Description:

Date of Inspection:

VEGETATED BUFFER STRIP‐ CHECKLIST

Vegetated Buffer Strip

Drainage

A‐36

Inspection
Category

Erosion

Is there evidence of animal
activity such as holes or dirt
mounds from digging or
borrowing?

Are there voids and/or holes
around the storm drain inlet?

Is the mulch unevenly
distributed in the buffer strip
area?

Is there accumulation of
sediment (sand, dirt, mud) in
the buffer strip?

Is there channelization (gully)
forming along the length of the
buffer strip area?

Is there evidence of under
cutting or washouts along the
impervious surfaces of the
buffer strip?

Maintenance Issue

Is the Issue
Present?

Low Impact Development Technical Design Manual

PRS
RS
ARS

PRS
RS
ARS

PRS
RS
ARS

RS
ARS

RS
ARS

RS
ARS

When to
Inspect

• Inspect the storm drain inlet for
damage. Replace or repair as
necessary.
• Fill in eroded areas and regrade.
• Repair and fill in damaged areas.
• Rodent control activities must be in
accordance with applicable laws
and do not affect any protected
species.

• Regrade buffer strip area.

• Redistribute and add additional
mulch if needed.

• Remove sediment and check the
grading. Add replacement soil and
or mulch.

• Fill in eroded areas and regrade.

• Fill in eroded areas and regrade.

Require Maintenance

and if needed maintenance was not conducted,
note when it will be done)

Comments (Describe maintenance completed

VEGETATED BUFFER STRIP‐ CHECKLIST
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Inspection
Category

Vegetation

Is the vegetation over grown?

Are there dead or dry
plants/weeds?

Is the mulch distributed
evenly throughout the buffer
strip?

Is the vegetation clogging or
redirecting the inlet/outlet
flow areas?

Maintenance Issue

City of Santa Rosa and County of Sonoma

PRS
RS
ARS
PRS
RS
ARS

PRS
RS
ARS

When to
Inspect

Is the Issue
Present?

• Redistribute and add additional
mulch if needed.
• Regrade buffer strip area.
• Remove dead and/or dry
vegetation. Replace as needed.
• Remove or trim any vegetation that
is causing a visual barrier, trip, and
or obstruction hazards.
• Mow grass as needed.

• Trim and/or remove the excess
vegetation.

Require Maintenance

and if needed maintenance was not conducted,
note when it will be done)

Comments (Describe maintenance completed

VEGETATED BUFFER STRIP‐ CHECKLIST
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Inspection
Category

BMP General

Check for damaged sidewalk,
curb, gutter, and catch basin.
This includes uplift and settling.

Are the aesthetic features
firmly secured in place?

Is the vegetation irrigation
functional?

Are there missing or disturbed
aesthetics features?

Is Graffiti present?

Is there debris/trash in the
buffer strip area?

Maintenance Issue
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PRS
RS
ARS
PRS
RS
ARS

PRS
RS
ARS

PRS
RS
ARS
PRS
RS
ARS
PRS
RS
ARS

When to
Inspect

Is the Issue
Present?

• Remove and replace damaged
areas.

• Replace and/or reposition
aesthetics features to original
placement.
• Placement should not disrupt flow
characteristics/design.
• Repaired broken missing spray/drip
emitters.
• Reposition and/or adjust to
eliminate over spray and/or over
watering.
• Repair and/or replace loose or
damaged features.

• Remove all graffiti from the area.

• Remove all trash and debris.

Require Maintenance

and if needed maintenance was not conducted,
note when it will be done)

Comments (Describe maintenance completed

VEGETATED BUFFER STRIP‐ CHECKLIST

FACT SHEET‐ BOVINE TERRACE
BOVINE TERRACE
Also know as: Terracing, Cow Terraces, and Infiltration Terraces.

DESCRIPTION
Bovine terraces are a low tech option for slowing runoff on slopes and maximizing infiltration
potential. Cows (bovine) walk on contour when they graze on hillsides and create ruts, or
terraces, where they walk. Intentionally replicating this natural occurrence slows runoff,
increases infiltration and prevents erosion.
ADVANTAGES
•
•
•
•
•
•
•
•
•

Provides a tributary area reduction. Calculations to be completed using the Storm Water
Calculator in Appendix C.
Can be used on sloped sites.
Increases infiltration potential.
Increases time of concentration.
Decreases erosion.
Enhances water quality of downstream water bodies through natural processes.
Aesthetically pleasing.
Can establish habitat for birds and other pollinators like butterflies and bees.
Require minimal maintenance.

LIMITATIONS
•
•

Requires sufficient area.
Ultimate storm water collection needs to be considered in design.
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•
•

Prohibited in areas of known contamination. If soil and/or groundwater contamination
is present on the site or within a 100’ radius of the proposed location, the North Coast
Regional Water Quality Control Board review and approval is required.
Not appropriate for sites with a high risk of landslides or other geotechnical concerns.
Slope stability shall be determined by a licensed Geotechnical Engineer.

KEY DESIGN FEATURES
•
•
•
•
•
•
•
•
•
•
•
•

Fill portion of terrace not to exceed 8” high.
Vertical portion of cut not to exceed 2’ high.
Horizontal portion of cut must be at least as wide as vertical portion of cut is high.
For slopes between 4:1 and 2:1 spacing of terraces shall not exceed 15’.
Not to be used on slopes exceeding 2:1.
Terraces must be installed on contour.
Termination of terraces needs to be designed to avoid concentrating flow at edges.
Top portion of each terrace must be adequately constructed to prevent wash out.
Vegetate sufficiently to support slope stability.
Install overflow collection system to accept flow that exceeds design capacity of the
terraces.
Infiltration rate and flow rate must be considered in the design.
Terraces must be designed to eliminate standing water within 72 hours to prevent
mosquito breeding.

INSPECTION AND MAINTENANCE REQUIREMENTS
A maintenance plan shall be provided with the Final SUSMP. The maintenance plan shall include
recommended maintenance practices, designation of parties responsible for maintenance and
upkeep, specify the funding source for ongoing maintenance with provisions for full
replacement when necessary and provide site specific inspection checklist.
At a minimum inspection and maintenance shall include the following:
• Inspect prior to the start and end of the rainy season to repair washouts or remove
excess sediment accumulation.
• Pesticides and fertilizers should be avoided in terraced areas.
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Pre‐rainy Season (PRS)

Rainy Season (RS)

After‐rainy Season (ARS)

A‐42

Inspection
Category

Is there standing or pooling of
water after 3 days of dry
weather?

Maintenance Issue
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RS

When to
Inspect

Is the Issue
Present?

• Fill in and regrade terrace section.

Require Maintenance

and if needed maintenance was not conducted,
note when it will be done)

Comments (Describe maintenance completed

This Inspection and Maintenance Checklist is to be used in conjunction with its corresponding LID Factsheet and Maintenance Plan. Please review
these documents before performing the field inspection.

Type of Inspection:

Location Description:

Date of Inspection:
Inspector(s):
BMP ID #:
Property Owner:

BOVINE TERRACE‐ CHECKLIST

Inspection and Maintenance Checklist
(aka: Terracing, Cow Terrance, Infiltration Terrace)

Bovine Terrace

Drainage
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Inspection
Category

Erosion

Is there channelization (gully)
forming up/down slope of the
terrace section?
Is there accumulation of excess
sediment?
Is there evidence of animal
activity such as holes or dirt
mounds from digging or
borrowing?

RS, ARS

RS, ARS

PRS, RS,
ARS
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Is there evidence of washouts
and/or deep channeling along
the terrace?

Maintenance Issue

PRS, RS,
ARS

When to
Inspect

Is the Issue
Present?

• Repair and fill in damaged areas.
Regrade if needed.
• Rodent/animal control activities
must be in accordance with
applicable laws and do not affect
any protected species.

• Remove sediment and regrade
section.

• Fill in eroded areas, regrade, and
replant slopes.

• Fill in eroded areas and regrade.
• Repair and/or add flow dissipaters
along the terrace.
• Terrace width may need adjusting
for additional capacity.

Require Maintenance

BOVINE TERRACE‐ CHECKLIST
and if needed maintenance was not conducted,
note when it will be done)

Comments (Describe maintenance completed
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Inspection
Category

Vegetation

Are there dead or dry
plants/weeds?

• Remove or trim any vegetation that
is causing a visual barrier hazard.
• Remove any nuance, dangerous
plant species.
• Remove, trim, mow all vegetation
that may present an unusually high
fire hazard.

• Remove the excess vegetation.
• Regrade if needed.

Is there excess vegetation in
the terrace area?

Require Maintenance

• Trim and/or remove the excess
vegetation to establish a uniform
flow.

Is the Issue
Present?

Is the vegetation
concentrating the flow to a
portion of the terrace?

Maintenance Issue
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ARS, PRS

PRS, RS,
ARS

PRS,
RS,ARS

When to
Inspect

BOVINE TERRACE‐ CHECKLIST
and if needed maintenance was not conducted,
note when it will be done)

Comments (Describe maintenance completed
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Inspection
Category

BMP General

Are the aesthetic features in
good condition and firmly
secured?
Are the signage, fencing in
place and in good condition?

PRS, RS,
ARS

PRS, RS,
ARS
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Is the vegetation irrigation
functional?

PRS, RS,
ARS

Are there missing or disturbed
aesthetics features?

PRS, RS,
ARS

Are there mosquitoes present?

Is the surrounding area
marked with graffiti?

PRS, RS,
ARS

PRS, RS,
ARS

Is trash/debris present?

Maintenance Issue

PRS, RS,
ARS

When to
Inspect

Is the Issue
Present?

• Replace/repair signage and fencing.
• Add additional barriers signage to
block access to hazardous areas.

• Repaired broken missing spray/drip
emitters.
• Reposition to eliminate over spray
and/or over watering.
• Repair and/or replace loose or
damaged features.

• Replace and/or reposition
aesthetics features to original
placement.
• Placement should not disrupt flow
characteristics/design.
• Contact vector control.

• Remove all graffiti from the area.

• Remove all trash and debris.

Require Maintenance

BOVINE TERRACE‐ CHECKLIST
and if needed maintenance was not conducted,
note when it will be done)

Comments (Describe maintenance completed

FAC
CT SHEEET‐ IMP
PERVIO
OUS AR
REA DISSCONN
NECTIO
ON
IMPER
RVIOUS AREA DISC
CONNECTTION
Includingg: splash bloccks, rain chaains, bubble up emitters, and pavem
ment disconn
nection.

OVERVIEEW
Impervio
ous area discconnection allows
a
storm
m water from
m imperviouss areas, such
h as rooftopss and
pavemen
nt, to be dirrected to peervious natural or landsscaped areass and infiltraate into thee soil.
Impervio
ous surfaces that drain directly
d
to caatch basins or
o storm draains are a directly conneected
impervio
ous area. Th
hese areas prevent storm
m water infiiltration into
o the soil or filtering thrrough
vegetatio
on and soil. Impervious areas also in
ncrease the speed and amount
a
of ru
unoff from a site,
which maay contributte to peak flows and sco
our in downsstream creeks and wateerways. This BMP
addressees these issu
ues by disco
onnecting diirect discharrges by usin
ng: splash blocks, bubble‐up
emitter, and paved area
a
disconn
nection.
SPLA
ASH BLOCK DESCRIPTION
D
N
Splassh blocks aree a low tech
h option to hard
h
piped downspout
d
systems. Existing
down
nspouts can be retrofitted using splash blocks.
ADVANTTAGES
•
•

Can be used
d as part of
o a treatm
ment train with
w
volumee
caapture BMPs.
Can reduce the size of do
ownstream water qualitty treatment
and volume capture BM
MPs by increeasing the potential
p
fo
or
nfiltration.
in
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FAC
CT SHEEET‐ IMP
PERVIO
OUS AR
REA DISSCONN
NECTIO
ON
•
•

Can be used as
a a retrofit BMP.
Can be used to
t direct storm water to
o other BMPss

LIMITATIIONS
•
•

Adjacent buildings and ovverflow requ
A
uirements need to be co
onsidered in design.
M not be appropriate on
May
o all sites due
d to space constraints.

KEY DESIIGN FEATUR
RES
•
•
•
•

Siites should be
b evaluated
d to ensure that
t
splash blocks
b
won’tt have negattive impacts..
Rain water must
m be direccted away fro
om foundatiions and foo
otings.
D
Downspouts
should not be
b directed to
t paved areeas or acrosss sidewalks.
Laandscaped areas
a
receiving roof watter should be
b adequately sized to prevent
p
runo
off or
erosion.

BUBBLE‐‐UP EMITTER
R DESCRIPTION
Bubble‐u
up emitters work
w
very much
m
like splaash blocks, but
b allow for storm wateer to be releeased
further from
f
the bu
uilding and even
e
in land
dscape areaas that are not directly adjacent to
o the
building.
ADVANTTAGES
•
•
•
•

Can be used
d as part off a treatmeent train with
vo
olume captu
ure BMPs.
Can reduce the
t size of downstream
d
water quality
trreatment an
nd volume caapture BMPss by increasing
th
he potential for infiltratiion.
Can be used as
a a retrofit BMP.
Can be used to
t direct storm water to
o other BMPss

LIMITATIIONS
•
•

Adjacent buildings and ovverflow requ
A
uirements need to be co
onsidered in design.
M not be appropriate on
May
o all sites due
d to space constraints.

KEY DESIIGN FEATUR
RES
•
•
•

m be direccted away fro
om foundatiions and foo
otings.
Rain water must
D
Downspouts
should not be
b directed to
t paved areeas or acrosss sidewalks.
4” diameter SDR‐35
S
pipe required as a minimum
m.
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FAC
CT SHEEET‐ IMP
PERVIO
OUS AR
REA DISSCONN
NECTIO
ON
•
•
•
•
•

Distance and location of emitter relaative to the building
D
b
musst be approvved by a Liceensed
G
Geotechnical
Engineer.
Laandscaped areas
a
receiving roof watter should be
b adequately sized to prevent
p
runo
off or
erosion.
Laandscaped areas
a
receiving roof watter need to be designed
d to ensure proper draiinage
and to preven
nt ponding water.
w
emitter to allow
M be installed with a bottomless
May
b
a
fo
or infiltration. Bottom of
o emitter should be placed
over drain rock to preven
nt sedimentaation of pipee.
Emitter should be equipped with “p
pop up” coveer to
quito breeding.
prevent mosq

A
DISCON
NNECTION DESCRIPTION
D
N
PAVED AREA
Paved arreas that can be graded
d so that th
hey drain on
nto perviouss area, such as landscap
pe or
natural area
a
can incrrease the op
pportunity fo
or infiltratio
on and minim
mize the sizee of downstream
treatmen
nt.
ADVANTTAGES
•
•

Can be used as part of a treatment train with
other BMPs.
ownstream treatment
Can reduce the size of do
and volume capture BM
MPs by increeasing the
potential for infiltration.

LIMITATIIONS
•
•
•
•

Areas receiviing flow neeed to be adequately
A
a
siized and stabilized.
M be limited by site slopes.
May
O
Overflow
drainage must be provided.
M not be appropriate on
May
o all sites.

KEY DESIIGN FEATUR
RES
•
•
•

m be direccted away fro
om foundatiions and foo
otings.
Rain water must
a
receiviing storm waater should be adequateely sized to prevent
p
runo
off or
Laandscaped areas
erosion.
Laandscaped areas
a
receiving roof watter need to be designed
d to ensure proper draiinage
and to preven
nt ponding water.
w
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Pre‐rainy Season (PRS)

Rainy Season (RS)

After‐rainy Season (ARS)

A‐50

Inspection
Category

Is there excessive
splashing/spray?
Are the house/building gutters
overflowing during a rain
event?

RS

RS

City of Santa Rosa and County of Sonoma

Is there standing or pooling of
water after 3 days of dry
weather?

Maintenance Issue

RS

When to
Inspect

Is the Issue
Present?

• Check gutter down spout and gutter
for obstructions. Clean if necessary.

• Flush bubble up pipe to remove any
obstructions.

• Reposition splash block or dissipater
to reduce or eliminate splash/spray.

• Regrade drainage area.
• Reposition splash block.
• Clean inlets/outlets of obstructions.

Require Maintenance

completed and if needed maintenance was
not conducted, note when it will be done)

Comments (Describe maintenance

This Inspection and Maintenance Checklist is to be usde in conjunction with its corresponding LID Factsheet and Maintenance Plan. Please review
these documents before performing the field inspection.

Type of Inspection:

Location Description:

(aka: splash blocks, rain chains, bubble up emitters and pavement disconnection)

Inspection and Maintenance Checklist

Date of Inspection:
Inspector(s):
BMP ID #:
Property Owner:

IMPERVIOUS AREA DISCONNECTION‐ CHECKLIST

Impervious Area Disconnection

Drainage

A‐51

Inspection
Category

Erosion

Are there voids or holes along
the path of the bubble up pipe
or excess sediment in and
around the bubble up outlet?

Is there accumulation of
sediment (sand, dirt, mud) in
the inlets/outlets areas?

Is there channelization (gully)
forming around the bubble
ups?

Is there evidence of under
cutting or washouts around
splash block/dissipater?

Maintenance Issue
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RS
ARS

RS
ARS

RS
ARS

RS
ARS

When to
Inspect

Is the Issue
Present?

• Flush and inspect pipe for damage.
• Replace damage pipe, fill in voids,
and regrade.

• Remove sediment and check the
grading.

• Fill in eroded areas and regrade.

• Reposition the inlet splash block or
dissipater.
• Fill in eroded areas and regrade.

Require Maintenance

and if needed maintenance was not conducted,
note when it will be done)

Comments (Describe maintenance completed

IMPERVIOUS AREA DISCONNECTION‐ CHECKLIST

A‐52

Inspection
Category

Vegetation

Are there dead or dry
plants/weeds?

Is the mulch spread evenly
throughout the vegetation
area?

Is the vegetation clogging the
Inlet/outlet areas?

Maintenance Issue
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PRS
RS
ARS
PRS
RS
ARS

PRS
RS
ARS

When to
Inspect

Is the Issue
Present?

• Redistribute and add additional
mulch if needed.
• Regrade vegetation area.
• Remove dead and/or dry
vegetation. Replace as needed.
• Remove or trim any vegetation that
is causing a visual barrier hazard.

• Trim and/or remove the excess
vegetation around the inlet/outlet
areas.

Require Maintenance

and if needed maintenance was not conducted,
note when it will be done)

Comments (Describe maintenance completed

IMPERVIOUS AREA DISCONNECTION‐ CHECKLIST

A‐53

Inspection
Category

BMP General

Are the aesthetic features
firmly secured in placed?

Is the vegetation irrigation
functional?

Check for broken or damage
drain inlets/outlets, splash
blocks, bubble ups, and grates.

Are there missing or disturbed
aesthetics features?

Is the surrounding area
marked with graffiti?

Is there debris/trash in the
area?

Maintenance Issue
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PRS
RS
ARS

PRS
RS
ARS

PRS
RS
ARS

PRS
RS
ARS
PRS
RS
ARS
PRS
RS
ARS

When to
Inspect

Is the Issue
Present?

• Repaired broken missing spray/drip
emitters.
• Reposition to eliminate over spray
and/or over watering.
• Repair and/or replace loose or
damaged features.

• Replace and/or reposition aesthetic
features to original placement.
• Placement should not disrupt flow
characteristics/design.
• Replace or repair all damaged
features.

• Remove all graffiti from the area.

• Remove all trash and debris.

Require Maintenance

and if needed maintenance was not conducted,
note when it will be done)

Comments (Describe maintenance completed

IMPERVIOUS AREA DISCONNECTION‐ CHECKLIST

FACT SHEET‐ RAIN GARDEN
RAIN GARDEN
Also know as: Bioretention cell, infiltration planter

DESCRIPTION
Rain Gardens function as a soil and plant‐based filtration and infiltration feature that remove
pollutants through a variety of natural physical, biological, and chemical treatment processes.
Rain gardens are usually installed in yards or common open areas to treat storm water from
rooftops and parking lots.
ADVANTAGES
•
•
•
•

Provides both water quality treatment and volume capture.
Provides storm water treatment that enhances water quality of downstream water
bodies through natural processes.
Vegetation provides shade and wind breaks, absorbs noise, reduces heat island effects
and adds to an area's landscape features.
Establishes habitat for birds and attracts pollinators like butterflies and bees.

LIMITATIONS
•
•

Most effective if installed flat to promote infiltration.
Prohibited in areas of known soil and/or groundwater contamination. If soil and/or
groundwater contamination is present on the site or within a 100’ radius of the
proposed location, the North Coast Regional Board review and approval is required.
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FACT SHEET‐ RAIN GARDEN
•

•
•

Should not be used in areas of high ground water. A minimum of 2’ of clearance needs
to be provided between the bottom of the BMP and the seasonal high ground water
level. If ground water is less than 2’ from the bottom, additional design elements may
be necessary (impermeable liner, subdrains, etc).
Do not use in areas of slope instability where infiltrated storm water may cause failure.
Slope stability shall be determined by a licensed Geotechnical Engineer.
Do not use in locations that can negatively impact building foundation or footings.
Location shall be approved by a licensed Geotechnical Engineer.

KEY DESIGN FEATURES
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Native soil shall remain uncompacted to preserve infiltration capacity. Fence off during
construction.
Bottom of rain garden should be unlined to allow infiltration into native soil.
If present, structural soil shall be installed as described in Reference Document E.
For rain garden that adjoin pavement or utility trenches, moisture barrier shall be
installed to protect road sub‐base and any trenches.
Use plants from the approved plant and tree list included in Appendix M.
Devise vegetation that is both wet and dry tolerant is required.
Design to achieve 51% cover.
Install a designated high flow bypass inlet for storms larger than the design storm. See
“Sizing Design” below.
If required, perforated pipe shall be a minimum of SDR 35 plastic and installed in
straight runs.
Volume below the perforated pipe must be sufficient to hold and infiltrate the design
volume.
Surface ponding depth shall range between 6” and 12”.
Must be designed to prevent extended standing water. All surface water must drain
within 72 hours to prevent mosquito breeding.
Select non‐floatable surface mulching material to prevent clogging of downstream
inlets.
Direct downspouts into rain gardens and incorporate splash blocks and/or other
dissipation methods to prevent erosion.

SIZING DESIGN‐ GOAL AND REQUIREMENTS
•

•

The design goal for all rain gardens is to capture (infiltration and/or reuse) 100% of the
volume of runoff generated by the 85th percentile 24 hour storm event. This is a
retention requirement. If 100% volume capture is achieved than no additional
treatment is required.
If the design goal is not achievable, then the bioretention area sizing requirement is:
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FACT SHEET‐ RAIN GARDEN

•

o Water Quality Treatment of 100% of the flow generated by the 85th percentile
24 hour storm event, as calculated using the Rational Method and a known
intensity of 0.92 inches per hour, and
o Volume Capture (infiltration and/or reuse) of the increase in volume of storm
water due to development generated by the 85th percentile 24 hour storm
event. This is a retention requirement.
All calculations shall be completed using the “Storm Water Calculator” available at
www.srcity.org/stormwaterLID.

Inspection and Maintenance Requirements
A maintenance plan shall be provided with the Final SUSMP. The maintenance plan shall include
recommended maintenance practices, state the parties responsible for maintenance and
upkeep, specify the funding source for ongoing maintenance with provisions for full
replacement when necessary and provide site specific inspection checklist.
At a minimum inspection and maintenance shall include the following:
• Inspect twice annually and prior to rain events for blocked or clogged inlets, eroded
areas, sedimentation and trash or debris accumulation.
• Obstructions and trash shall be removed and properly disposed of.
• Inspect twice during the rainy season for ponded water.
• If ponded water is observed, the first few inches of topsoil should be removed and
replaced. If ponded water is still present, further grading and replacement may be
necessary to prevent mosquito breeding.
• Pesticides and fertilizers shall not be used in the rain garden area. Non floatable mulch
should be instead.
• Plants should be pruned, weeds pulled and dead plants replaced as needed.
• Observe level and condition of mulch. Add to, re‐grade or replace as needed (non‐
floatable mulch required).
• Confirm slash blocks, or other dissipation method, exist to direct downspouts into rain
garden. Readjust location if needed. Replace if necessary.
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Rainy Season (RS)

After‐rainy Season (ARS)

Inspection
Category

A‐57

Maintenance Issue

Is the flow into the Rain Garden
even and uniform?

Is there poor drainage during a
high intensity storm event?

Is there standing or pooling of
water in the Rain Garden area
after 3 days of dry weather?

City of Santa Rosa and County of Sonoma

* If perforated pipe is present.

RS

RS

RS

When to
Inspect

Is the Issue
Present?

•
•

•

Remove any obstruction preventing a
uniform flow into the swale.
Regrade up slope if necessary.
Reposition splash block/dissipater.

• Clean the high flow bypass inlet and pipe.

• Check perforated pipe outlet for
obstruction or damage. *
• Flush perforated pipe to remove
obstructions/sediment. *
• Remove and replace the first few inches of
topsoil.
• Remove soil and inspect perforated pipe.
Repair or replace perforated pipe, replace
with new soil and regrade.

Require Maintenance

completed and if needed maintenance was
not conducted, note when it will be done)

Comments (Describe maintenance

This Inspection and Maintenance Checklist is to be used in conjunction with its corresponding LID Factsheet and Maintenance Plan. Please review
these documents before performing the field inspection.

Type of Inspection:

Pre‐rainy Season (PRS)

Inspector(s):
BMP ID #:
Property Owner:

Inspection and Maintenance Checklist
(aka: Bioretention Cell, Infiltration Planter)

Location Description:

Date of Inspection:

RAIN GARDEN ‐ CHECKLIST

Rain Garden

Drainage

Inspection
Category

PRS
RS
ARS

PRS
RS
ARS

PRS
RS
ARS

RS
ARS

RS
ARS

RS
ARS

When to
Inspect
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Maintenance Issue

Is there evidence of animal
activity such as holes or dirt
mounds from digging or
borrowing?

Is there sediment present in the
catch basin and in the overflow
pipe?

Are there voids or deep holes
present?

Is the mulch unevenly
distributed in the Rain Garden
area?

Is there accumulation of
sediment (sand, dirt, mud) in
the Rain Garden?

Is there channelization (gully)
forming along the length of the
Rain Garden area?

Low Impact Development Technical Design Manual

Is the Issue
Present?

• Repair and fill in damage areas.
• Rodent control activities must be in
accordance with applicable laws
and do not affect any protected
species.

• Check perforated pipe outlet for
damage. *

• Regrade planter area.

• Redistribute and add additional
mulch if needed.

• Remove sediment and check the
grading. Add replacement soil
and/or mulch.

• Fill in eroded areas and regrade.

• Fill in eroded areas and regrade.
• Reposition splash block/dissipater.

Require Maintenance

RAIN GARDEN ‐ CHECKLIST

Is there under cutting or
washouts around the splash
blocks or dissipaters?

* If perforated pipe is present.

Erosion

and if needed maintenance was not conducted,
note when it will be done)

Comments (Describe maintenance completed

A‐59

Inspection
Category

Vegetation

Is the vegetation over grown?

Are there dead or dry
plants/weeds?

Is the mulch evenly
distributed throughout the
area?

Is the vegetation clogging or
diverting the input flow areas?

Maintenance Issue
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PRS
RS
ARS
PRS
RS
ARS
PRS
RS
ARS

When to
Inspect

Is the Issue
Present?

• Redistribute and add additional
mulch if needed.
• Regrade planter area.
• Remove dead and/or dry
vegetation. Replace as needed.
• Remove or trim any vegetation that
is causing a visual barrier, trip,
and/or obstruction hazard.

• Trim and /or remove the excess
vegetation.

Require Maintenance

RAIN GARDEN ‐ CHECKLIST
and if needed maintenance was not conducted,
note when it will be done)

Comments (Describe maintenance completed
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Inspection
Category

BMP General

Are the aesthetic features
firmly secured in place?

Is the vegetation irrigation
functional?

Are there missing or disturbed
aesthetic features?

Is Graffiti present?

Is there debris/trash in the
Rain Garden area?

Maintenance Issue
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PRS
RS
ARS

PRS
RS
ARS

PRS
RS
ARS

ARS

PRS
RS

ARS

PRS
RS

When to
Inspect

Is the Issue
Present?

• Replace and/or reposition aesthetic
features to original placement.
• Placement should not disrupt flow
characteristics/design.
• Repaired broken missing spray/drip
emitters.
• Reposition and/or adjust to
eliminate over spray and/or over
watering.
• Repair and/or replace loose or
damaged features.

• Remove all graffiti from the area.

• Remove all trash and debris.

Require Maintenance

RAIN GARDEN ‐ CHECKLIST
and if needed maintenance was not conducted,
note when it will be done)

Comments (Describe maintenance completed

FACT SHEET‐ BIORETENTION
BIORETENTION
Also know as: Street rain garden, roadside bioretention, and bioretention cell

DESCRIPTION
The bioretention area best management practice (BMP) functions as a soil and plant‐based
filtration and infiltration feature that removes pollutants through a variety of natural physical,
biological, and chemical treatment processes.
ADVANTAGES
•
•
•
•
•
•

Achieves both water quality and volume capture objectives.
Bioretention areas provide storm water treatment that enhances the quality of
downstream water bodies by using natural processes.
The vegetation provides shade and wind breaks, absorbs noise, reduces heat island
effects and improves an area's landscape.
Bioretention provides habitat for birds and attracts other pollinators like butterflies and
bees.
Does not interrupt utility installation.
Does not interfere with tree planting.
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FACT SHEET‐ BIORETENTION
LIMITATIONS
•
•

•
•
•

Bioretention is not recommended for areas where street slopes exceed 10%.
Should not be used in areas of known contamination. If soil and/or groundwater
contamination is present on the site or within a 100’ radius of the proposed BMP location,
the North Coast Regional Water Quality Control Board will need to be contacted and the
site reviewed.
Should not be used in areas of high groundwater. In general a minimum of 2’ of clearance
should be provided between the bottom of the bioretention cell and seasonal high
groundwater.
Should not be used in areas of slope instability where infiltrated storm water may cause
failure. Slope stability should be determined by a licensed geotechnical engineer.
Do not use in locations that can negatively impact building foundation or footings. Location
shall be approved by a licensed Geotechnical Engineer.

KEY DESIGN FEATURES
ALL BIORETENTION
•
•
•

•
•
•
•
•
•
•
•

Structural soil should be used within the bioretention area requiring load bearing
capacity (adjacent to roadways and/or buildings.)
Structural soil shall be installed as described in Reference Document E.
Some BMPs may not require the use of structural soil and a more organic type planting
soil and/or treatment media may be used in its place. It may be possible in some cases
to use native soil or to amend the native soil so that it is suitable. Use of non‐structural
soil will depend on evaluation of the criteria in “Chapter 4‐Site Assessment” as well as
consideration of structural needs and may require evaluation by a licensed Geotechnical
Engineer.
Native soil should remain uncompacted to preserve infiltration capacity. Fence off the
area during construction to protect it from compaction.
Bottom of bioretention should be unlined to allow infiltration into native soil.
Moisture barrier must be installed to protect road sub‐base and any trenches adjacent
to the bioretention area.
If used, pervious concrete shall be designed and installed as described in Appendix G.
If used, porous gutter must be protected during construction to prevent sediment
loading.
If the porous gutter design option is used additional trash and sediment capture BMPs
may be required
A curb opening type design may be used in place of a porous gutter if appropriate for
the project.
Bioretention areas shall be planted with plants from the approved plant and tree list
included in Appendix F and shall be planted to achieve 51% cover.
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FACT SHEET‐ BIORETENTION
•
•
•
•

All bioretention areas shall be designed with a designated high flow bypass inlet for
storms larger than the design storm.
6” perforated pipe to be installed at a depth of 6” below road structural section.
Perforated pipe shall be installed in straight runs.
The volume below the perforated pipe must be sufficient to hold and infiltrate the
design volume.

SIZING DESIGN‐ GOAL AND REQUIREMENTS
•

•

•

The design goal for all bioretention areas is to capture (infiltration and/or reuse) 100%
of the volume of runoff generated by the 85th percentile 24 hour storm event. This is a
retention requirement. If 100% volume capture is achieved than no additional
treatment is required.
If the design goal is not achievable, then the bioretention area sizing requirement is:
o Water Quality Treatment of 100% of the flow generated by the 85th percentile
24 hour storm event, as calculated using the Rational Method and a known
intensity of 0.20 inches per hour, and
o Volume Capture (infiltration and/or reuse) of the increase in volume of storm
water due to development generated by the 85th percentile 24 hour storm
event. This is a retention requirement.
All calculations shall be completed using the “Storm Water Calculator” available at
www.srcity.org/stormwaterLID.

INSPECTION AND MAINTENANCE REQUIREMENTS
A maintenance plan shall be provided with the Final SUSMP. The maintenance plan shall include
recommended maintenance practices, state the parties responsible for maintenance and
upkeep, specify the funding source for ongoing maintenance with provisions for full
replacement when necessary and provide site specific inspection checklist.
At a minimum maintenance shall include the following:
• Dry street sweeping upon completion of construction
• Dry street sweeping annually, and
o When water is observed flowing in the gutter during a low intensity storm.
o Algae is observed in the gutter.
o Sediment/debris covers 1/3 of the gutter width or more.
• Inspect twice annually for sedimentation and trash accumulation in the gutter.
Obstructions and trash shall be removed and properly disposed of.
• Inspect twice during the rainy season for ponded water.
• Pesticides and fertilizers shall not be used in the bioretention area.
• Plants should be pruned, weeds pulled and dead plants replaced as needed.
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Rainy Season (RS)

After‐rainy Season (ARS)

Inspection
Category

A‐67

Maintenance Issue

Is there water flowing in the
pervious concrete gutter section
during a low intensity storm? *

Is there sediment visible in the
gutter?

Is water not draining into catch
basin from the overflow pipe
during a high intensity storm? *

Is there standing or pooling of
water in the Bioretention area
after 3 days of dry weather?

City of Santa Rosa and County of Sonoma

* If perforated pipe is present.

RS

PRS
RS
ARS

RS

When to
Inspect

Is the Issue
Present?

• In wet weather, use a Vactor truck to
clean gutter pan.

• In dry weather, use a mechanical sweeper
or a Vactor truck to clean gutter pan.

• Check perforated pipe outlet for
obstruction or damage. *
• Flush perforated pipe to remove
obstructions/sediment. *
• Remove and replace the first few inches of
topsoil.
• Remove soil and inspect perforated pipe.
Repair or replace perforated pipe, replace
with new soil and regrade.

Require Maintenance

completed and if needed maintenance was
not conducted, note when it will be done)

Comments (Describe maintenance

This Inspection and Maintenance Checklist is to be used in conjunction with its corresponding LID Factsheet and Maintenance Plan. Please review
these documents before performing the field inspection.

Type of Inspection:

Pre‐rainy Season (PRS)

Inspector(s):
BMP ID #:
Property Owner:

Inspection and Maintenance Checklist
(aka: Street Rain Garden, Roadside Bioretention, Bioretention Cell)

Location Description:

Date of Inspection:

PLANTER STRIP BIORETENTION‐ CHECKLIST

Planter Strip Bioretention

Drainage

Inspection
Category

PRS
RS
ARS

PRS
RS
ARS

PRS
RS
ARS

RS
ARS

RS
ARS

RS
ARS

When to
Inspect
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Maintenance Issue

Is there evidence of animal
activity such as holes or dirt
mounds from digging or
borrowing?

Is there sediment present in the
catch basin and in the overflow
pipe?

Are there voids or deep holes
present?

Is the mulch unevenly
distributed in the planter area?

Is there accumulation of
sediment (sand, dirt, mud) in
the planter?

Is there channelization (gully)
forming along the length of the
planter area?

City of Santa Rosa and County of Sonoma

Is the Issue
Present?

• Repair and fill in damage areas.
• Rodent control activities must be in
accordance with applicable laws
and do not affect any protected
species.

• Check the perforated pipe for
damage.*

• Regrade planter area.

• Redistribute and add additional
mulch if needed.

• Remove sediment and check the
grading. Add replacement soil
and/or mulch.

• Fill in eroded areas and regrade.

• Fill in eroded areas and regrade.

Require Maintenance

and if needed maintenance was not conducted,
note when it will be done)

Comments (Describe maintenance completed

PLANTER STRIP BIORETENTION‐ CHECKLIST

Is there under cutting or
washouts along the sidewalks
and/or curbs abutting the
planter strip?

* If perforated pipe is present.

Erosion
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Inspection
Category

Vegetation

Is the vegetation over grown?

Are there dead or dry
plants/weeds?

Is the mulch distributed
evenly throughout the planter
area?

Is the vegetation clogging the
inlet flow areas?

Maintenance Issue
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PRS
RS
ARS
PRS
RS
ARS
PRS
RS
ARS

When to
Inspect

Is the Issue
Present?

• Redistribute and add additional
mulch if needed.
• Regrade planter area.
• Remove dead and/or dry
vegetation. Replace as needed.
• Remove or trim any vegetation that
is causing a visual barrier, trip, and
or obstruction hazard.

• Trim and/or remove the excess
vegetation.

Require Maintenance

and if needed maintenance was not conducted,
note when it will be done)

Comments (Describe maintenance completed

PLANTER STRIP BIORETENTION‐ CHECKLIST
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Inspection
Category

BMP General

Check for damage sidewalk,
curb, gutter, and catch basin
including uplift and settling.

Are the aesthetic features
firmly secured in placed?

Is the vegetation irrigation
functional?

Are there missing or disturbed
aesthetics features?

Is graffiti present?

Is there debris/trash in the
planter area?

Maintenance Issue
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PRS
RS
ARS
PRS
RS
ARS

PRS
RS
ARS

PRS
RS
ARS
PRS
RS
ARS
PRS
RS
ARS

When to
Inspect

Is the Issue
Present?

• Remove and replace damaged
areas.

• Replace and/or reposition
aesthetics features to original
placement.
• Placement should not disrupt flow
characteristics/design.
• Repaired broken missing spray/drip
emitters.
• Reposition and/or adjust to
eliminate over spray and/or over
watering.
• Repair and/or replace loose or
damage features.

• Remove all graffiti from the area.

• Remove all trash and debris.

Require Maintenance

and if needed maintenance was not conducted,
note when it will be done)

Comments (Describe maintenance completed

PLANTER STRIP BIORETENTION‐ CHECKLIST

FACT SHEET‐ CONSTRUCTED WETLANDS
CONSTRUCTED WETLAND
Also know as: Artificial Wetlands

DESCRIPTION
Constructed wetlands are designed to mimic natural wetlands with varied depth pools and
wetland plants. Constructed wetlands remove pollutants through a variety of natural physical,
biological, and chemical treatment processes. They retain storm water and allow it to infiltrate
and evapotranspirate while allowing pollutants to settle out and provide habitat.
ADVANTAGES
•
•
•
•
•
•

Provides both water quality treatment and volume capture.
Provides storm water treatment that enhances water quality of
downstream water bodies through natural processes.
Aesthetically pleasing.
Can provide recreation and educational information to the
public.
Vegetation provides shade and wind breaks, absorbs noise,
reduces heat island effects and adds to an area's landscape
features.
Establishes habitat for birds, amphibians, dragonflies, and
pollinators like butterflies and bees.
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FACT SHEET‐ CONSTRUCTED WETLANDS
LIMITATIONS
•
•
•

Requires sufficient area.
Prohibited in areas of known contamination. If soil and/or groundwater contamination is
present on the site or within a 100’ radius of the proposed location, the Regional Board
review and approval is required.
Do not use in areas of slope instability where infiltrated storm water may cause failure.
Slope stability shall be determined by a licensed Geotechnical Engineer.

KEY DESIGN FEATURES
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Compartmentalization and variation in pool size and depth recommended.
20’ maximum distance across wetland if only accessible from all weather access road on
one side.
Perimeter all weather access road required if wetland is greater than 20’ wide. Roads
should be located as close to the shoreline as possible.
40’ maximum distance across wetland.
Design for water depth over 1’. Preferably 3’‐4’ with plant free areas over 5’ in depth.
50% or less overall vegetative cover.
25% of vegetation should be maintained as isolated islands away from the ponds perimeter.
Raised planting beds to limit and narrow vegetated zones.
1%‐5% slope recommended along bottom of wetland for dewatering, maintenance, and
mosquito control.
2.5:1 to 4:1 bank slope recommended to limit vegetation growth and ensure access.
4:1 max bank slope to allow access for mowing and sampling.
Peripheral vegetation zones should be less than 3’ wide or minimum required for wildlife.
Design to maximize spread and movement of water in wetland.
Design to allow for complete dewatering of wetland for maintenance and mosquito control.
Include an access ramp to basin floor for maintenance equipment.
Concrete liners in shallow areas to discourage vegetation where not necessary.
Design and necessary approvals to drain wetland completely when needed (Salinas – Outlet
structure should be designed to drain the WQv (Water Quality Volume) within a minimum
of 48 hours.
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FACT SHEET‐ CONSTRUCTED WETLANDS
SIZING DESIGN‐ GOAL AND REQUIREMENTS
•

The design goal for all constructed wetlands is to capture (infiltration and/or reuse)
100% of the runoff volume generated by the 85th percentile 24 hour storm event. 100%
volume capture has been established as the ideal condition. If achieved, all
requirements are satisfied and no additional treatment is required. This is a retention
requirement.

•

If the design goal is not achievable, then the constructed wetland sizing requirement is:
o Treatment of 100% of the flow generated by the 85th percentile 24 hour storm
event, as calculated using the Rational Method and a know intensity of 0.20
inches per hour, and
o Volume Capture (infiltration and/or reuse) of the increase in volume of storm
water due to development generated by the 85th percentile 24 hour storm
event. This is a retention requirement.
All calculations shall be completed using the “Storm Water Calculator” available at
www.srcity.org/stormwaterLID.

•

INSPECTION AND MAINTENANCE REQUIREMENTS
•

A maintenance plan shall be provided with the Final SUSMP. The maintenance plan
shall include recommended maintenance practices, state the parties responsible for
maintenance and upkeep, specify the funding source for ongoing maintenance with
provisions for full replacement when necessary, and provide site specific inspection
checklist. Remember; designing for maintenance and to restrict emergent vegetation
minimizes maintenance requirements.

At a minimum inspection and maintenance shall include the following:
•
•
•

If vegetation removal is performed, biomass must be removed
Ability to dewater sections or the entire wetland for mosquito control or maintenance.
Valves, weirs, etc.
Vegetation control – removal, thinning, or mowing
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Pre‐rainy Season (PRS)

Rainy Season (RS)

After‐rainy Season (ARS)

A‐88

Inspection
Category

City of Santa Rosa and County of Sonoma

Is water overflowing the sides
of the pond during major storm
events?

Check the operation of the
drainage system (Valves, Weirs,
pipes etc.)

PRS
RS
ARS

RS

Is there a high drawdown of
water level over a short
period?

Maintenance Issue

PRS
RS
ARS

When to
Inspect

Is the Issue
Present?

• Check outlet area for obstruction or
damage.
• Check High Flow Bypass inlet pipe/
overflow channel for obstruction or
damage.

• Cycle the drainage system to verify
operation.

• Check outlet control values and height
of outlet/over flow channel. Repair
and/or replace components as
necessary.
• Review operational manual.

Require Maintenance

completed and if needed maintenance was
not conducted, note when it will be done)

Comments (Describe maintenance

This Inspection and Maintenance Checklist is to be used in conjunction with its corresponding LID Factsheet and Maintenance Plan. Please review
these documents before performing the field inspection

Type of Inspection:

Location Description:

Date of Inspection:
Inspector(s):
BMP ID #:
Property Owner:

CONSTRUCTED WETLANDS‐ CHECKLIST

Inspection and Maintenance Checklist
(aka: Artificial Wetlands)

Constructed Wetlands

Drainage
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Inspection
Category

Erosion

Is there evidence of animal
activity such as holes or dirt
mounds from digging or
borrowing?

Is there accumulation of
sediment (sand, dirt, mud) in
the pond?

Is there channelization (gully)
forming along the banks of the
pond?

Is there evidence of under
cutting or washouts around
the inlet/outlet of the pond?

Maintenance Issue
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PRS
RS
ARS

PRS
RS
ARS

RS
ARS

RS
ARS

When to
Inspect

Is the Issue
Present?

• Repair and fill in damaged areas.
Re‐grade if needed.
• Rodent/animal control activities
must be in accordance with
applicable laws and do not affect
any protected species.

• Remove sediment from the pond
and re‐grade the pond’s bottom if
needed.

• Remove excess sediment from the
pond.

• Fill in eroded areas, re‐grade banks,
and replant area.

• Re‐position the inlet splash rocks
and/or dissipater(s).
• Fill in eroded areas and re‐grade.

Require Maintenance

and if needed maintenance was not conducted,
note when it will be done)

Comments (Describe maintenance completed

CONSTRUCTED WETLANDS‐ CHECKLIST

A‐90

Inspection
Category

Vegetation

Are there dead or dry
plants/weeds on the banks of
the pond?

Is there excess vegetation in
the pond?

Is the vegetation clogging the
Inlet/outlet areas?

Maintenance Issue
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PRS
RS
ARS
PRS
RS
ARS

PRS
RS
ARS

When to
Inspect

Is the Issue
Present?

• Remove the excess vegetation and
biomass.
• Re‐grade pond bottom if need.
• Remove dead and/or dry
vegetation.
• Remove or trim any vegetation that
is causing a visual barrier hazard.
• Remove any nuance, dangerous
plant species.
• Remove, trim, mow all vegetation
that may present a fire hazard.

• Trim and/or remove the excess
vegetation around the inlet/outlet
areas.

Require Maintenance

and if needed maintenance was not conducted,
note when it will be done)

Comments (Describe maintenance completed

CONSTRUCTED WETLANDS‐ CHECKLIST
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Inspection
Category

BMP General

Are the signage, fencing in
place and in good condition?

Are the aesthetic features in
good condition and firmly
secured?

Is the vegetation irrigation
functional?

Are there mosquitoes present?

Are there missing or disturbed
aesthetics features?

Is the surrounding area
marked with graffiti?

Is there trash/debris in and
around the pond?

Maintenance Issue
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PRS
RS
ARS

PRS
RS
ARS

PRS
RS
ARS
PRS
RS
ARS

PRS
RS
ARS
PRS
RS
ARS
PRS
RS
ARS

When to
Inspect

Is the Issue
Present?

• Replace/repair signage and fencing.
• Add additional barriers signage to
block access to hazardous areas.

• Repaired broken missing spray/drip
emitters.
• Reposition to eliminate over spray
and/or over watering.
• Repair and/or replace loose or
damage features.

• Replace and/or reposition
aesthetics features to original
placement.
• Placement should not disrupt flow
characteristics/design.
• Contact vector control.

• Remove all graffiti from the area.

• Remove all trash and debris.

Require Maintenance

and if needed maintenance was not conducted,
note when it will be done)

Comments (Describe maintenance completed

CONSTRUCTED WETLANDS‐ CHECKLIST

FAC
CT SHEET‐ INFFILTRA
ATION TRENCH
T
H
INFILTR
RATION TRENCH
T
Also know
w as: Infiltraation Galleryy, Soakage Trrench

DESCRIPTTION
Infiltratio
on Trenches are typicallyy long narrow trenches that
t
are filleed with graveel that receivve
storm waater and allo
ow it to infilttrate into thee soil. Infiltraation trench
hes can be ussed to interccept
storm waater from lan
ndscape or open
o
space before
b
it cro
osses onto paaved area orr can be used as
part of a treatment train
t
with other BMP (su
uch as Vegettated Buffer Strips or Veegetated Swaales)
me Capture requirement
r
t.
to achievve the Volum
ADVANTTAGES
•
•
•
•

Provides volu
ume capture.
Can be used as
a part of a treatment
t
trrain with treeatment BMPs.
Can be used on
o sloped sittes.
Siimple to insttall.

LIMITATIIONS
•

D
Does
not achieve treatmeent.
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FACT SHEET‐ INFILTRATION TRENCH
•
•

Impacts to adjacent buildings and overflow requirements need to be considered in
design.
Requires adequate space.

KEY DESIGN FEATURES
•
•

Install a designated high flow bypass inlet or route.
Design to prevent standing water. All surface water must drain within 72 hours to
prevent mosquito breeding.

SIZING DESIGN‐ GOAL AND REQUIREMENTS
•

•

•

The design goal is to capture of 100% of the runoff volume generated by the 85th
percentile 24 hour storm event. 100% volume capture has been established as the ideal
condition. If achieved, all requirements are satisfied and no additional treatment is
required. This is a retention requirement.
If the design goal is not achievable, then the rain water harvesting sizing requirement is:
o Volume Capture of the increase in volume of storm water due to development
generated by the 85th percentile 24 hour storm event, as calculated using the
"Urban Hydrology for Small Watersheds" TR‐55 Manual.
All calculations shall be completed using the “Storm Water Calculator” available at
www.srcity.org/stormwaterLID

INSPECTION AND MAINTENANCE REQUIREMENTS
A maintenance plan shall be provided with the Final SUSMP. The maintenance plan shall
include recommended maintenance practices, identify the parties responsible for
maintenance and upkeep, specify the funding source for ongoing maintenance with
provisions for full replacement when necessary and provide site specific inspection
checklist.
At a minimum inspection and maintenance shall include the following:
• Inspect twice annually for ponded water. If ponded water is observed, the top layer of
pea gravel will need to be replaced.
• If ponded water remains, further grading and replacement may be necessary to prevent
mosquito breeding.
• The high flow inlet should be inspected and cleaned as necessary to remove any
obstructions.
• Pesticides and fertilizers shall not be used in vegetated areas draining to the infiltration
trench.
• Remove any accumulated sediment and/or trash.
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FACT SHEET‐ POROUS PAVEMENT
POROUS PAVEMENT
Also know as: Unit Pavers, Porous Concrete, and Pervious Pavement

DESCRIPTION
Porous Pavement is a system comprised of load‐bearing, durable surface together with an
underlying layered structure that temporarily stores water prior to infiltration or drainage to a
controlled outlet. The surface can be porous such that water infiltrates across the entire surface
of the material (e.g., crushed aggregate, porous concrete and porous asphalt), or it can be
constructed of impermeable blocks separated by spaces and joints, through which the water
can drain. This latter system is termed ‘permeable’ paving. Pervious paving is used for light
vehicle loading in parking areas. For a surface to be considered porous it must allow water to
infiltrate in to the soil below. Perforated pipe may be installed high in the section and the
volume below the perforated pipe may be counted toward volume capture if no impermeable
liner is installed. Sections with perforated pipe or liners at the bottom provide treatment only.
ADVANTAGES
•
•
•
•
•

Significant flow attenuation and improvement in water quality.
Can remove both the soluble and fine particulate pollutants.
Roof runoff can be piped into the subsurface storage area directly, which would increase
the level of flow attenuation.
Within lined systems, there is the opportunity for stored runoff to be piped out for reuse.
Pervious pavements have a high level of applicability because they are unobtrusive.

A‐95

City of Santa Rosa and County of Sonoma

FACT SHEET‐ POROUS PAVEMENT
LIMITATIONS
•
•
•
•
•

Can become clogged if improperly installed or maintained. However, this problem is
minimized by the ease with which small areas of paving can be cleaned or replaced when
blocked or damaged.
Use should be limited to car parking areas and other lightly trafficked or nontrafficked
areas. Pervious surfaces are currently not considered suitable for roadways within the
public right‐of‐way.
Prohibited in areas of known contamination. If soil and/or groundwater contamination is
present on the site or within a 100’ radius of the proposed location, the North Coast
Regional Board review and approval is required.
Do not use in areas of slope instability where infiltrated storm water may cause failure.
Slope stability shall be determined by a licensed Geotechnical Engineer.
Do not use in locations that can negatively impact building foundation or footings. Location
shall be approved by a licensed Geotechnical Engineer.

KEY DESIGN FEATURES
•
•
•
•
•
•
•

The subgrade should be able to sustain traffic loading without
excessive deformation.
The granular capping and sub‐base layers should give sufficient load‐
bearing to provide an adequate construction platform and base for
the overlying pavement layers.
Prevent cracking or excessive rutting from the wear of traffic. The
horizontal tensile stress at the base of these layers.
Pervious pavements require a single size grading to create voids for infiltration. The choice
of materials is therefore a compromise between stiffness, permeability and storage
capacity.
Because the sub‐base and capping will be in contact with water for extended periods, the
strength and durability of the aggregate particles when saturated and subjected to wetting
and drying should be assessed.
A uniformly graded single size material cannot be compacted and is liable to move when
construction traffic passes over it. This effect can be reduced by the use of angular crushed
rock material with a high surface friction.
Pervious concrete shall be designed and installed as described in Appendix G.

SIZING DESIGN‐ GOAL AND REQUIREMENTS
•

The design goal is to capture (infiltration and/or reuse) 100% of the volume of runoff
generated by the 85th percentile 24 hour storm event. This is a retention requirement. If
100% volume capture is achieved than no additional treatment is required.
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FACT SHEET‐ POROUS PAVEMENT
•

•

If the design goal is not achievable, then the sizing requirement is:
o Water Quality Treatment of 100% of the flow generated by the 85th percentile
24 hour storm event, as calculated using the Rational Method and a known
intensity of 0.92 inches per hour, and
o Volume Capture (infiltration and/or reuse) of the increase in volume of storm
water due to development generated by the 85th percentile 24 hour storm
event. This is a retention requirement.
All calculations shall be completed using the “Storm Water Calculator” available at
www.srcity.org/stormwaterLID.

INSPECTION AND MAINTENANCE REQUIREMENTS
A maintenance plan shall be provided with the Final SUSMP. The maintenance plan shall include
recommended maintenance practices, state the parties responsible for maintenance and
upkeep, specify the funding source for ongoing maintenance with provisions for full
replacement when necessary and provide site specific inspection checklist.
At a minimum inspection and maintenance shall include the following:
•
•

Keep landscaped areas well maintained
Prevent soil from washing onto pavement

Pervious Pavement shall be inspected and maintained 2‐3 times per year:
a) Vacuum clean surface using commercial sweeping machines at the following times:
• End of winter (April)
• Mid‐summer (July / August)
• After autumn leaf‐fall (November)
• Inspect outlets annually
b) As needed maintenance:
• If routine cleaning does not restore infiltration rates, then reconstruction of part of the
pervious surface may be required.
• The surface area affected by hydraulic failure should be lifted for inspection of the
internal materials to identify the location and extent of the blockage.
• Surface materials should be lifted and replaced after brush cleaning. Geotextiles may
need complete replacement.
• Sub‐surface layers may need cleaning and replacing.
• Due to the accumulation of pollutants, removed silts may need to be disposed of as
controlled waste.
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After‐rainy Season (ARS)

Inspection
Category

A‐98

Maintenance Issue

Is there sediment visible on the
surface of the pervious
concrete/pavers?

Is there visible water flowing
over the surface of the
pervious concrete/pavers
during a low intensity storm?

Is there standing or pooling of
water?

City of Santa Rosa and County of Sonoma

* If perforated pipe is present.

PRS
RS
ARS

RS

When to
Inspect

Is the Issue
Present?

• In dry weather, use a mechanical
sweeper or a vactor truck to vacuum
clean surface area.

• Check perforated pipe outlet for
obstruction or damage. *
• Flush perforated pipe to remove
obstructions/sediment. *
• Repair or replace perforated pipe,
replace with new soil and regrade.
• Subsurface layers may need cleaning
and/or replacing.
• In dry weather, use a mechanical
sweeper or a vactor truck to vacuum
clean surface area.
• In wet weather, use a vactor truck to
vacuum clean surface area.

Require Maintenance

completed and if needed maintenance was
not conducted, note when it will be done)

Comments (Describe maintenance

This Inspection and Maintenance Checklist is to be used in conjunction with its corresponding LID Factsheet and Maintenance Plan. Please review
these documents before performing the field inspection.

Rainy Season (RS)

Inspector(s):
BMP ID #:
Property Owner:

Inspection and Maintenance Checklist
(aka: Unit Pavers, Porous Concrete)

Location Description:
Type of Inspection: Pre‐rainy Season (PRS)

Date of Inspection:

POROUS PAVEMENT‐ CHECKLIST

Porous Pavement

Drainage

Inspection
Category

PRS
RS
ARS

RS
ARS

When to
Inspect
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Maintenance Issue

Is there sediment present in the
catch basin and in the overflow
pipe?

Are there cracks, uplifts,
slumps, missing pavers, and/or
pot holes present?
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Is the Issue
Present?

• Check perforated pipe outlet for
damage. *
• Repair or replace perforated pipe,
replace with new soil and regrade.*
• Subsurface layers may need
cleaning and/or replacing.
• Replace or repair damaged areas.

• Fill in eroded areas and regrade.

Require Maintenance

POROUS PAVEMENT‐ CHECKLIST

Is there under cutting or
washouts along the sidewalks
and/or curbs abutting a
planter strip?

* If perforated pipe is present.

Erosion

and if needed maintenance was not conducted,
note when it will be done)

Comments (Describe maintenance completed
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Inspection
Category

Vegetation

Is algae present?

• Remove vegetation.
• In dry weather, use a mechanical
sweeper or a vactor truck to
vacuum clean surface area.
• In wet weather, use a vactor truck
to vacuum clean surface area.
• In dry weather, use a mechanical
sweeper or a vactor truck to
vacuum clean surface area.
• In wet weather, use a vactor truck
to vacuum clean surface area.

Is there vegetation growing in
the cracks, stress lines, and/or
abutment areas?

Require Maintenance

• Trim and/or remove the excess
vegetation.

Is the Issue
Present?

Is the vegetation clogging the
inlet flow areas?

Maintenance Issue

City of Santa Rosa and County of Sonoma

PRS
RS
ARS

PRS
RS
ARS
PRS
RS
ARS

When to
Inspect

POROUS PAVEMENT‐ CHECKLIST
and if needed maintenance was not conducted,
note when it will be done)

Comments (Describe maintenance completed
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Inspection
Category

BMP General

Check for damage sidewalk,
curb, gutter, and catch basin
including uplift and settling.

Are the aesthetic features
firmly secured in placed?

Are there missing or disturbed
aesthetics features?

Is graffiti present?

Is there gum or other material
stuck to the pervious surface?

Is there debris/trash area?

Maintenance Issue
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PRS
RS
ARS
PRS
RS
ARS

PRS
RS
ARS
PRS
RS
ARS

PRS
RS
ARS
PRS
RS
ARS

When to
Inspect

Is the Issue
Present?

• Remove and replace damaged
areas.

• Replace and/or reposition
aesthetics features to original
placement.
• Placement should not disrupt flow
characteristics/design.
• Repair and/or replace loose or
damaged features.

• In dry weather, use a mechanical
sweeper or a vactor truck to
vacuum clean surface area.
• In wet weather, use a vactor truck
to vacuum clean surface area.
• Remove all graffiti from the area.

• Remove all trash and debris.

Require Maintenance

POROUS PAVEMENT‐ CHECKLIST
and if needed maintenance was not conducted,
note when it will be done)

Comments (Describe maintenance completed

FACT SHEET‐ VEGETATED SWALE
VEGETATED SWALE
Also know as: Bioretention Swale, Treatment Swale, and Grassy Swale

DESCRIPTION
The swale best management practice (BMP) functions as a soil and plant‐based filtration and
infiltration feature that removes pollutants through a variety of natural physical, biological, and
chemical treatment processes. 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. They
trap particulate pollutants (suspended solids and trace metals), promote infiltration, and
reduce the flow velocity of storm water runoff. Vegetated swales can serve as part of a storm
water drainage system and can replace curbs, gutters and storm sewer systems.
ADVANTAGES
•

Can achieve both water quality and volume capture objectives.
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FACT SHEET‐ VEGETATED SWALE
•
•
•

Vegetated swales provide storm water treatment that enhances the quality of
downstream water bodies by using natural processes.
The vegetation reduces heat island effects and improves an area's landscape.
Vegetated swales can be designed to convey high flow as well as water quality flow.

LIMITATIONS
•
•
•
•
•
•
•

•
•

Can be difficult to avoid channelization, which may cause erosion and limit infiltration
potential.
May not be appropriate for industrial sites or locations where spills may occur.
Grassed swales cannot treat a very large drainage area. Large areas may be divided and
treated using multiple swales.
A thick vegetative cover is needed for these practices to function properly.
Not effective and may even erode when flow velocities are high, if the grass cover is not
properly maintained.
Swales are more susceptible to failure if not properly maintained than other treatment
BMPs.
Should not be used in areas of know contamination. If soil and/or groundwater
contamination is present on the site or within a 100’ radius of the proposed BMP location,
the North Coast Regional Water Quality Control Board will need to be contacted and the
site reviewed.
Should not be used in areas of slope instability where infiltrated storm water may cause
failure. Slope stability should be determined by a licensed geotechnical engineer.
Do not use in locations that can negatively impact building foundation or footings. Location
shall be approved by a licensed Geotechnical Engineer.

KEY DESIGN FEATURES
•

•
•
•
•
•

The longest flow path for the swale shall have a minimum retention time of 12 minutes for
conditions when the treatment flows enter the Vegetated Swale uniformly along the swale
length. The longest flow path for the swale shall have a minimum retention time of 5
minutes if 90 percent or more of the treatment flow enters the swale at the upstream end.
Swale should be designed so that the water level does not exceed 2/3rds the height of the
grass or 4 inches, whichever is less, at the design treatment rate.
Longitudinal slopes between 1% and 2.5% are recommended.
Maximum allowable slope is 8% slope. In steep areas, check dams up to 24‐inches high and
at least 25 feet apart are allowed.
Trapezoidal channels are normally recommended but other configurations, such as
parabolic, can also provide substantial water quality improvement and may be easier to
mow than designs with sharp breaks in slope.
Swales constructed in cut are preferred, or in fill areas that are far enough from an adjacent
slope to minimize the potential for gopher damage. Do not use side slopes constructed of
fill, which are prone to structural damage by gophers and other burrowing animals.
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FA
ACT SH
HEET‐ VEGETA
V
ATED SWALE
•

•

•
•
•
•
•
•

A diverse selectio
on of low gro
owing, plantts that thrivee under
the specific site, climatic, and
d watering conditions
c
sh
hould
be sp
pecified. Veggetation who
ose growing season
correesponds to th
he wet seaso
on are prefeerred. Drougght
toleraant vegetation should be considered
d especially for
swalees that are not
n part of a regularly irrrigated landsscaped
area.
w
Vegetated swaless shall have a maximum treatment width
0 feet. The ve
egetated swale bed shalll be at least 2‐feet
of 10
wide and no morre than 7‐feeet wide. Paraallel swales may
m be used
d if calculatio
ons show
greatter width is needed.
n
The bed
b of the sw
wale flow area shall slop
pe at about 2%
2 from toe of side slop
pe to center of
swalee. Side slope
es shall be no
o greater thaan a 2 to 1 slope.
If veggetation is no
ot establisheed by October 1st, a 1‐year biodegraadable loosee weave
geofaabric shall be
e placed on swale surfacce. If vegetattion is not established by
b October 15th
1
of thee year, sod shall
s
be placed over loosse soils.
Vegetated swale shall be sizeed using the spreadsheeet provided by
b the local agency.
a
The swale
s
shall convey the 10‐year storm
m event with
h flows contaained within
n the swale.
Adjaccent to stree
ets, the 100‐year storm event
e
shall be
b conveyed
d with flows below the to
op of
curb elevation. (Include flow in the gutteer in the calcculation.)
If thee 10 or 100‐yyear storm event
e
flow veelocity is greeater than 4 feet per seccond, a
perm
manent geofaabric liner sh
hall be used that is rated
d for the calcculated flow velocity.
If useed, the perfo
orated pipe trench
t
shall be backfilled
d with ¾” crushed rock with
w a 2‐inch
h
bed underneath
u
and 6‐inch cover.
c

SIZING DESIGN‐
D
GOA
AL AND REQ
QUIREMENTSS
•

•

•

The design go
oal for vegettated swale is to capturee (infiltration
n and/or reu
use) 100% off the
olume of run
noff generatted by the 85
5th percentille 24 hour sttorm event. This is a
vo
reetention req
quirement. Iff 100% volum
me capture is
i achieved than
t
no additional
trreatment is required.
Iff the design goal
g is not achievable,
a
then the veggetated swale sizing requ
uirement is:
o Water Quality Tre
eatment of 100% of thee flow generaated by the 85th
8
percen
ntile
ulated using the Rational Method an
nd a known
24 hour storm eveent, as calcu
intenssity of 0.20 inches per ho
our, and
o Volum
me Capture (infiltration
(
and/or reuse) of the inccrease in volume of storm
m
waterr due to deveelopment geenerated by the 85th peercentile 24 hour
h
storm
event. This is a retention requ
uirement.
A calculation
All
ns shall be completed ussing the “Sto
orm Water Calculator”
C
a
available
at
w
www.srcity.o
org/stormwaaterLID
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FACT SHEET‐ VEGETATED SWALE
INSPECTION AND MAINTENANCE REQUIREMENTS
A maintenance plan shall be provided with the Final SUSMP. The maintenance plan shall include
recommended maintenance practices, state the parties responsible for maintenance and
upkeep, specify the funding source for ongoing maintenance with provisions for full
replacement when necessary and provide site specific inspection checklist.
At a minimum maintenance shall include the following:
• Mow and irrigate during dry weather to the extent necessary to keep vegetation alive.
Where 6‐inch high grasses are used, the grass height shall be at least 3 inches after
mowing. Where mowed grasses are shown, the grass height shall be mowed when the
height exceeds 3 inches.
• Remove obstructions and trash from vegetated swale.
• Pesticides and fertilizers shall not be used in the swale.
Vegetated Swales shall be inspected and maintained monthly during the rainy season to review:
• Obstructions and trash.
• Ponded flow is drained within 72 hours after a rainfall event.
• Condition of grasses.
• If ponding is observed, grading will be required to restore positive drainage.
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Rainy Season (RS)

After‐rainy Season (ARS)

A‐107

Inspection
Category

Is the flow into the vegetative
swale even and uniform?

Is there poor drainage during a
high intensity storm event?

Is there standing or pooling of
water after 3 days of dry
weather?

Maintenance Issue

City of Santa Rosa and County of Sonoma

RS

RS

RS

When to
Inspect

Is the Issue
Present?

• Remove any obstruction preventing a
uniform flow into the swale.

• Clean the High Flow Bypass Inlet.
• Check pipe for damage and/or
blockage. Repair if required.

• Remove any obstruction in the swale
and/or regrade to restore positive
drainage.

Require Maintenance

completed and if needed maintenance was
not conducted, note when it will be done)

Comments (Describe maintenance

This Inspection and Maintenance Checklist is to be used in conjunction with its corresponding LID Factsheet and Maintenance Plan. Please review
these documents before performing the field inspection.

Type of Inspection:

Pre‐rainy Season (PRS)

Inspector(s):
BMP ID #:
Property Owner:

Inspection and Maintenance Checklist
(aka: Bioretention Swale, Treatment Swale, Grassy Swale)

Location Description:

Date of Inspection:

VEGETATED SWALE ‐ CHECKLIST

Vegetated Swale

Drainage

A‐108

Inspection
Category

Erosion

City of Santa Rosa and County of Sonoma

Is there evidence of animal
activity such as holes or dirt
mounds from digging or
borrowing?

Are there voids and/or holes
around the High Flow Bypass
Inlet?

PRS
RS
ARS

PRS
RS
ARS

Is the mulch unevenly
distributed in the Vegetative
Swale area?

Is there accumulation of
sediment (sand, dirt, mud) in
the swale?

Is there channelization (gully)
forming along the length of the
swale area?

Is there under cutting or
washouts along the
impervious surfaces abutting
the Vegetative Swale?

Maintenance Issue

PRS
RS
ARS

RS
ARS

RS
ARS

RS
ARS

When to
Inspect

Is the Issue
Present?

• Repair and fill in damaged areas.
• Rodent control activities must be in
accordance with applicable laws
and do not affect any protected
species.

• Inspect the High Flow Bypass pipe
and Inlet box for damage. Replace
or repair as necessary.

• Regrade area.

• Redistribute and add additional
mulch if needed.

• Remove sediment and check the
grading. Add replacement soil
and/or mulch.

• Fill in eroded areas and regrade.

• Fill in eroded areas and regrade.

Require Maintenance

VEGETATED SWALE ‐ CHECKLIST

and if needed maintenance was not conducted,
note when it will be done)

Comments (Describe maintenance completed
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Inspection
Category

Vegetation

Is the vegetation over grown?

Are there dead or dry
plants/weeds?

Is the mulch distributed
evenly throughout the swale
area?

Is the vegetation clogging or
redirecting the inlet/outlet
flow areas?

Maintenance Issue

City of Santa Rosa and County of Sonoma

PRS
RS
ARS
PRS
RS
ARS

PRS
RS
ARS

When to
Inspect

Is the Issue
Present?

• Redistribute and add additional
mulch if needed.
• Regrade planter area.
• Remove dead and/or dry
vegetation. Replace as needed.
• Remove or trim any vegetation that
is causing a visual barrier, trip, and
or obstruction hazards.
• Mow grass as needed.

• Trim and/or remove the excess
vegetation.

Require Maintenance

VEGETATED SWALE ‐ CHECKLIST
and if needed maintenance was not conducted,
note when it will be done)

Comments (Describe maintenance completed
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Inspection
Category

BMP General

Check for damaged sidewalk,
curb, gutter, and catch basin.
This includes uplift and settling.

Are the aesthetic features
firmly secured in placed?

Is the vegetation irrigation
functional?

Are there missing or disturbed
aesthetics features?

Is Graffiti present?

Is there debris/trash in the
planter/swale area?

Maintenance Issue
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PRS
RS
ARS
PRS
RS
ARS

PRS
RS
ARS

PRS
RS
ARS
PRS
RS
ARS
PRS
RS
ARS

When to
Inspect

Is the Issue
Present?

• Remove and replace damaged
areas.

• Replace and/or reposition
aesthetics features to original
placement.
• Placement should not disrupt flow
characteristics/design.
• Repaired broken missing spray/drip
emitters.
• Reposition and/or adjust to
eliminate over spray and/or over
watering.
• Repair and/or replace loose or
damaged features.

• Remove all graffiti from the area.

• Remove all trash and debris.

Require Maintenance

VEGETATED SWALE ‐ CHECKLIST
and if needed maintenance was not conducted,
note when it will be done)

Comments (Describe maintenance completed

FACTT SHEETT‐ FLOW
W THRO
OUGH PLANTTER
FLOW THROUG
GH PLANTTER
Also know
w as: Above Ground Bio
oretention, Filter
F
Planterr, and Waterr Quality Planter

DESCRIPTTION
Flow Through Plante
ers function as
a a soil and plant‐based
d filtration feeature that removes
pollutantts through a variety of natural physical, biologiccal, and chem
mical treatm
ment processes.
Flow Through Plante
ers are usually installed next
n to build
dings or com
mmon open areas
a
to treaat
storm waater from rooftops.
ADVANTTAGES
•
•
•
•
•

Provides water quality treeatment.
Can be used as
a part of a treatment
t
trrain with vollume capturre BMPs.
U
Used
in urban
n areas where space is liimited.
U
Used
on slope
ed sites.
Provides habitat for birdss and attractts pollinators like butterrflies and beees.
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FACT SHEET‐ FLOW THROUGH PLANTER
LIMITATIONS
•
•
•

Do not achieve volume capture/infiltration requirements.
Impacts to adjacent buildings and overflow requirements need to be considered in
design.
Plant selection needs to consider effects of fast draining soils.

KEY DESIGN FEATURES
•

•
•
•
•
•
•

Bottom shall be impervious to protect adjacent structures and slope stability, unless
otherwise approved by a licensed Geotechnical Engineer. If designed to allow
infiltration, the underlying soil will need to be tested to determine the infiltration rate
and should not be compacted.
Include plants suited to the unique conditions in the planter and design to achieve 51%
cover.
Install a designated high flow bypass inlet or route.
Underdrain required.
Designed to prevent standing water. All surface water must drain within 72 hours to
prevent mosquito breeding.
Select non‐floatable surface mulching material to prevent clogging of downstream
inlets.
Downspouts to incorporate splash blocks and/or other dissipation methods to prevent
erosion.

SIZING DESIGN‐ GOAL AND REQUIREMENTS
(Applies to all tributary areas with impervious surfaces)
•
•

Water Quality Treatment of 100% of the flow generated by the 85th percentile 24 hour
storm event, as calculated using the Rational Method and a known intensity of 0.20
inches per hour.
All calculations shall be completed using the “Storm Water Calculator” available at
www.srcity.org/stormwaterLID.

INSPECTION AND MAINTENANCE REQUIREMENTS
A maintenance plan shall be provided with the Final SUSMP. The maintenance plan shall
include recommended maintenance practices, identify the parties responsible for
maintenance and upkeep, specify the funding source for ongoing maintenance with
provisions for full replacement when necessary and provide site specific inspection
checklist.
At a minimum inspection and maintenance shall include the following:
• Inspect twice annually for ponded water. If ponded water is observed, the perforated
pipe shall be cleaned.
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FACT SHEET‐ FLOW THROUGH PLANTER
•
•
•
•
•
•

If ponded water remains, further grading and replacement may be necessary to prevent
mosquito breeding.
The high flow inlet should be inspected and cleaned as necessary to remove any
obstructions.
Pesticides and fertilizers shall not be used in the rain garden area.
Plants should be pruned, weeds pulled and dead plants replaced as needed.
Check downspout splash blocks for proper location and fill/regard any washouts.
Evaluate mulching around plants. Add/replace as needed.
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Rainy Season (RS)

After‐rainy Season (ARS)

A‐115

Inspection
Category

Is water overflowing the sides
of the planter unit during major
storm events?

RS

City of Santa Rosa and County of Sonoma

Is there overflow due to
excessive splashing/spray?

Is there standing or pooling of
water after 3 days of dry
weather?

Maintenance Issue

RS

RS

When to
Inspect

Is the Issue
Present?

• Check outlet area for obstruction or
damage.
• Check High Flow Bypass inlet pipe for
obstruction or damage.

• Reposition splash block or dissipater
to reduce or eliminate splash/spray
overflow.

• Check perforated pipe outlet for
obstruction or damage.
• Flush perforated pipe to remove
obstructions.
• Remove and replace the first few
inches of topsoil.
• Remove all the soil and inspect
perforated pipe. Repair or replace
perforated pipe, replace with new soil
and re‐grade.

Require Maintenance

completed and if needed maintenance was
not conducted, note when it will be done)

Comments (Describe maintenance

This Inspection and Maintenance Checklist is to be used in conjunction with its corresponding LID Factsheet and Maintenance Plan. Please review
these documents before performing the field inspection.

Location Description:
Type of Inspection: Pre‐rainy Season (PRS)

Date of Inspection:
Inspector(s):
BMP ID #:
Property Owner:

FLOW THROUGH PLANTER ‐ CHECKLIST

Inspection and Maintenance Checklist
(aka: Above Ground Bioretention, Filter Planter, Water Quality Planter)

Flow Through Planter

Drainage
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Inspection
Category

Erosion

Is the mulch unevenly
distributed in the planter area?

Is there accumulation of
sediment (sand, dirt, mud) in
the planter?

Is there channelization (gully)
forming along the length of the
planter area?

Is there under cutting or
washouts around the inlet
splash block(s)?

Maintenance Issue

Is the Issue
Present?

Low Impact Development Technical Design Manual

PRS
RS
ARS

RS
ARS

RS
ARS

RS
ARS

When to
Inspect

• Re‐grade planter area.

• Re‐distribute and add additional
mulch if needed.

• Remove sediment and check the
grading. Add replacement soil and
or mulch.

• Re‐position the inlet splash block or
dissipater. Re‐grade planter area.

• Re‐position the inlet splash block(s)
or dissipater(s).
• Fill in eroded areas and re‐grade.

Require Maintenance

and if needed maintenance was not conducted,
note when it will be done)

Comments (Describe maintenance completed

FLOW THROUGH PLANTER ‐ CHECKLIST

A‐117

Inspection
Category

Vegetation

Are there dead or dry
plants/weeds?

Is the mulch spread evenly
throughout the planter area?

Is the vegetation clogging the
Inlet/outlet areas?

Maintenance Issue

City of Santa Rosa and County of Sonoma

PRS
RS
ARS
PRS
ARS

PRS
RS
ARS

When to
Inspect

Is the Issue
Present?

• Re‐distribute and add additional
mulch if needed.
• Re‐grade planter area.
• Remove dead and/or dry
vegetation. Replace as needed.
• Remove or trim any vegetation that
is causing a visual barrier hazard.

• Trim and/or remove the excess
vegetation around the inlet/outlet
areas.

Require Maintenance

and if needed maintenance was not conducted,
note when it will be done)

Comments (Describe maintenance completed

FLOW THROUGH PLANTER ‐ CHECKLIST
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Inspection
Category

BMP General

Are the aesthetic features
firmly secured in placed?

Are there cracks, holes, and/or
damage sides, top of the
planter unit?

Is the vegetation irrigation
functional?

Check for broken or damaged
drain inlets/outlets, splash
blocks, and grates.

Are there missing or disturbed
aesthetics features?

Is the planter and/or
surrounding area marked with
graffiti?

Is there debris/trash in the
planter area?

Maintenance Issue
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PRS
RS
ARS

PRS
RS
ARS

PRS
RS
ARS S

PRS
RS
ARS

PRS
RS
ARS

PRS
RS
ARS
PRS
RS
ARS

When to
Inspect

Is the Issue
Present?

• Repair and/or replace loose or
damage features.

• Repaired broken missing spray/drip
emitters.
• Reposition to eliminate over spray
and/or over watering.
• Repair or replace unit. Repairs must
be watertight.

• Replace and/or reposition
aesthetics features to original
placement.
• Placement should not disrupt flow
characteristics/design.
• Replace or repair all damage
features.

• Remove all graffiti from the area.

• Remove all trash and debris.

Require Maintenance

and if needed maintenance was not conducted,
note when it will be done)

Comments (Describe maintenance completed

FLOW THROUGH PLANTER ‐ CHECKLIST

FA
ACT SHEET‐ PR
ROPRIEETARY UNITSS
PROPR
RIETARY UNITS
U
Also know
w as: Structu
ural Units, Physical
P
Sepaarators, Preffabricated Units, and Maanufactured
Units.

GENERALL DESCRIPTION
Proprietaary units, or manufacturred units, very in design and use to serve
s
a widee variety of storm
s
water qu
uality needs. They are geenerally consstructed offssite and are installed as a unit. Somee are
designed
d to target a particular pollutant, succh as hydroccarbons, whiile others remove multip
ple
pollutantts. Proprietaary units can be very useeful when a particular
p
po
ollutant need
ds to be
removed
d as part of pretreatmen
p
nt or where space
s
is limitted as part of
o a treatment train.
Proprietaary typically provide treaatment, but not volume capture.
GENERAL INSSPECTION AND
G
A
M
MAINTENAN
NCE REQUIREEMENTS
A maintenan
nce plan shalll be provideed
w the Finaal SUSMP. Th
with
he maintenaance
p shall incclude the maanufacturerss
plan
recommendeed maintenaance practicees,
d
designation
o parties responsible fo
of
or
m
maintenance
e and upkeep, specify th
he
funding sourrce for ongoiing maintenaance
w provisio
with
ons for full reeplacement
w
when
necesssary and provide site speecific
in
nspection ch
hecklist.

A‐120

City of Santta Rosa and County
C
of Sonoma

FACT SHEET‐ PROPRIETARY UNITS
CHAMBERED SEPERATOR UNITS
Use the properties of different pollutants to remove each in a separate chamber. As such, these
units tend to be larger. They can either be inline with the storm drain system, or offline. An
access point must be provided to each chamber for maintenance purposes. These units must be
maintained with a vacuum truck.

TRASH EXCLUDERS
Use screens or other physical filtration to prevent trash
from entering the storm drain system. The collected
trash can either be stored in a portion of the inlet or in
the curb. High flow bypass must be provided to prevent
clogging and backup. These units must be maintained
with a vacuum truck.

FILTER INSERTS
Use bags and/or fabric or other physical filtration to
filter out trash, sediment, and/or hydrocarbons.
Some filter inserts are designed to remove particular
pollutants. High flow bypass must be provided to
prevent backup.
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FACT SHEET‐ PROPRIETARY UNITS

CENTRIFUGAL SEPERATOR UNITS
Use curved baffles to direct storm water so that centrifugal
force drops sediment and debris out and usually use
screens to collect floatable material. These units can be
either inline with the storm drain system or offline. These
units must be maintained with a vacuum truck.

TREE FILTER UNITS
Are combination units that use both structural and biological
elements to clean storm water. They generally consist of a
concrete vault filled with a special soil mix that a tree or shrub
is planted in. Storm water is directed into the unit, filtered
through the soil, and collected in a perforated pipe and
conveyed to the storm drain system. High flow bypass must be
provided for high intensity rain events.
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APPENDIX F

Other Notes

Grasses and Grass‐like Plants
Agrostis exarata
Alopecurus aequalis
Alopecurus saccatus
Bromus carinatus
Carex barbarae
Carex brevicaulis
Carex densa
Carex deweyanna
Carex divulsa
Carex obnupta
Carex pansa
Carex rupestris
Carex stipata
Carex subfusca
Carex testacea
Carex tumulicola
Carex vesicaria
Danthonia californica
Deschampsia danthonoides
Deschampsia cespitosa
Distichlis spicata
Eleocharis acicularis
Eleocharis macrostachya
Eleocharis ovata
Eleocharis palustris
Elymus glaucus
Festuca californica
Festuca idahoensis
Festuca rubra
Glyceria occidentalis
Hordeum brachyantherum
Juncus balticus
Juncus bufonis
Juncus effusus
Juncus ensofolius
Juncus patens
Juncus tenuis
Juncus xiphiodes
Leymus triticoides
Melica californica
Melica imperfecta
Muhlenbergia rigens
Nassella lepida
Nassella pulchra
Phalaris californica
Pleuropogon californicus
Scirpus americanus
Scirpus californicus
Typha angustifolia
Typha latifolia
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spike bentgrass
short awn foxtail
Pacific foxtail
California brome
Santa Barbara sedge
short stem sedge
dense sedge
Dewey sedge
Berkeley sedge
slough sedge
California meadow sedge
curly sedge
sawbeak sedge
rusty sedge
New Zealand orange sedge
foothill sedge
inflated sedge
California oatgrass
annual hairgrass
tufted hairgrass
salt grass
needle spike rush
creeping spike rush
ovate spike rush
creeping spike rush
blue wild rye
California fescue
blue bunchgrass
red fescue
western mannagrass
meadow barley
Baltic rush
toad rush
Pacific rush
dagger leaf rush
blue rush
slender rush
iris‐leaved rush
creeping wild rye
California melic
small flowered melic
deergrass
foothill needlegrass
purple needlegrass
California canary grass
semaphore grass
three square
California bulrush
narrowleaf cattail
cattail
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Not for full sun
Short turf‐like growth habit

Not a native. Mistakenly sold as the native C. tumulicola

L
L Can tolerate saturation if top soil layer drains
L Can tolerate saturation if top soil layer drains
M
M
M
M
M
Can tolerate saturation if top soil layer drains
Can tolerate saturation if top soil layer drains
Can be mowed as turf alternative. Can tolerate saturation if top soil layer drains
H
M Can tolerate saturation if top soil layer drains

L

May not need summer irrigation after establishment

L
L

Can be mowed. Ideal plant for many uses.
Can tolerate saturation if top soil layer drains
Can tolerate saturation if top soil layer drains
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Herbaceous Plants
Achilea millefolium
Aster sp.
Athyrium filix‐femina
Blechnum spicant
Camassia leichtilinii
Camassia quamash
Epilobium canum
Eriogonum fasciculatum
Eschscholzia californica
Fragaria chiloensis
Iris douglasiana
Lupinus bicolor
Lupinus polyphyllus
Mimulus guttatus
Polypodium californicum
Polypodium glycrrhiza
Polystichum californicum
Polystichum munitum
Pteridiumn aquilinum
Sisyrinchium bellum
Sisyrinchium californicum
Veronica liwanensis
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common yarrow
aster
lady fern
deer fern
camas lily
common camas
California fuschia
flattop buckwheat
California poppy
beach strawberry
Douglas iris
miniature lupine
large leaf lupine

X
X

X
X
X
X
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X
X

X
California polypody
licorice fern
California sword fern
western sword fern
bracken fern
blue‐eyed grass
yellow‐eyed grass
speedwell
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This species is adapted to low water conditions

L
M

Tolerates saturation in winter only
similar to Russell hybrids
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APPENDIX G
PERVIOUS CONCRETE‐ SAMPLE SPECIFICATION
DESCRIPTION
Pervious concrete surfaces shall conform to the requirements of the May 2006 Standard
Specifications of the State of California, Department of Transportation. Pervious concrete shall
be truck‐mixed, ready‐mixed concrete consisting of a mixture of Type II Portland Cement
complying with ASTM C150, aggregate, and water. The proportions of the water and aggregate
shall be regulated so as to produce a plastic, workable, and cohesive mixture. The pervious
concrete shall be placed by the Contractor within one hour of initial mixing unless otherwise
approved by the Engineer.
PLACEMENT AND CONSOLIDATION
Pervious concrete shall be installed by Contractors certified at Craftsman level per “Pervious
Concrete Contractor Certification, NRMCA Publication #2 PPECT.”
Placement shall be a continuous operation and shall be completed as quickly as possible.
Concrete shall be deposited as close to its final position as practicable. The practice of
discharging onto subgrade and pulling or shoveling to final placement is not allowed.
Contractor shall submit a proposed placement and consolidation method to the Engineer one
week prior to placement. Placement shall not proceed without approval of placement method
by the Engineer. Placement and consolidation shall conform to publication “Pervious Concrete
Pavements”, 2004, Portland Cement Association and National Ready Mix Concrete Association.
CEMENT
Pervious concrete shall contain at least 658 pounds of Portland Cement per cubic yard and shall
have a minimum 28‐day compressive strength of 3000 pounds per square inch.
AGGREGATE
The aggregate shall meet the requirements of ASTM C33 and the following grading:
Sieve Size
½”
3/8”
#4
#8
#16
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Percent Passing
100
85‐10
10‐30
0‐10
0‐5

APPENDIX G
METHOD OF CURING
Curing procedures shall begin within 20 minutes after final placement operations. The
pavement surface shall be covered with a minimum six (6) mil think polyethylene sheet or other
approved covering material. Prior to covering, a fog or light mist shall be sprayed above the
surface when required due to ambient conditions (temperature, wind, humidity). The cover
shall overlap all exposed edges and shall be secured (without using dirt or stone) to prevent
dislocation due to winds or adjacent traffic conditions. Pervious concrete shall be cured for
seven (7) days minimum. No traffic shall be allowed for 10 days.
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APPENDIX H

FINAL SUSMP SUBMITTAL GUIDE
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APPENDIX H

Final SUSMP Submittal Guide
PROJECT INFORMATION
Applicant Name (owner or developer)
Mailing Address
City/State/Zip
Phone/Email/Fax
Project Name
Site Address
City/State/Zip
Permit # (s)
Engineer Name
Mailing Address
City/State/Zip
Phone/Email/Fax
TYPE OF APPLICATION/PROJECT
Subdivision

Grading Permit

Building Permit

Design Review

Use Permit

Other

WHAT YOUR FINAL PLAN MUST INCLUDE
NARRATIVE
Project Description
□
□
□
□

Description of proposed project type, location, and any specific uses or features.
Description of any sensitive features (creeks, wetlands, trees, etc) and weather they are going to be preserved,
removed or altered.
Description of the existing site.
Description of how this project triggers these requirements (impervious area, CALGreen, 401 Permit*, etc).
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APPENDIX H

Final SUSMP Submittal Guide
Pollution Prevention and Credits
□
□
□

Description of all proposed pollution prevention measures (street sweeping, covered trash enclosures, indoor
uses, etc).
Description of all credits utilized (Interceptor Trees, Impervious Area Disconnection, and/or Alternative Driveway
Design).
Summary of tributary area reduction due to credits.

Type of BMPs proposed
□
□

Description of the types of BMPs selected including priority group that each is in.
Description of level of treatment and volume capture achieved (if 100% Capture is achieved treatment is not
required).

Maintenance
□
□
□
□

Description of maintenance for each type of BMP.
Description of funding mechanism.
Designation of Responsible Party.
Copy of signed Maintenance Agreement (appropriate for private BMPs on private land), CC&R language (for
common BMPs on common land), or Special Tax District (for BMPs in the public right‐of‐way).

EXHIBITS AND ATTACHMENTS
Completed BMP Selection Table
□

Completed BMP Selection Table for each tributary area including explanation for each Priority not used.

Proposed SUSMP Exhibit
□
□
□
□
□
□
□
□

Exhibit should include: street names, property lines, storm drainage system, waterways, title block, scale, and
north arrow.
Tributary areas shown for all inlets (including offsite drainage areas).
C value for each tributary area.
Soil Type of existing site.
New or replaced impervious area.
All inlets shown (including identifier).
All interceptor trees shown.
All proposed BMPs shown.
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Final SUSMP Submittal Guide
Existing Condition Exhibit
¾

Not necessary if no impervious area existed on the undeveloped site or if the Design Goal of 100% Volume
Capture is achieved.
□ Exhibit should include: street names, property lines, proposed storm drainage system, waterways, title block,
scale, and north arrow.
□ Soil Type of existing site.
□ Proposed tributary areas shown for all proposed inlets (including offsite drainage areas).Existing impervious
areas.

ON PLANS
□

All applicable elements appear on the appropriate plan sheets

CALCULATIONS
□

Storm Water Calculator
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6

Runoff Reduction Areas

6.1

Design Philosophy

Using alternative surfaces with a lower coefficient of
runoff or “C-Factor” helps reduce runoff from
developed areas. The C-Factor is a representation of
a surface’s ability to produce runoff. Surfaces that
produce higher volumes of runoff are represented
by higher C-Factors, such as impervious surfaces.
Surfaces that produce smaller volumes of runoff are
represented by lower C-Factors, such as more
pervious surfaces. See Table 6-1 for typical C-Factor
values for various surfaces during small storms.


Pervious Concrete

Table 6-2 compares the C-Factors of conventional
paving surfaces to alternative, lower C-Factor
paving surfaces. By incorporating more pervious,
lower C-Factor surfaces into a development, lower
volumes of runoff are produced. Lower volumes
and rates of runoff translate directly to lower
treatment requirements.


Crushed Aggregate

Site design techniques may be used to reduce the CFactor of a developed area, reducing the amount of
runoff requiring treatment, including:


Pervious Asphalt

Turf Block

Brick (un-grouted)

Natural Stone

Concrete Unit Pavers


Cobbles

Wood Mulch
Other site design techniques such as disconnecting
impervious areas, preservation of natural areas, and
designing concave medians may be used to reduce
the overall C-Factor of development areas.

Table 6-1
Estimated C-Factors for Various Surfaces During Small Storms
Paving Surface

Note:

C-Factor

Concrete

0.80

Asphalt

0.70

Pervious Concrete

0.60

Cobbles

0.60

Pervious Asphalt

0.55

Natural Stone without Grout

0.25

Tu r f B lo ck

0 . 15

Brick without Grout

0.13

Unit Pavers on Sand

0.10

Crushed Aggregate

0. 10

Grass

0.10

Grass Over Porous Plastic

0.05

Gravel Over Porous Plastic

0.05

C-Factors for frequent small storms used to size water quality BMPs are likely to differ (be lower) than C-Factors developed for
infrequent, large storms used to size flood control facilities. The above C-Factors were produced by selecting the lower end of
the best available C-Factor range for each paving surface. These C-Factors are only appropriate for small storm treatment
design, and should not be used for flood control sizing. Where available, locally developed small storm C-Factors for various
surfaces should be utilized.

Provided by BASMA
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Soils are classified into hydrologic soil groups (HSG
’s)
D i st u r b ed so i l p r o f i l es
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The
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at
which
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controlled by the soil profile. Approximate numerical
ranges for transmission rates shown in the HSG definiC
Sandy clay loam
tions were first published by Musgrave (USDA 1955).
D
Clay loam, silty clay loam, sandy clay, silty
The four groups are defined by SCS soil scientists as
clay, or clay
follows:
Gr oup A soils have low runoff potential and high infiltration rates even when thoroughly wetted. They consist
chiefly of deep, well to excessively drained sand or
gravel and have a high rate of water transmission
(greater than 0.30 in/hr).
Gr oup Bsoils have moderate infiltration rates when
thoroughly wetted and consist chiefly of moderately
deep to deep, moderately well to well drained soils with
moderately fine to moderately coarse textures. These
soils have a moderate rate of water transmission (0.150.30 in/hr).
Gr oup Csoils have low infiltration rates when thoroughly wetted and consist chiefly of soils with a layer
that impedes downward movement of water and soils
with moderately fine to fine texture. These soils have a
low rate of water transmission (0.05-0.15 in/hr).
Gr oup Dsoils have high runoff potential. They have
very low infiltration rates when thoroughly wetted and
consist chiefly of clay soils with a high swelling potential, soils with a permanent high water table, soils with a
claypan or clay layer at or near the surface, and shallow
soils over nearly impervious material. These soils have a
very low rate of water transmission (0-0.05 in/hr).
In exhibit A-1, some of the listed soils have an added
modifier; for example, “Abrazo, gravelly. ” This refers to
a gravelly phase of the Abrazo series that is found in
SCS soil map legends.
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D r a i n a g e a n d g r o u p D so i l s
Some soils in the list are in group D because of a high
water table that creates a drainage problem. Once these
soils are effectively drained, they are placed in a different group. For example, Ackerman soil is classified as
A/D. This indicates that the drained Ackerman soil is in
group A and the undrained soil is in group D.
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SAMPLE STRUCTURAL SOIL SPECIFICATIONS

City of Santa Rosa and County of Sonoma

REFERENCE DOCUMENT E

CU-Soil Speciﬁcation and Mixing Procedure
*CU-Soil is a patented material and must be purchased from a licensed
**888*
supplier.(see
note below) Amereq (http://www.amereq.com/) licenses the
manufacturing of CU-Soil to ensure quality control of installations.

* Structural Soil shall be CU-Soil as described above, or an equivalent material approved
by the Governing Agency.
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STRUCTURAL SOIL:

AN INNOVATIVE MEDIUM UNDER

PAVEMENT THAT

IMPROVES STREET TREE V IGOR
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Introduction

The major impediment to establishing trees in paved urban areas is the lack of an adequate volume of soil for tree
root growth. Soils under pavements are highly compacted to meet load-bearing requirements and engineering standards.
This often stops roots from growing, causing them to be contained within a very small useable volume of soil without
adequate water, nutrients or oxygen. Subsequently, urban trees with most of their roots under pavement grow poorly and
die prematurely. It is estimated that an urban tree in this type of setting lives for an average of only 7-10 years, where we
could expect 50 or more years with better soil conditions. Those trees that do survive within such pavement designs often
interfere with pavement integrity. Older established trees may cause pavement failure when roots grow directly below the
pavement and expand with age. Displacement of pavement can create a tripping hazard. As a result, the potential for legal
liability compounds expenses associated with pavement structural repairs. Moreover, pavement repairs which can significantly damage tree roots often result in tree decline and death.
The problems as outlined above do not necessarily lie with the tree installation but with the material below the
pavement in which the tree is expected to grow. New techniques for meeting the often opposing needs of the tree and
engineering standards are needed. One new tool for urban tree establishment is the redesign of the entire pavement profile
to meet the load-bearing requirement for structurally sound pavement installation while encouraging deep root growth
away from the pavement surface. The new pavement substrate, called structural soil, has been developed and tested so
that it can be compacted to meet engineering requirements for paved surfaces, yet possess qualities that allow roots to
grow freely, under and away from the pavement, thereby reducing sidewalk heaving from tree roots.

Convential Tree Pits are Designed for Failure

Looking at a typical street tree pit detail, it is evident that it disrupts the layered pavement system. In a sidewalk
pavement profile, a properly compacted subgrade of existing material often is largely impermeable to root growth and
water infiltration and significantly reduces drainage if large percentages of sand are not present. Above the subgrade there
is usually a structural granular base material. To maintain a stable pavement surface the base material is well compacted
and possesses high bearing strength. This is why a gravel or sand material containing little silt or clay is usually specified
and compacted to 95% Proctor density (AASHTO T-99). The base layer is granular material with no appreciable plant
available moisture or nutrient holding capacity. Subsequently, the pavement surrounding the tree pit is designed to repel
or move water away, not hold it, since water just below the pavement can cause pavement failure. Acknowledging that; the
above generalizations do not account for all of the challenges below the pavement for trees, it is no mystery why trees are
often doomed to failure before they are even planted.
The subgrade and granular base course materials are usually compacted to levels associated with root impedance.
Given the poor drainage below the base course, the tree often experiences a largely saturated planting soil. Designed tree
pit drainage can relieve soil saturation, but does nothing to relieve the physical impedance of the material below the
pavement which physically stops root growth.

A New System to Integrate Trees and Pavement

Structural soil is a designed medium which can meet or
exceed pavement design and installation requirements while remaining
root penetrable and supportive of tree growth. Cornells Urban Horticulture Institute, has been testing a series of materials over the past five
years focused on characterizing their engineering as well as horticultural properties. The materials tested are gap-graded gravels which are
made up of crushed stone, clay loam, and a hydrogel stabilizing agent.
The materials can be compacted to meet all relevant pavement design
requirements yet allow for sustainable root growth. The new system essentially forms a rigid, load-bearing stone lattice and
partially fills the lattice voids with soil (Figure 1). Structural soil provides a continuous base course under pavements while
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providing a material for tree root growth. This shifts designing away from individual tree pits to an integrated, root
penetrable, high strength pavement system.
This system consists of a four to six inch rigid pavement surface,
with a pavement opening large enough to accommodate a forty
year or older tree (Figure 2) . The opening could also consist of
concentric rings of interlocking pavers designed for removal as
the buttress roots meet them. Below that, a conventional base
course could be installed and compacted with the material
meeting normal regional pavement specifications for the traffic
they are expected to experience. The base course would act as a
root exclusion zone from the pavement surface. Although field
tests show that tree roots naturally tend to grow away from the
pavement surface in structural soil. A geotextile could segregate
the base course of the pavement from the structural soil. The
gap-graded, structural soil material has been shown to allow root
penetration when compacted. This material would be compacted
to not less than 95% Proctor density (AASHTO T-99) and possess a California Bearing Ratio greater than 40 [Grabosky
and Bassuk 1995,1996]. The structural soil thickness would depend on the designed depth to subgrade or to a preferred
depth of 36 inches. This depth of excavation is negotiable, but a 24 inch minimum is encouraged for the rooting zone.
The subgrade should be excavated to parallel the finished grade. Under-drainage conforming to approved engineering
standards for a given region must be provided beneath the structural soil material.
The structural soil material is designed as follows. The three components of the structural soil are mixed in the
following proportions by weight, crushed stone: 100; clay loam: 20; hydrogel: 0.03. Total moisture at mixing should be
10% (AASHTO T-99 optimum moisture).
Crushed stone (granite or limestone) should be narrowly graded from 3/4 -1 1/2 inch, highly angular with no fines.
The clay loam should conform to the USDA soil classification system (gravel<5%, sand 25-30%, silt 20-40%, clay 25-40%).
Organic matter should range between 2% and 5%. The hydrogel, a potassium propenoate-propenamide copolymer is added
in a small amount to act as a tackifier, preventing separation of the stone and soil during mixing and installation. Mixing can
be done on a paved surface using front end loaders. Typically the stone is spread in a layer, the dry hydrogel is spread evenly
on top and the screened moist loam is the top layer. The entire pile is turned and mixed until a uniform blend is produced.
The structural soil is then installed and compacted in 6 inch lifts.
In a street tree installation of such a structural soil, the potential rooting zone could extend from building face to
curb, running the entire length of the street. This would ensure an adequate volume of soil to meet the long term needs of
the tree. Where this entire excavation is not feasible, a trench, running continuous and parallel to the curb, eight feet wide
and three feet deep would be minimally adequate for continuous street tree planting.
There will be a need to ensure moisture recharge and free gas exchange throughout the root zone. The challenge
may be met by the installation of a three dimensional geo-composite (a geo-grid wrapped in textile one inch thick by eight
inches wide) which could be laid above the structural soil as spokes radiating from the trunk flair opening. This is currently in the testing stage. Other pervious surface treatments could also provide additional moisture recharge, as could
traditional irrigation.
When compared to existing practice, additional drainage systems, and the redesigned structural soil layer represent additional costs to a project. The addition of the proposed structural soil necessitates deeper excavation of the site
which also may be costly. In some regions this excavation is a matter of standard practice. However, this process might
best be suited for new construction and infrastructure replacement or repair, since the cost of deep excavation is already
incurred.
The Urban Horticulture Institute continues to work on refining the specification for producing a structural soil
material to make the system cost effective. It is patent pending and will be sold with the trademark CU-Soil to insure
quality control. Testing over five years has demonstrated that stabilized, gap-graded structural soil materials can meet this
need while allowing rapid root penetration. Several working installations have been completed in lthaca, NY, New York
City, NY, Cincinnati, OH, Cambridge, MA and elsewhere. To date, the focus has been on the use of these mixes to greatly
expand the potential rooting volume under pavement. It appears that an added advantage of using a structural soil is its
ability to allow roots to grow away from the pavement surface, thus reducing the potential for sidewalk heaving as well as
providing for healthier, long-lived trees.
Grabosky, J. and Bassuk, N. A New Urban Tree Soil to Safely Increase Rooting Volumes Under Sidewalks, 1995, Journal of
Arboriculture 21(4), 197-201. Grabosky, J. and Bassuk, N. Testing of Structural Urban Tree Soil Materials for Use Under Pavement
to Increase Street Tree Rooting Volumes, 1996, Journal of Arboriculture 22(6), 255-263.
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Introduction

Figure 1. Typical runoﬀ from a parking lot going into a storm sewer. No ce
that traces of oil are visible to the naked eye. There are many other
pollutants in parking lot runoﬀ such as various metals, sediment, salts, and
li er.
Photo by Susan Day.

U

rbanization disrupts natural soil pro�iles, increases impervious surfaces
and decreases vegetative cover. These disruptions increase stormwater
runoﬀ at the expense of groundwater recharge, degrading water quality
and impairing aquatic habitats. The repercussions of this non point source
pollution are being felt worldwide. Creative Best Management Practices
(BMPs) that harness the ability of vegetation and soils to mitigate urban runoﬀ
are needed. This material is a culmination of four years of research at Virginia
Tech, Cornell University and the University of California at Davis investigating
how a novel stormwater BMP that relies on shade trees and structural soils
can be designed and how it will function. We do not have the answer to every
question but the approach presented here works and is in place now at our
demonstration sites around the country. We developed this guide to assist
others in implementing this BMP. We hope it will expand your toolbox and
create new approaches for harnessing the power of trees in urban settings.

Challenges for Stormwater Management in Urban Areas

Urban areas are challenged by extensive impervious surfaces, damaged soils,
and little room for greenspace or for stormwater management facilities. The
goals of stormwater BMP’s are to reduce peak �low, reduce runoﬀ volume and
remove pollutants. The system described in this manual addresses all three of
these goals by utilizing trees and structural soils to aid in water interception,
storage, and in�iltration while increasing evapotranspiration potential.
Introduction

Page R-25

1

Figure 2. This system both serves as a parking lot and as a stormwater management
facility. In addi on to this double use of space, the structural soils also provide vastly
greater soil volumes for tree root growth than tradi onal parking lot construc on.
Note: Gravel base course is op onal, since the structural soil is designed to be as strong
as a base.
Figure by Sarah Dickinson.

2

Page R-26

Day, S.D. and S.B. Dickinson (eds.) 2008. Managing Stormwater for Urban
Sustainability Using Trees and Structural Soils.

Distributed Stormwater Management in Urban Settings
Distributed stormwater management techniques, such as bioswales, are
used to retain stormwater at many sites throughout the urban landscape
as opposed to collecting runoﬀ at a more centralized facility, such as a
detention pond, or relying on a storm sewer system. But some sites do not
have suf�icient open ground to handle water collected from surrounding
impervious surfaces in a dispersed fashion. In addition, sites that are largely
paved usually cannot support large trees and thus may be unable to bene�it
from tree canopy interception and the in�luence of roots on soil hydrology.
The system described in this manual can make it possible to use distributed
stormwater management that takes advantage of the stormwater mitigation
services provided by trees, even in con�ined, highly urban sites where space
for stormwater management and vegetation are very limited. This system may
prove particularly useful in areas of urban in�ill development. However, the
system also provides an alternative to detention ponds where lack of space is
not yet the primary concern.

How Does This System Work?
The system guides water to a structural soil retention area beneath the
pavement where it is then temporarily stored. Water leaves the reservoir via
soil in�iltration, and root uptake for tree transpiration. Because the reservoir
creates a large rooting volume, trees have the potential to develop full
canopies, allowing increased interception of precipitation. Tree roots take up
excess nutrients and water in the soil reservoir and can enhance in�iltration
into the subsoil. Together, trees and structural soils can create a zero runoﬀ
site. If in�iltration, soil absorption, and plant uptake of water are not suf�icient
to handle all stormwater, then over�low drains prevent the reservoir from
over�illing. Such over�low has not occurred to date in the demonstration
installations of this system. This is attributed to the distributed nature of the
system: because the reservoir is beneath the pavement, there is a one-to-one
ratio of land area receiving rainfall and land area treating stormwater.

Before deciding on any BMP, site constraints should be evaluated. This system is
designed to be installed beneath pavement and therefore stormwater management
is distributed throughout the site and not con ned to unpaved por ons of the site.
The system has not been evaluated for trea ng large amounts of collected runoﬀ from
adjacent areas. In ltra on BMP’s are not appropriate for sites that need to handle
highly polluted or contaminated water due to risk of groundwater contamina on.
There are also some topographical and geological features that could limit the use of an
in ltra on BMP (see the limita ons sec on in Chapter 2).

Introduction
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Project Background and Resources
This manual is the result of a series of research studies carried out at Virginia
Tech, Cornell University, and the University of California at Davis. This
research evaluated multiple aspects of the novel stormwater BMP described
here. Work at Virginia Tech focused on tree health and root development
in the system, as well as the ability of tree roots to enhance subsurface
in�iltration in stormwater BMPs. Multiple projects at Cornell examined the
physical characteristics of the structural soil mixes as they pertain to storing
stormwater, and the feasibility of a wide variety of surface treatments—
everything from porous asphalt to turf. Research at Davis in the Department
of Land and Water Resources produced baseline evaluations of the ability of
several structural soil mixes to remove typical urban runoﬀ contaminants.
Each university partnered with private groups or municipalities and installed
one or more demonstration sites to evaluate the system as a whole. Overall,
the system presented here has been successful. We have prepared this manual
to help stormwater engineers, public works departments, and others to put
this new approach—or elements of it—into practice.

How this Manual is Organized

The manual is designed to guide you through the features of the system,
including its limitations, and how to design a system to suit the site’s needs.
Original research papers are referenced and are available from university
libraries or by contacting the authors. Brief summaries of this research appear
in the manual.
Chapter 1 introduces the stormwater management system, its attributes and
limitations.
Chapter 2 provides information on designing a system with structural soils
and trees based on the needs of individual sites.

Chapter 3 describes surface treatments that can be used in conjunction with
this stormwater management BMP, namely turf and porous pavement. All the
information in this section is based on a series of publications from Cornell
University’s Urban Horticulture Institute.

Chapter 4 summarizes several original research projects related to the
development and evaluation of this system which were conducted by the
contributors of this manual. The research in this section was made possible in
part through a grant from the United States Department of Agriculture Forest
Service Urban & Community Forestry Grants Program on the recommendation
of the National Urban & Community Forestry Advisory Council (NUCFAC).
4
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S

tormwater management in urbanized settings faces special challenges:
paved surfaces and buildings generate high amounts of runoﬀ while at
the same time leaving little space for constructed stormwater management
facilities or for the soil and vegetation combination that could reduce the need
for these facilities.

The system described in this manual seeks to address these limitations by
using structural soils to simultaneously allow healthy tree growth, water
in�iltration, and pavement—all on the same land area. Tree root systems and
the structural soil that supports them combine to form a shallow but extensive
reservoir for capturing and storing stormwater. Structural soils are engineered
soil mixes with a high porosity that allow tree roots to penetrate freely,
and stormwater to in�iltrate rapidly and then be stored until it percolates
into the soil beneath. Tree canopies eﬀectively intercept rainfall, reducing
throughfall to the ground and lengthening the time of runoﬀ concentration
into stormwater systems. Trees also actively transpire, taking up water and
nutrients present within the reservoir. As runoﬀ in�iltrates into the subsoil,
pollutants and contaminants can be removed from the stormwater via
�iltration and/or adsorption (especially in clay soils).
This double use of land surface area (e.g. parking lot and stormwater
management) increases land-use ef�iciency and allows water in�iltration over
a large area, which more closely mimics natural hydrology than stormwater
Chapter 1— Trees and Structural Soils- A System Overview
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Chapter 1— Trees and Structural
Soils- A System Overview

Figure 3. An example of a reten on/deten on pond
adjacent to a conference center on the Virginia Tech
campus in Blacksburg, Virginia. This treatment uses
space that could be otherwise directed towards other
uses.
Photo by Susan Day.

management systems that concentrate storm �low. In addition, a full tree
canopy increases opportunities for returning rainfall to the atmosphere
via evapotranspiration and through canopy interception and storage of
precipitation. The remainder of this section will introduce the speci�ic
components of this system, namely trees and structural soils.

Trees— Mimicking the Hydrologic
Beneﬁts of a Forest in the City
Natural forests with their complete canopy
cover, large leaf areas, and permeable
soils handle rainwater eﬀectively through
interception and in�iltration, returning
water to groundwater and the atmosphere
and protecting water quality in surface
waterways. Replicating elements of this
hydrologic cycle in urban settings, however, is
dif�icult—because buildings, infrastructure,
people, and other urban denizens compete
for land and soil resources.

Urban forests are also widely recognized as
an eﬀective means of handling stormwater.
Like their forestland counterparts, urban
trees intercept rainfall, direct precipitation
into the ground through trunk �low, and
take up stormwater through their roots.
In addition, urban tree roots penetrating
through typically impermeable urban soil
layers into more permeable zones have the
potential to increase stormwater in�iltration
rates. However, urban canopy cover (and thus
rain interception) is greatly limited by urban
soil conditions such as compaction, reduced
rooting volume, and elevated pH. Even open
ground in urbanized areas is commonly
disturbed or compacted, limiting normal soil
hydrologic functions. This system directly
addresses the limitations of urban soils to
support vegetation and handle water. The
system provides a highly permeable rooting
environment that can support large trees,
thus making these forest bene�its available in
the city.
6
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“... trees intercept
rain all, direct
precipitation into the
ground through trunk
�low, and take up
stormwater through
their roots.”

Addi onal bene ts of trees
• Shading, reducing
ambient temperature
• Removing pollutants
from the air
• Improve aesthe cs
See h p://www.fs.fed.
us/psw/programs/cufr/
for more informa on

“...urban canopy
cover (and thus rain
interception) is greatly
limited by urban soil
conditions such as
compaction, reduced
rooting volume, and
elevated pH.”

Day, S.D. and S.B. Dickinson (eds.) 2008. Managing Stormwater for Urban
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Structural Soils— Supporting Tree Growth and Pavement
Why were structural soils
designed?
Typically, soils beneath
pavement are compacted to
meet engineering requirements
to support the loads from
vehicles, pavement and
structures. Unfortunately,
most plant life cannot survive
in soils compacted for these
purposes. Roots cannot
penetrate extremely strong
soils. In addition, compacting
soil destroys soil structure,
collapsing the large pore spaces
needed to provide the balance of
air and water that roots require.
The result is soil that can support
pavement but cannot support
trees. Structural soils were
designed to meet requirements
for pavement support while
still allowing adequate pore
space to support tree roots.
Structural soils must be carefully
constructed and tested according
to veri�ied speci�ications in order
to meet these requirements.

A good structural soil will have known
water-holding, drainage, structural
and load-bearing characteris cs. It
should be able to be compacted to
95% of standard Proctor density and
s ll support plant growth. It will also
have a research-based track record of
success and body of best prac ces.
Just any mix of a stone and soil is
not a structural soil. Some so-called
structural soils have failed miserably
when prac oners thought they were
purchasing a good soil but were just
purchasing an untested mix with no
research veri ca on. The two discussed
here have been thoroughly tested yet
each product should s ll be required
to undergo tes ng a er installa on to
ensure that the nal product meets
the standards of the speci ca on. In
the case of CU-Structural Soil it must
be purchased from licensed producers
who are required to test their materials
to adhere to a research-based
speci ca on.

Figure 4. This photograph shows
the eﬀect of soil volume on tree
growth. Both rows of willow oaks
were planted at the same me on
Pennsylvania Avenue, Washington,
D.C. The trees on the le are in tree
pits, and those on the right are in an
open grassed area.
Photo by Nina Bassuk.
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How do structural soils work ?

Figure 5. Compacted soil from
a typical construc on site.
Lack of structure prohibits root
penetra on and growth.
Photo by John W. Layman.

Structural soils are engineered to meet
compaction requirements for parking
lots, roads and other paved surfaces
and, at the same time, allow tree root
penetration under the pavement. Excavated
root systems from structural soils have
illustrated that deep rooting of trees in
these soils appears to prevent heaving of
sidewalks, curbs and gutters by tree roots.
Structural soil can therefore expand the
soil volume available for the roots of trees
in plazas and parking lots and other paved
areas.

There are many types of
structural soils, but they are
based on the same principal:
large “structural” particles,
typically an angular stone,
form a matrix that distributes
the load from pavement and
structures through stoneto-stone contact ultimately
spreading the load across
the supporting subsoil. The
gaps between the structural
particles are then �illed with a
Figure 6. CU-Soil, the structural soil developed
high quality mineral soil with
at
Cornell University in the 1990s. Soil par cles
good water-holding capacity
within the media are clearly visible and allow soil
and tilth. Hydrogel is often
used in addition to the mineral nutrients and water holding capacity for healthy
root growth.
soil as a tacki�ier—preventing
Photo by Ted Haﬀner.
segregation of the soil during
mixing and installation. When
structural soils are compacted, they form a rigid matrix while suspending
soil as a rooting medium within the interconnected voids of the stone matrix.
Roots are able to easily penetrate this uncompacted mineral soil within the
compacted stone matrix. As roots expand in the structural soil, they appear
to encapsulate, rather than displace the stone matrix or deform temporarily
to move between the smallest pores. Because stone is the load-bearing
component of the structural soil, the aggregates used should meet regional or
state department of transportation standards for pavement base courses.
-Adapted from Bassuk, et al. 2005
8
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Table 1 . Comparison of physical proper es of CU-Soil, Carolina Stalite and a silt-loam
soil. Note: The Stalite speci ca ons usually call for sandy loam but plant available
moisture with Stalite was tested using the same inters al silty clay loam as was used
with the CU-Soil.
Table based on informa on from Haﬀner, E.C. 2008.

The history of structural soil
This manual examines stormwater management techniques that detain
stormwater in under-pavement reservoirs of structural soil. The �irst of these
soils, CU-Soil (Amereq Inc., New York, NY) was developed at Cornell University
in Ithaca, New York, in the mid 1990s to address insuf�icient soil volumes
for tree root development. This new type of soil mix resulted from research
exploring a means to create a substrate that would both allow adequate tree
root growth and support pavement for sidewalks, streets, and parking lots. It
is this load-bearing ability that de�ines structural soils and diﬀerentiates them
from other types of tree soils. Since then, other structural soils have been
developed that use other components (e.g. Carolina Stalite, a heat expanded
shale (Carolina Stalite Company, Salisbury, NC). The structural component of
Carolina Stalite is porous and lightweight in comparison to the gravel used
in CUSoil . Because the stone matrix has a rough surface, a tacki�ier is not
required to prevent segregation during mixing.
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Stone particle

Soil aggregate

Air or water pore spaces
around the soil aggregates
Compactive force
Contact points where
load is transferred

Figure 7. Conceptual diagram of structural soil including stone-on-stone compac on
and soil in inters al spaces.
Figure by Sarah Dickinson, adapted from Nina Bassuk.

Subsoils
The �inal component of this system is the existing subsoil upon which the
structural soil reservoir will be constructed. For optimum functioning of the
system, including healthy root development, the stormwater reservoir should
drain within two days. If the subsoil is permeable, or has some permeable
areas, in�iltration is likely to be rapid because lateral water movement
through structural soils is extremely rapid. If soils are impermeable but have
permeable layers beneath them, root penetration into the subsoil base may
ultimately improve in�iltration (see Chapter 4, Tree Root Penetration into
Compacted Soils Increases In�iltration), but designs should accommodate
the lack of in�iltration via placement of over�low pipes (see the blue box on
page 15). Although a separation geotextile is not normally required below
structural soil sections, when the structural soil is being used as a reservoir
for stormwater, subsoil may be saturated at times, resulting in lower soil
strength. Therefore, a geotechnical engineer should always be consulted to
determine if a separation geotextile is advisable between the subsoil and
structural soil components (see Geotextiles section).
10
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Limitations concerning subsoil in iltration
In�iltration BMP’s cannot be employed everywhere. A geotechnical engineer
can determine if in�iltration is an appropriate BMP for the speci�ic situation.
Some conditions only require minor adjustments to the design to use
in�iltration but there are situations where in�iltration should not be used at all.
Some of these limitations include:
• When high concentrations of contaminants and/or pollutants are
present in the stormwater, in�iltration may not be appropriate due
to the risk of groundwater contamination. Always refer to local
regulations.

• Sites with very rocky soils, high bedrock, water tables less than 4
feet from the surface, limited drainage, and extreme slopes are not
suitable for in�iltration BMP’s.

• Sites which have Karst geology could run the risk of contaminating
the groundwater. This is because the ef�luent can go directly to
the ground water without any contaminants or pollutants being
removed by the soil �irst.

• Other factors such as cost and practicality may also apply for certain
regions of the country. Carolina Stalite is produced in the eastern
United States and high transportation costs make its use in western
states impractical.
Citations
Bassuk, N.L., J. Grabosky, and P. Trowbridge. 2005. Using CU-Structural Soil
in the Urban Environment. Urban Horticulture Institute, Cornell University,
Ithaca, NY.
Haﬀner, E.C. 2008. Porous asphalt and turf: exploring new applications
through hydrological characterization of CU Structural Soil® and Carolina
Stalite Structural Soil. Master’s Thesis. Department of Horticulture, Cornell
University.
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ustainable site design requires coordination and consultation with diverse
professions. For instance, a geotechnical engineer can determine if this
in�iltration BMP can be used on your site based on underlying geology and site
topography.

A stormwater engineer may determine the quantity of water that the system
will need to be able to handle. In addition to water quantity, they should be
familiar with the contaminants and pollutants that will be present in the
stormwater and local regulation and permit requirements.
Horticulturists, foresters and other quali�ied plant professionals should be
consulted during the design process for choosing tree species and other
plantings that will perform well for a given system design and climate.

• Local rainfall data and runoﬀ calcula ons will determine the minimum depth
for the structural soil reservoir. The reservoir can be designed to store the
desired rain event (e.g. a 25-year storm).
• For op mal growth of trees, designs must provide adequate depth and
extent of structural soil (see Reservoir Sizing).
• Determine the type of soil and the seasonal water table levels underneath
the reservoir. Clay soils will drain much more slowly than sandy soils and will
in uence how much water the reservoir can take and will also determine
in ltra on and groundwater recharge rates from the reservoir into the
subsoil below the reservoir.
• In ltrometer measurements may not accurately re ect drainage rates of the
reservoir as a whole. This is because water moves laterally very quickly in
structural soils and zones of rapid in ltra on can have a dispropor onately
large eﬀect.

Speciﬁcations
Surface Treatments
The intent of this BMP is to manage stormwater from the immediate
vicinity— it is not meant to handle large amounts of stormwater concentrated
from surrounding land areas. Regardless, the system requires that water be
directed into a structural soil reservoir beneath the soil surface. There are two
options for this that can be used alone or in combination:
Chapter 2— System Design to Meet Site Requirements
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Chapter 2— System Design to
Meet Site Requirements

S

Option 1: Pervious Pavement

Pervious pavement allows rainfall that hits the pavement to infiltrate directly
through the wearing surface and into the structural soil reservoir below.
In�iltration rates are typically extremely high, much higher than most rainfall
rates. There are many types of pervious pavement and the choices continue
to expand. For more information on alternatives to traditional impervious
pavement, see Chapter 3.
Option 2: Traditional, Impervious Pavement

Water can easily be directed beneath traditional pavement as well. Structural
soils allow rapid lateral water movement, so water entering at one point in a
structural soil system will seek its own level, spreading out in the reservoir
in accordance with the subsoil topography. Gravel swales on the edges of
impervious areas allow water to enter the system. This design also can be
used as a “backup” system for pervious pavement if there are concerns of
clogging.
Reservoir Sizing and
Over low Pipe Design

In order to properly
mitigate any storm,
exact rainfall data must
be obtained from local
meteorological stations.
To help design the proper
reservoir depth to
accommodate any rain
event, the adjacent table
Table 2. Reservoir depths and the corresponding levels
(Table 2) can be used
of mi gated rain events based on the 30% void space
as a general aid. This
within the structural soil mix (assuming an empty
information is based on a
reservoir). Numbers in the gray box illustrates the
conservative estimation
depths necessary to accommodate op mum healthy
of the total porosity
tree root development.
of any structural soil
Table by Ted Haﬀner.
of 30%. If actual total
porosity is calculated
for your particular structural soil mix, the chart can be adjusted accordingly.
It is important to note that while depths less than 24” will both support
and mitigate a storm event up to 5.4” in 24 hours, for larger tree species, a
reservoir depth of 24” to 36” is optimum.
14
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Although a structural soil
reservoir is a great way
to collect rainwater and
runoﬀ as regulated by the
National Pollution Discharge
Elimination System (NPDES)
guidelines and decrease
demands on existing
municipal storm water
systems, there may be rain
events that generate more
runoﬀ than the reservoir
below can handle. Installing
an over�low pipe above the
design stormwater retention
level of the reservoir can
prevent system failure during
extreme weather events.

Two systems combined insure against
system failure.
1. The structural soil reservoirs at a
predetermined depth allow water storage
and in ltra on to recharge groundwater, if
soil condi ons below the reservoir permit.
2. Tradi onal piping infrastructure located
at a level high enough that water will not
backup under the pavement if the reservoir
is over lled by mul ple storm events. The
combina on of the two ensures the system
will work during storm events that are larger
than the design capacity of the system.

Placement of the over low pipe should be determined based on the
in�iltration rate of the subsoil. Ideally this in�iltration rate is calculated for the
site as a whole, since rapid in�iltration in one area can drain water from less
permeable areas. However, if this is not possible, a series of in�iltrometer tests
should be made after excavation of the reservoir. If in�iltration is not adequate
to remove water from the rooting zone (the top 18 to 24 inches of structural
soil) within 48 hours, the depth of the structural soil reservoir should be
increased, or the over�low pipe should be placed such that if water rises to the
level of the rooting zone it will be removed by the pipe.
Helpful Hints
• Design to capture all the runoﬀ from the desired storm event. The system
can easily be designed to capture all of the runoﬀ from a 100— year storm in
most cases. At a minimum, design the reservoir to handle the “water quality
storm” for your region. This is the threshold which encompasses 90% of the
yearly runoﬀ produc on.
• In ltra on expecta ons: water should not stay in the upper 18 to 24 inches
of the reservoir for more than 48 hours. Longer residencies in the tree roo ng
zone may interfere with tree establishment, growth, health, and stability of the
roo ng system.
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Page R-38

15

Figure 8. The top illustra on shows a diversion mound system as used on a
roadway. The photo to the le shows the installa on of diversion mounds for an
access road. The diversion mounds are circled in red. In the photo to the right you
can see the mounds during the structural soil installa on process.
Figure by Joe Dove. Photos by Susan Day.

Use addi onal drainage as necessary to decrease ooding and inunda on from
extreme storm events. Although structural soil is highly porous, ooding will
occur if the rate of water leaving via in ltra on is slower than the rate that
water enters the system via rain and runoﬀ (see Reservoir Sizing above).
CU-Soil speci ca ons require that the mineral soil component of the mix be
heavy clay loam or loam with a minimum of 20% clay, because of its greater
water- and nutrient-holding capacity. Carolina Stalite structural soil mixes
specify a sandy loam since the porous structural par cles also hold water,
but soils with a ner texture (i.e. more clay) can also be used. Structural soil
should also have organic ma er content ranging from 2-5% to ensure nutrient
and water holding while encouraging bene cial microbial ac vity.
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Level and Unlevel Sites

Does the reservoir need to be level? A level or nearly level reservoir will
promote the maximum distribution of stormwater, allowing the in�iltration
capacity of the entire subsoil �loor to be utilized. However, a sloped system
can be designed in two ways. First the subsoil can be excavated in a series of
terraces. This is appropriate for a slightly sloped parking area, for example.
Alternately, diversion mounds (Figure 8) can be used to direct water under
pavement on a slope. This technique was employed at an access road
installation in Blacksburg, Virginia. Runoﬀ collected in roadside swales and
was then directed under the road pavement with diversion mounds that
intersected the swales. In such cases, hydrostatic buildup under the pavement
must be prevented by appropriate drainage. Because the reservoir will allow
water movement down the slope, it will not store water and in�iltration may
be minimal.
Designing for Trees to Thrive is Key to System Success

A good, well drained topsoil may be used around the newly installed tree if the
pavement opening allows. If this is not practical, structural soil can be used
right up to the tree root ball. In drier climates, establishing some tree species
directly in structural soil may require frequent irrigation because of the high
porosity of the soil. Tree roots need to establish good root-soil contact before
they can ef�iciently extract water from the soil matrix. Tree species that are
sensitive to drought during establishment (e.g. swamp white oak (Quercus
bicolor) may need close attention to irrigation during the �irst year or two
after planting. Because structural soil gives tree roots a larger volume of soil,
irrigation may not be necessary after establishment. Again, this is climate
dependent and the expertise of a plant professional with local knowledge
should be sought.

While structural soils may have less total moisture on a per volume basis than
in conventional soil (around 16% versus a normal 25% in a agricultural soil),
the plant available moisture within the structural soil matrix is actually quite
comparable to a normal landscape soil (in the range of 8-11% by volume).
Traditional planting designs in paved areas surround the planting hole with
materials which restrict root penetration and growth. Because the use of
structural soils expands total rooting volume, trees have access to greater
water resources and can usually be managed very similarly to trees planted in
landscape soils. Similar to trees in the landscape, supplemental water should
be provided until the tree is established and then irrigation practices should
follow local climatic requirements.

Chapter 2— System Design to Meet Site Requirements
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Geotextiles
By Joseph E. Dove
Geotextiles are part of the broad class of materials called Geosynthetics, which
are synthetic polymer materials that are used in a wide range of geotechnical
engineering applications such as reinforcement, erosion control, separation,
�iltration and drainage. General information and educational materials for
geosynthetics are available from the International Geosynthetics Society
(http://www.geosyntheticssociety.org/guideance.htm).

Geotextiles are continuous sheets of �lexible, permeable material which have
the general appearance of a cloth fabric. They are typically manufactured
from polypropylene or polyester and are categorized as either woven or
nonwoven. Woven geotextiles are produced by interweaving two orthogonal
sets of yarns. They typically have high tensile strength and resistance to
elongation. Non-woven geotextiles are manufactured by extruding individual
�ilaments randomly onto a horizontal surface to form a mat. The �ilaments
are then interlocked through needle punching or heat bonding processes.
Needlepunched geotextiles typically have high permeability; whereas heat
bonded non-woven geotextiles have higher tensile strength characteristics.

In the structural soil system, possible locations for a geotextile include
(Figure 8): 1) between the top of the natural (subgrade) soil and the base of
the structural soil, and/or 2) below the aggregate base soil supporting the
pavement or other surface treatment and the top of the structural soil. In
the �irst case, the geotextile potentially could provide both reinforcing and
separation functions. However in the second case, the geotextile provides a
separation function only. The reinforcing function arises when the subgrade
soil is weak and loads applied by traf�ic cause deformation of the subgrade,
resulting in rutting at the ground surface. This function typically requires
geotextiles with high tensile strength. A civil engineer can determine if
a reinforcing geotextile is required and recommend tensile strengths for
selecting candidate materials, if needed. The separation function in the
second case arises to prevent the aggregate base from commingling with
the structural soil below. This downward migration can result in decreased
pavement performance and a separation geotextile may be warranted as a
mitigation measure. A check can be made to assess if the aggregate base soil
has a particle size gradation suf�iciently �ine to permit portions of the base
soil to fall into the voids between the underlying structural soil particles.
Fortunately, migration of aggregate base soil has not proved to be a problem in
other installations. Geotextiles are not be required if the above consequences
are not signi�icant to the owner.
18
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Figure 9. Enlarged view of woven and nonwoven geotex les.
Photos from “IGS Geosynthe cs in Drainage and Filtra on by J.P.
Gourc and E.M. Palmeira.”

Selection of a geotextile is made after the required material properties are
estimated from design computations performed by a civil engineer (for
examples, see Koerner 2005). An important consideration in selecting a
geotextile for this application is the reduction in mechanical performance
due to damage during installation in the �ield (survivability). The American
Association of State Highway and Transportation Of�icials (AASHTO) standard
materials speci�ication M288-00 “Geotextile Speci�ications for Highway
Applications” provides guidance geotextile selection. This standard is
intended for geotextiles used in subsurface drainage, separation, stabilization
and permanent erosion control functions. M288-00 de�ines three diﬀerent
classes of geotextiles and speci�ies minimum mechanical properties for
each function. Selection of the minimum geotextile material properties
for survivability is made from tables included in the speci�ication. Finally,
selection of locally available candidate geotextile products with the required
engineering properties is made from information published by manufacturers.
Most manufacturers of geotextiles provide the M288-00 survivability class for
each of their products.
It has been found that the woven geotextiles tested in the structural soil
system do not prevent tree root penetration, a summary of this research is in
Chapter 4 (Tree Root Penetration into Compacted Soils Increases In�iltration).
Citation

Koerner, R.M., 2005. Designing with geosynthetics, 5th Ed. Prentice Hall,
Upper Saddle River, NJ.
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Trees and Other Plants
Trees are an integral component of this stormwater system and must grow
well in order to realize maximum stormwater mitigation. By enlarging the
rooting volume typically available to trees in paved areas, canopy size has
the potential to increase faster and trees may ultimately reach a greater size.
Rainfall interception, storage, and ultimately evapotranspiration from leaf
surfaces, are directly related to canopy size. In addition, rainfall captured by
tree canopies is often directed down limbs and trunks into the soil at the base
of the tree—eﬀectively bypassing the pavement.

Trees are living organisms and have certain requirements in order to grow
well and provide long-term environmental bene�its. Here we will outline
issues with speci�ic tree selection and site design of special relevance to this
stormwater system. However, tree selection should never be undertaken
without quali�ied professional assistance (an urban forester, horticulturist,
arborist, or related professional). Pest resistance, urban forest diversity,
regional climate factors, growth form, invasive potential and numerous other
factors need to be weighed in the �inal selection.
Soil Chemistry

Structural soils can have very diﬀerent pHs than local mineral soils. Structural
soils with a limestone base will typically have high pH. A structural soil with a
granite base may have lower pH. The soil pH determines nutrient availability
among other things. A pH of 7 is neutral, with lower pH being acid and a
higher pH, basic or alkaline. The ideal pH for most trees is about 5 to 6.5, but
urban soils are typically very basic (pH 7.5 to 8.5) because of disturbance,
including concrete and limestone debris mixed into the soil. A typical
symptom of nutrient de�iciency caused by high pH is interveinal chlorosis, or
yellowing, of the leaves (Figure 10). If the structural soil used in the system
has a high pH, then a “pH tolerant” tree species should be used. These include
many elms and ashes and certain maples and oaks as well as a variety of other
species (see the tree guide sources at the end of this chapter). The key is to
test the structural soil pH and select trees that tolerate it.
Figure 10. Visual comparison of a healthy
pin oak leaf (le ) and a chloro c leaf
(right). This chlorosis ul mately interferes
with carbohydrate produc on in the plant
and is a result of nutrient de ciencies
stemming from elevated soil pH.
Photo by Susan Day.
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Innova ve Solu on: High Shipping Costs of Structural Soils for Western
States
High shipping costs can make using
Carolina Stalite, produced in North
Carolina, prohibi vely expensive
in Western states. The University
of California at Davis designed an
engineered soil from local, inexpensive
volcanic rock and gave it the name
of Davis Soil. This soil has been
successfully used to increase drainage
in open areas adjacent to parking lots
Figure 11. Davis Soil, a nonloadbearing
soil (i.e. not a
and in certain turf applica ons. Davis
structural soil) with high
Soil is not considered a structural
in ltra on rate and high poten al
soil because it cannot support
for water storage.
the weight of pavement, cars and
Photo by Qingfu Xiao.
other structures. It can maintain
perviousness under foot traﬃc and
supports healthy tree growth. It is very porous (40 % porosity), and so it is
able to store stormwater which can be then be used by trees. In addi on,
its large surface area with many nooks and crannies act to trap common
stormwater pollutants. Contact Qingfu Xiao at qxiao@ucdavis.edu for
more informa on on obtaining Davis Soil.
Soil Volume

Trees need enough room to grow—for their roots as well as their canopy.
Tree pits (a.k.a. cutouts, planters) should be as large as possible—but how
large is that? The key to designing sites that support large trees is to have
essentially unlimited rooting space. A typical 4 × 4 ft. cutout with no access
to surrounding soil limits tree growth almost immediately. A 25× 25 ft. cutout
limits growth very little until the tree is quite large. The usable rooting space
provided by any cutout can be expanded by a continuous structural soil bed
under pavement. Some species are more adept at exploiting weakness in
pavement, penetrating compacted soils, or reaching nearby open spaces.
However, the system should be designed to support the tree fully without
infrastructure damage. Structural soils have been shown to support
deeper root systems than conventional pavement pro�iles and therefore
should supply rooting space without compromising structural integrity.
Again, species selection and site conditions must be compatible so a plant
professional should be consulted. Always consider local regulations and
permitting requirements.
Chapter 2— System Design to Meet Site Requirements
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Drainage and Reservoir Capacity In�luence Tree Growth

This stormwater system collects water, and how it is designed will in�luence
tree root development. In experiments conducted with �lood tolerant species
(see Chapter 4, Tree Development in Structural Soils at Diﬀerent Drainage
Rates), root systems developed best when water was retained in the rooting
zone no more than 48 hours. Many �lood tolerant species, such as swamp
white oak (Quercus bicolor) or American elm (Ulmus americana) can survive
many months with inundated root systems, but survival alone is not suf�icient
in urban settings. If in�iltration into the soil below the reservoir is rapid, less
�lood-tolerant species may be selected. If in�iltration into the soil below is slow
and over�low pipes must be relied upon, then �lood-tolerant species should
be selected. Depending upon the �inal use of the space, other plants such as
turf or groundcovers can be used if climate permits. See Chapter 3 for more
information on surface treatments.
Although high water tables may limit tree rooting depth, when species
selection and site design allow trees to root into lower soil regions and
penetrate through impervious zones, they may be an eﬀective tool to increase
in�iltration (see Chapter 4, Tree Root Penetration into Compacted Soils
Increases In�iltration). This increase can be expected to be most dramatic
in highly restrictive soils. To ease establishment, trees should ideally be
established in mineral topsoil, with the structural soil components being
reserved for under the pavement. However, establishing trees directly in
structural soil can simplify installation. If trees will be irrigated regularly
during establishment and climatic conditions are appropriate, this approach
can be used.

Tree root systems are wide spreading. For maximum tree growth, provide
rooting area about twice the diameter of the ultimate canopy for which you
are designing.
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General tree guide sources:
Dirr, Michael. Woody Landscape Plants.
PLANTS Database, h p://www.plants.usda.gov/
Northern Trees, h p://orb.at.u .edu/TREES/index.html
Tree guide sources for the Eastern United States:
Appleton, B. 2001. New York / Mid Atlan c Gardener’s Book of Lists. Taylor
Publishing Company, Dallas.
Bassukm N.L. Cornell Department of Hor culture Woody Plant Database,
h p://hosts.cce.cornell.edu/woody_plants/
Bassuk, N.L., J. Grabosky, and P. Trowbridge, 2005. Using CU-Structural Soil in
the Urban Environment, h p://www.hort.cornell.edu/uhi/outreach/csc/index.
html
Day, S.D. Virginia Urban Tree Selector, h p://www.cnr.vt.edu/dendro/
treeselector/
Trowbridge, P.J. and N.L. Bassuk. 2004. Trees in the Urban Landscape: Site
Assessment, Design, and Installa on. Wiley and Sons, New York.
Tree guide sources for the Western United States:
McPherson, E.G., J.R. Simpson, P.J. Peper, Q. Xiao, D.R. Pi enger and D.R.
Hodel. 2001. Tree Guidelines for Inland Empire Communi es. Sacramento, CA:
Local Government Commission
McPherson, E.G., J.R. Simpson, P.J. Peper, K.I. Sco and Q. Xiao. 2000. Tree
Guidelines for Coastal Southern California Communi es. Sacramento, CA: Local
Government Commission
McPherson, E.G., J.R. Simpson, P.J. Peper and Q. Xiao. 1999. Tree Guidelines
for San Joaquin Valley Communi es. Sacramento, CA: Local Government
Commission

Chapter 2— System Design to Meet Site Requirements

Page R-46

23

Special Concerns
Soil Migra on
The excava on of a seven-year-old tradi onal installa on of a London plane
(Platanus x acerifolia) tree in CU-Soil with a pervious surface did not show
any aggregate migra on. The pores between stones in the structural soils are
mostly lled with soil so there are few empty spaces for soil to migrate to.
Frost Heave
By design, structural soils are gap-graded to provide rapid drainage, and limits
the silt frac on to be consistent with very low frost heave suscep bility as
de ned by the US Corp of Engineers Cold Weather Research Laboratories.
However, two important issues are related to this ques on. First, if the design
system is installed as a trench under the pavement, there needs to be an
awareness of the depths of layers in each pavement layer pro le, and their
diﬀerent frost heave poten als. The designer needs to be sure there is not a
major diﬀerence in frost heave poten al at the interface of the two systems
or else the pavement surface will move and crack as the total layered systems
will behave diﬀerently. Secondarily, frost concerns also suggest snow removal
concerns, so the placement of trees in the system and the needs of snow
removal and storage on site need to be addressed with the maintenance
authority to prevent the loss of the trees or damage to the system.
Observa on of structural soil throughout the US and Canada shows that the
depth of the reservoir negates any heaving due to consequent freezing and
thawing. Addi onally, there have been no observed instances of freeze/thaw
damage in any structural soil installa ons in the een plus years since its
incep on.
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his section describes two surface treatments that can be used with this
system: turf and porous pavement. The sections in this chapter are
summaries from manuals published by the Urban Horticulture Institute
(Cornell University). A citation to the complete manual is provided at the end
of each section.

Structural Soils and Turf
By Nina Bassuk, Ted Haffner,
Jason Grabosky, and Peter
Trowbridge
Introduction

Turf is primarily used as a
ground cover in residential
lawns, parks, playgrounds and
athletic �ields. It is used both for
providing a sense of open space
and as a protective surface for
recreation. If turf is properly
installed, it can have additional
uses such as limited access �ire
lanes, and parking lots. In these
instances, turf can contribute to
a sense of open green space and
reduce temperatures in urban
settings that may otherwise be
paved.

Figure 12. Area of park used for a weekly farmers
market in Chicago. Compac on from foot and
vehicle traﬃc has denuded the grass in this
sec on of the park.
Photo by Ted Haﬀner.

When turf is used for these
applications, however, it is
susceptible to traf�ic which
will compact the soil. These
situations also limit drainage,
healthy root growth, and the
ability of turf to grow at all.

Cornell Developments in Turf
Use
Cornell University has
combined turf with structural
soil to create a healthy growing
medium for the grass that
withstands traf�ic, is designed
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Figure 13. Photo simula on of turf-covered
perimeter parking at a big box lot in Ithaca, NY.
For best results, turf should be only placed in
parking stalls and not in driving lanes of the
parking lot.
Photosimula on by Ted Haﬀner.
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to be virtually maintenance free, and can be used in areas that receive high
levels of both pedestrian and vehicular traf�ic. These areas include open �ield
public gathering spaces, �ire lanes, and parking lots.

Structural soils have two bene�its. The �irst is that structural soil is designed to
be compacted, and will therefore withstand heavy amounts of traf�ic, allowing
both people, cars and temporary structures to safely use a turf covered surface
installed on structural soil. In addition, the system can allow water to in�iltrate
the turf surface and hold it in a reservoir underneath the grass. Increased
water and air within the structural soil media not only allows for healthier
root and shoot growth for the grass, but also allows rainwater and runoﬀ to
be collected and held within the reservoir in large amounts until it can slowly
in�iltrate into the ground below. This reduces the need for drainage and sewer
system infrastructure and also recharges the groundwater levels over time.
This combination, then, not only serves the environment from a water quality
standpoint, but also adds a “sustainably green” component to highly urbanized
areas.

Figure 14. Aerial view of structural soil and turf experimental plots at Cornell University
in Ithaca, NY. Surface Treatments: PA= Porous Asphalt, Z= Zoysia Grass, F= Tall Fescus,
C= Tradi onal Asphalt.
Graphics by Ted Haﬀner. Underlying photo by Google Earth.
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Figure 15. Construc on detail for turfgrass
and structural soil pro le. Note that the 24”
reservoir depth was based on local rainfall data
and will vary by region according to the local
rainfall data and/or an cipated runoﬀ amounts.
Figure by Ted Haﬀner.

• Minimize vehicular wear on the turf as much as possible. To do this, place
turf only in parking stalls and not the driving lanes of the lot.
• Angle parking stalls to minimize turning from automobile wheels. Excessive
turning causes the turf grass leaf blades to tear and can create bare patches in
the turf. Research indicates that turf can recover from this damage but it takes
extra me.
• Use turf only in over ow parking areas on the outskirts of large parking lots.
• Use inset stonework between stalls, or posts to demark parking stalls. This
design maneuver may cost more upfront to install, but will save me and
money during post-installa on maintenance.
• Specify proper post-installa on maintenance regimes. Mowing every 10
days is necessary, as is the applica on of annual fall fer liza on with proper
applica on rates.
• Never snow plow the turf por on of the parking lot. The blades from the
plow will damage the turf surface, removing the turf and necessita ng costly
replacement.

Chapter 3— Surface Treatments
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Designing and Working with Turf and Structural Soil
Contrary to popular belief, growing healthy turfgrass is very dif�icult to
achieve. With many diﬀerent factors involved in the process, it is not as simple
as spreading seed or unfurling a roll of sod. Proper decision making at every
step of the planning, design, installation, and post-installation process are
absolutely necessary.
Working with turf and structural soil requires a change in the way that
designers and contractors go about their work. Rather than just installing
sod or seeding grass directly onto existing soil, entire areas will need to be
excavated to a depth of at least 18” to 24” (to accomodate stormwater- see
Table 2), depending on the desired reservoir depth, and �illed with structural
soil. Once the structural soil mix is in place it must be compacted with a
vibratory or rolling compactor. Once compacted, the sod should be installed
directly onto the structural soil and then irrigated for a number of weeks
until established. Once established, research indicates that maintenance
requirements are minimal, other than regular mowing and periodic
fertilization.
With the previous guidelines, a few simple construction details will provide
the bulk of information needed for bidding and installation of a construction
project. While a few simple drawings are helpful, keep in mind that every
design is diﬀerent and will necessitate the level of detail appropriate for
each diﬀerent design scenario. Additional details will be needed for, ADA
compliance curbing, tree planting and staking, hydrant water supply, signage
FAQs
What type of maintenance is needed for a turfgrass and structural soil system?
Our research was performed with the idea of the most basic maintenance
regime in mind. Test plots on the Cornell campus received no maintenance
other than rou ne mowing once every 7 to 10 days during the growing season.
Addi onal annual fer liza on in the fall is recommended with the proper
applica on rates.
What happens when neighboring tree roots expand in structural soil?
There will come a me when the roots will likely displace the stone because
there are no pavement layers above the structural soil, but if the roots are,
as we have observed, deep down in the pro le, the pressure they generate
during expansion would be spread over a larger surface area. We have seen
roots move around the stone and actually surround some stones in older
installa ons, rather than displace the stones.
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Case Study
Turf on CU-Soil has been successfully used at a Mercedes dealership (Crown
Automobile) in Alabama. At this installa on, the soil in an en re median
was excavated and replaced with CU-Soil and then sod was placed on top.
The median can now properly withstand the compac on from the weight
of the cars and serves as a exible open space for the dealership, providing
impromptu space to display inventory, or as over ow parking for the
dealership. A er three years, this installa on is maintenance free and as
healthy as the day it was installed.
Figure 16. In winter
when the sod is
dormant, the median
serves as addi onal
storage and display
space for the
dealership inventory.
This exibility is
invaluable to the
dealership.
Photo by Bill Isaacs.

Citation:
Haﬀner, E.C. 2008. Porous asphalt and turf: exploring new applications
through hydrological characterization of CU Structural Soil and Carolina
Stalite Structural Soil. Master’s Thesis. Department of Horticulture, Cornell
University.
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Using Porous Pavement on Structural Soils
By Ted Haffner, Nina Bassuk, Jason Grabosky, and Peter Trowbridge
A porous asphalt system allows water to �low through the pavement and into
a reservoir of structural soil beneath the surface. There water can slowly �ilter
into the subgrade below, naturally recharging groundwater levels.

Porous asphalt is similar to traditional asphalt in every way but the mix
speci�ication. Unlike traditional asphalt, porous asphalt leaves out �ine
particles in the mix. Leaving out these �iner particles leaves gaps within the
pro�ile of the asphalt that allow water to �low through the pavement, rather
than over the pavement. In order for the water to properly in�iltrate, slopes on
porous pavements should be limited to 1-6%.

Figure 17. The le gure shows rain on a tradi onal asphalt parking lot- a er it hits the
surface it typically runs oﬀ into a storm sewer system. The right gure shows rain on
a porous asphalt parking lot- a er it its the surface it in ltrates through the pavement
into the structural soil reservoir below. Water then in ltrates into the ground,
recharging the groundwater over me.
Both gures by Ted Haﬀner.

Structural soil and porous asphalt are a new combination of 15- and 30-yearold technologies. As such, the �irst installation of this combination exists
in Ithaca, NY and was installed in 2005. Porous asphalt parking lots are
numerous and the oldest include the Walden Pond Reservation in Concord,
MA, the Morris Arboretum in Philadelphia, PA, as well as an ever expanding
list of corporations and universities across the United States. Structural
soil has been used extensively without porous asphalt pavement and the
two oldest installations date to 1994; the �irst is a honeylocust (Gleditsia
triacanthos) planting at the Staten Island Esplanade Project in New York City,
the second is a London planetree (Platanus acerifolia) planting on Ho Plaza
on the Cornell campus, Ithaca, NY. There are now hundreds of installations of
various sizes across the United States and Canada.
30
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Figure 18. A comparison of tradi onal asphalt (le ) and
porous asphalt (right) when wet. The gaps created by
leaving out the ner par cles in porous asphalt allow
water to in ltrate pavement and into the structural soil
reservoir below. As a result, porous asphalt appears
dull when wet, because water runs through and does
not pond, which creates a high fric on surface.
Photo by Ted Haﬀner.

Concerns of Clogging

The best maintenance for any type of porous pavement is a vacuum treatment
every two to �ive years to remove sediment from the pores within the
pavement, although the oldest installations have never been vacuumed and
show little eﬀects of clogging. Porous asphalt systems should not be pressure
washed since this treatment further embeds sediment within the surface.
Additionally, porous asphalt systems should never be sealed. Once a sealant is
applied, the system will not work ever again.
Porous Bituminous Asphalt Speci ication

Ithaca, NY Porous Asphalt Medium Duty Parking Lot

1. Bituminous surface course for porous paving shall be two and one-half (2.5)
inches thick with a bituminous mix of 5.5% to 6% by weight dry aggregate.
In accordance with ASTM D6390, draindown of the binder shall be no greater
than 0.3%. If more absorptive aggregates, such as limestone, are used in the
mix then the amount of bitumen is to be based on the testing procedures
outlined in the National Asphalt Pavement Association’s Information Series
131 – “Porous Asphalt Pavements” (2003) or NYSDOT equivalent.
Chapter 3— Surface Treatments
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2. Use neat asphalt binder modi�ied with an elastomeric polymer to produce a
binder meeting the requirements of PG 76-22. The elastomeric polymer shall
be styrene-butadiene-styrene (SBS), or approved equal, applied at a rate of
3% by total weight of the binder. The composite materials shall be thoroughly
blended at the asphalt re�inery or terminal prior to being loaded into the
transport vehicle. The polymer modi�ied asphalt binder shall be heat and
storage stable.
3. Aggregate in the asphalt mix shall be minimum 90% crushed material and
have a gradation of:
U.S. Standard

Sieve Size Percent Passing
½” (12.5mm) 100

3/8” (9.5mm) 92-98
4 (4.75mm) 32-38
8 (2.36mm) 12-18
16 (1.18mm) 7-13
30 (600 mm) 0-5
200 (75 mm) 0-3

4. Add hydrated lime at a dosage rate of 1.0% by weight of the total dry
aggregate to mixes containing granite. Hydrated lime shall meet the
requirements of ASTM C 977. The additive must be able to prevent the
separation of the asphalt binder from the aggregate and achieve a required
tensile strength ratio (TSR) of at least 80% of the asphalt mix.

The asphaltic mix shall be tested for its resistance to stripping by water in
accordance with ASTM D-3625. If the estimated coating area is not above 95
percent, anti-stripping agents shall be added to the asphalt.
Citation:

Haﬀner, T., Bassuk, N.L., Grabosky, J., and P. Trowbridge. 2007. Using Porous
Asphalt and CU-Structural Soil. http://www.hort.cornell.edu/uhi/outreach/
csc/index.html Urban Horticulture Institute, Cornell University, Ithaca, NY.

32

Page R-55

Day, S.D. and S.B. Dickinson (eds.) 2008. Managing Stormwater for Urban
Sustainability Using Trees and Structural Soils.

Based on Research by Julia Bartens, Susan Day, Joseph E. Dove, J. Roger
Harris, and Theresa Wynn, Virginia Tech
Research Summary
A container experiment with
recently transplanted black
oak (Quercus velutina) and red
maple (Acer rubrum) tested
whether roots can penetrate into
compacted soil and once they
penetrate, if they can increase
water in�iltration. Both tree
species were grown in pine bark
and surrounded on all sides
and the bottom with compacted
soils. Within 12 weeks, both tree
species were able to penetrate
into compacted soil and increase
in�iltration. Roots penetrating
into subsoil increased in�iltration
by 153%. There was no
diﬀerence in performance
between black oak (coarse roots)
and red maple (�ine roots).

Figure 19. Ash roots penetra ng geotex le a er
compacted subsoil has been washed away.
Roots increased in ltra on by a factor of 27.
Photo by Susan Day.

In a second container experiment, green ash (Fraxinus pennsylvanica)
were grown in CU-Soil and were separated from the compacted subsoil by
geotextile. Roots were able to penetrate into compacted subsoil and increase
the in�iltration rate by a factor of 27.
Next Steps/Research Needs

This research was done in containers and research con�irming that this also
applies to larger scale trees in the ground needs to be done. Tree species with
diﬀerent requirements should also be observed.

Citation

Bartens, J., S. D. Day, J. R. Harris, J. E. Dove, and T. M. Wynn. 2008. Can urban
tree roots improve in�iltration through compacted subsoils for stormwater
management? Journal of Environmental Quality, 37 (6):2048-2057.
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Chapter 4— Research and
Recommendations

Tree Root Penetration into Compacted Soils Increases
Inﬁltration

Tree Development in Structural Soils at Different Drainage
Rates
Based on Research by Julia Bartens, Susan Day, J. Roger Harris, Joseph E.
Dove, and Theresa Wynn, Virginia Tech
Research Summary
A container experiment involving 2 tree species (swamp white oak (Quercus
bicolor), and green ash (Fraxinus pennsylvanica), 3 drainage rates (slow,
medium, rapid), and 2 structural soils (CU-Soil and Carolina Stalite)
evaluated the optimal reservoir detention times for tree root development
and water uptake from the reservoir. Structural soils had an impact on root
distribution— tree roots grew wider in Carolina Stalite than with CU-Soil.
Drainage rate also had an impact on tree growth; Root:shoot ratios for swamp
white oak were much higher for the slow drainage treatment and trees were
smaller with shallow root systems. Green ash trees were more �lood tolerant
and no diﬀerence in Root:shoot ratios for the diﬀerent drainage rates was
observed but roots did grow deepest in the rapidly draining treatment.
Recommendations based on this research

In general, water should drain from the parking lot within 2 days so adequate
root systems can develop. For water uptake from the reservoir it is clearly
bene�icial to have root systems explore the full reservoir depth. Prolonged
inundation can prevent this deeper root exploration, depending upon species.
Transpiration rates were varied but similar to trees grown in traditional
landscapes. Of course, size of tree canopy is important in determining
amount of water that can be removed. In general, the largest trees with the
best developed root systems removed the greatest amount of water from the
stormwater reservoirs.
Next Steps/Research Needs

Temperatures of the structural soils could be compared in future experiments
because this could also be aﬀecting the root growth and maybe of interest if
water does exit the system through an over�low pipe (because of the potential
for thermal pollution of waterways). In addition, a �ield study would give more
information about lateral root growth (which was limited in this experiment
because of containers). Although tree species with similar �lood/drought
tolerances can be expected to respond similarly, more species trials would be
useful.
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Citation
Bartens, J., J. R. Harris, S. D. Day, J. E. Dove, and T. M. Wynn. 2008 Ecologically
integrated stormwater distribution using urban trees and structural soils. (in
review)

Drainage Rate at the Mini Parking Lot Demonstration Site in
Blacksburg, VA
Based on Research by Mona Dollins, Virginia Tech
Research Summary

A Mini Parking Lot demonstration site which had a Carolina Stalite structural
soil reservoir (18’ x 18’ x 23”) was completely �illed with water and then
allowed to naturally drain into the clay textured subsoil beneath. The water
levels were checked from 15 observation wells every 5 minutes (during the
�irst 40 minutes) to 15 minutes (during the remainder of the experiment) to
determine the speed of drainage and lateral water movement through the
system.

Within 2.5 hours, the water had completely drained from the reservoir. Lateral
water movement within the reservoir was very rapid through the structural
soil media traveling over 18 feet in a matter of minutes.
Next Steps/Research Needs

Drainage data from larger systems, at varying depths, and diﬀerent types of
subsoils should be tested to gain better understanding of the systems behavior
in diﬀerent conditions.

Note: some �ine textured soils will not drain as quickly as they did in this
trial. An initial soil drainage test and incorporating an overflow pipe is always
recommended (see the blue box on page 15).

Chapter 4— Research and Recommendations
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System Effects on Water Quality
Based on Research by Qingfu Xiao, University of California at Davis
Research Summary
Research shows that 97.9-99% of the hydrocarbons found in pollutants
such as oil are suspended within the �irst few inches of the surface. During
suspension, microorganisms biodegrade the hydrocarbons into their
constituent parts of simple chemical components which cease to exist as
pollutants and render them harmless to the environment.

Surface runoﬀ from four types of parking lots was collected (commercial,
older institutional (>10 years), newer institutional (<3 years), and
residential). Pollutant removal (nutrients, heavy metals, soil column tests) by
3 types of substrates (CU-Soil, Davis Soil, and Carolina Stalite) were compared.
Tests: single event test, multiple events test and synthetic runoﬀ test.
All three engineered soils were eﬀective at removing nutrients and materials
in polluted surface runoﬀ. Pollutant removal rates were strongly related to the
type and size of the rainfall event.

Next Steps/Research Needs

Research that determines the pollutant saturation point for these soils should
be done. Also, the �igures reported are baseline data for structural soils alone.
Once tree roots explore the reservoir it is expected that they would enhance
pollutant removal— but research is needed to accurately evaluate these
eﬀects.
How eﬀective the system is at removing/degrading nutrients and pollutants
with trees in the system.

How can pollutant �luxes be balanced in the system? In heavily polluted areas
other BMPs need to be used for pre-treating the surface runoﬀ.
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Table 3. Pollutant removal of single storm event. CU= CU Soil, CS= Carolina Stalite, and
DS= Davis Soil.
Table by Qingfu Xiao.

Table 4. Pollutant removal of mul ple storm events. CU= CU Soil, CS= Carolina Stalite,
and DS= Davis Soil.
Table by Qingfu Xiao.
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CU-Soil is a patented material and must be purchased from a licensed supplier.
Amereq (http://www.amereq.com/) licenses the manufacturing of CU-Soil to
ensure quality control of installations.
Carolina Stalite is composed primarily of a manufactured component available
from Carolina Stalite Company (Salisbury, NC). It is available through the
horticultural division of Carolina Stalite (www.permatill.com).
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Appendices

Note: These structural soil speci�ications are provided as a convenience
to the reader and are presented “as is” from resources provided by the
manufacturers or licenses. Inclusion of the speci�ications in no way represents
an endorsement of or warranty of these products by Virginia Tech, Cornell
University or University of California at Davis or any of their employees.

CU-Soil Speciﬁcation and Mixing Procedure
CU-Soil is a patented material and must be purchased from a licensed
supplier. Amereq (http://www.amereq.com/) licenses the manufacturing
of CU-Soil to ensure quality control of installations.
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Carolina Stalite Structural Soil Speciﬁcation
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