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1. INTRODUCTION 

 

1.1 PURPOSE 

This report presents a Preliminary Stormwater Quality Management Plan (SQMP) for the 
Cloverdale Rancheria Fee-to-Trust and Resort Casino Project, in northern Sonoma County, 
California. This report describes the proposed project and presents proposed stormwater best 
management practices (BMPs) to manage stormwater runoff and protect water quality at the 
project site.  As project planning continues, this Preliminary SQMP will be refined to include the 
proposed design of BMPs and details on operations and maintenance of proposed BMPs. 
  

1.2 OBJECTIVES  

Proposed stormwater management practices for the project have been developed in light of the 
Santa Rosa Area Standard Urban Storm Water Mitigation Plan (SUSMP) guidelines, the Regional 
Water Quality Control Board’s (RWQCB) Water Quality Control Plan for the North Coast 
Region (Basin Plan), and the National Pollutant Discharge Elimination System (NPDES) under 
Section 402 of the Clean Water Act. Current stormwater management regulations recognize a 
need for levels of stormwater management BMPs that reduce the amount of impervious area, 
control the sources of pollutants, limit erosive flows, and treat stormwater before it enters a 
receiving stream. This report addresses each of these levels of stormwater management and is 
based on the following objectives: 
 

 Identifying the regulatory framework for establishing a stormwater management strategy. 

 Identifying and protecting beneficial uses of the Russian River. 

 Developing a tiered approach to stormwater management that results in project-wide 
water quality and flow control benefits. 

 Developing sizing parameters and locations for proposed BMPs. 

 Providing reasonable assurance that the proposed stormwater management approach 
meets the goals of NPDES and the Clean Water Act.  
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2. BACKGROUND INFORMATION 
 

2.1 LOCATION AND DESCRIPTION 

The Cloverdale Rancheria project site is located in northern Sonoma County, California within 
the sphere of influence of the City of Cloverdale. The project site is 69.8 acres and is bound by 
the City of Cloverdale wastewater treatment plant to the north, industrial warehouses and storage 
facilities to the south, Highway 101 and residential neighborhoods to the west, and the Russian 
River and agriculture to the east. Porterfield Creek flows from the northwest corner of the project 
site to the southeast corner parallel to and along the east side of the Northwestern Pacific Railroad 
tracks which bisect the site. The project site is shown in Figure 1. 
 

2.1.1 Existing Land Uses  
 
There are six rural residences and associated outbuildings on the project site, including barns, 
horse paddocks, and corrals. The eastern portion of the project site is used as vineyards. North of 
the vineyards is a wastewater treatment pond operated by the City of Cloverdale.  
 
The existing drainage pattern for the project site is shown in Figure 2. Drainage on both the 
northeastern and southwestern parcels is provided by existing agricultural ditches, as well as 
Porterfield Creek, which flows in a southeasterly direction along the western boundary of the 
northeastern parcel. Coyote Creek flows in an easterly direction along the southern edge of the 
southwestern parcels, crosses under the railroad via an existing culvert, and joins with Porterfield 
Creek before discharging into the Russian River near Kelly Road. 
 
Drainage from the northeastern parcel, currently planted as a vineyard, generally flows from 
north to south. Surface runoff from the northern half of the vineyard either infiltrates into the 
ground or flows into Porterfield Creek and/or the Russian River (depending on location and 
volume of flows). Runoff from the southern half of the vineyard is channeled via natural low 
points into Porterfield Creek near the southeast corner of the vineyard.  
 
Stormwater drainage from the southwestern parcels flow off-site via four culverts. Sheet-flow 
runoff occurs along the northwestern end of the parcels, the easternmost portion of the parcels, 
and along the southern boundary of the parcels, adjacent to Coyote Creek. Two of the existing 
culverts, located along the northeastern boundary of the parcels, pass under the railroad tracks and 
discharge indirectly to Porterfield Creek.  
  
Drainage from areas located off-site is channeled onto or across the project site at several places, 
but primarily along its northern and western boundaries. These include areas where stormwater 
run-on (e.g., the flow of stormwater onto the project site) occurs associated with Heron Creek, as 
well as stormwater discharges from US 101 and the foothill areas to the west.  
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Stormwater run-on occurs along the northern end of the site associated with Heron Creek, which 
has a watershed area of over 1,000 acres. Prior to the construction of US 101, this creek flowed 
along the west side of the City’s wastewater treatment plant (WWTP) and joined Porterfield 
Creek near the northwest corner of the site. However, during construction of US 101, Porterfield 
Creek was altered and caused flooding north of the site (specifically, north and west of the City’s 
WWTP). 
 
In addition to run-on associated with Heron Creek, additional stormwater flows are channeled 
onto the site via two existing culverts that discharge runoff from US 101 and the foothill areas to 
the west of US 101. The culverts discharge water at the west boundary of the project site, and the 
tributary area for each is approximately 20 acres. 
 
As part of the Draft Environmental Impact Statement (DEIS) for the project, a wetland 
delineation has been prepared in accordance with US Corps of Engineers guidelines (ESA, 2009). 
This delineation found that the area of Clean Water Act jurisdictional wetlands is approximately 
1.6 acres. Other isolated wetlands located on site total approximately 0.76 acres. These features 
include relatively permanent waters, freshwater emergent wetland, and seasonal wetland.  
 

2.1.2 Soils  
 
Soils at the project site have been mapped by the United States Natural Resources Conservation 
Service (NRCS, 1972). Soils have been classified according to their hydrologic soil group, a 
classification of soils by infiltration rate. The hydrologic soil group classification is summarized 
in Table 1.  
 

Table 1. Hydrologic soil groups 

Hydrologic soil group 
Minimum 

infiltration rate 
(inches/hour)

Soil texture 

A 0.3-0.45 San, loamy sand, or sandy loam 
B 0.15-0.30 Silt loam or loam 
C 0.05-0.15 Sandy clay loam 

D 0-0.05 
Clay loam, silty clay loam, sandy 

clay, silty clay or clay. 
 
Mapped hydrologic soils groups for the project site are shown in Figure 3. Then entire project 
site is classified as hydrologic soil group D, meaning that soils are primarily clayey in texture and 
have a very low infiltration rate.  
 

2.1.3 Proposed Land Uses 
 
The proposed project (referred to as Alternative A) includes an 80,000 square-foot casino, 
287,000 square-foot hotel with 244 rooms, 48,600 square-foot convention center, 28,100 square-
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foot entertainment center, 3,400 garage and surface parking spaces, and other ancillary facilities. 
A 20,000 square-foot tribal government building is proposed on the south end of the project site. 
Buildings would have a height of up to two stories above grade with the exception of the hotel 
and parking garage which would have a height of up to five stories above grade. 
 
Four alternatives to the proposed project are analyzed in the DEIS and are referred to as 
Alternatives B through E. The casino and hotel under Alternative B would be reduced in scale 
and would not include a convention center. Alternative C would not include a convention center 
and the size of the casino would be reduced further than in Alternative B. Under Alternative D, 
only the casino and tribal government building would be constructed. Alternative E includes 
commercial retail and office center with light industrial warehouse space. Table 1 provides 
information on the proposed land cover types associated with each alternative.  
 
Table 2. Impervious and pervious area summary for proposed project and alternatives.  
 

Alternative 

Pervious areas Impervious areas 

Parking and 
circulation 
(pervious) 

Land-
scaping Roofs 

Sidewalks 
and 

patios 

Parking and 
circulation 

(impervious) 

Total 
impervious 

Impervious 
percentage 

(acres) (acres) (acres) (acres) (acres) (acres) 
A (Proposed 

project) 5.3 9.9 7.6 3.7 5 16.3 52% 
B 5.6 11.6 7.1 3.5 3.8 14.4 46% 
C 5.3 11.8 7.1 3.5 3.8 14.4 46% 
D 4.4 16 5.9 1.5 3.8 11.2 35% 
E 7.2 17.5 3.9 0 2.9 6.8 22% 

Source: Cloverdale Rancheria Fee-to-Trust and Resort Casino Project Draft EIS 

 
Under Alternatives A through D, a 0.48-acre portion of the jurisdictional seasonal wetlands and 
0.04 acres of an agricultural ditch on the project site would be filled. Alternative E would fill 0.44 
acres of jurisdictional seasonal wetlands and 0.04 of the agricultural ditch. This was considered a 
potentially significant impact in the DEIS that was mitigated through Mitigation Measure 5.5-2, 
which would require the preservation or creation of similar habitat at a ratio of no less than 1:1. 
An on-site wetland mitigation area is proposed in the western portion of the project site under 
Alternatives A through E to fulfill this mitigation measure.  
 

2.2 REGULATORY BACKGROUND 

 
2.2.1 Tribal, Federal, State, and Local Regulations 

 
As the project site is proposed to be taken into federal trust on the behalf of the Cloverdale 
Rancheria of Pomo Indians, the proposed project must comply with applicable federal 
requirements, including Section 402 of the Clean Water Act, or the National Pollutant Discharge 
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Elimination System (NPDES) (as administered through the U.S. EPA Region IX), and the 
National Environmental Policy Act (NEPA). In addition, as part of NEPA, the project would be 
required to make a best faith effort to mitigate potential adverse effects per the local or state 
threshold guidelines. The project would voluntarily comply with the Basin Plan and SUSMP. 
Each of the relevant federal, state, and local regulations are described below. Aside from Section 
402 of the Clean Water Act, there are no tribal laws regarding water quality or stormwater that 
apply to the project site. 
 

2.2.2 National Pollutant Discharge Elimination System 
 
The Federal Clean Water Act as amended in 1987 provides a framework for regulating 
stormwater discharge from municipal sources. A major component of the 1987 amendments is the 
NPDES which requires municipal stormwater dischargers to receive a Municipal Discharge 
Permit for new stormwater outfalls. Discharge permits are issued to prevent the discharge of 
pollutants resulting from point sources and non-point sources. Non-point source pollution is 
pollution that is diffuse across a site that cannot be attributed to a particular source or activity. 
Common non-point source pollutants in municipal areas include fertilizers, metals, oil and grease, 
sediment and nutrients.  
 
Stormwater discharges in unincorporated Sonoma County are permitted through the Small 
Municipal Separate Storm Sewer System General Permit (General Permit, CAS000004) issued 
May 20, 2004 by the State Water Resources Control Board.  Consistent with the requirements in 
the General Permit, Sonoma County adopted its Stormwater Quality Ordinance, which requires 
new development and redevelopment projects to implement post-construction runoff management 
BMPs for purposes of minimizing pollutant loads to receiving waters. The guidelines for the 
SUSMP, released June 3, 2005, provide information on how to comply with these requirements. 
Proposed BMPs presented in this report have been developed in light of these objectives. 
 

2.2.3  Water Quality Control Plan for the North Coast Region 
 
Region 1 of the RWQCB has established the Water Quality Control Plan for the North Coast 
Region (Basin Plan), which establishes water quality standards for the North Coast Basin as 
required by the Clean Water Act. The Basin Plan identifies beneficial uses for the surface and 
ground waters of the region and water quality and quantity objectives for these waters. The 
receiving body of water for this project is the Russian River and its designated beneficial uses are 
summarized in Table 2. New development and redevelopment projects must be designed to 
protect these beneficial uses.  
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Table 3. Designated Beneficial Uses for the Russian River 
Existing Beneficial Use Code Description 
AGR Agricultural Supply 
COLD Cold Freshwater Habitat 
COMM Commercial and Sport Fishing 
FRSH Freshwater Replenishment 
GWR Groundwater Recharge 
IND Industrial Service Supply 
MIGR Migration of Aquatic Organisms 
MUN Municipal and Domestic Supply 
NAV Navigation 
RARE Preservation of Rare and Endangered Species 
REC-1 Water Contact Recreation 
REC-2 Non-Contact Water Recreation 
SPWN Spawning, Reproduction, and /or Early Development 
WARM Warm Freshwater Habitat 
WILD Wildlife Habitat 
Potential Beneficial Use Code Description 
AQUA Aquaculture 
PRO Industrial Process Supply 
POW Hydropower Generation 
SHELL Shellfish Harvesting 
Source: RWQCB, 2007 
 

2.2.4 Russian River TMDL Program (303d list)  
 
The Russian River is listed as an impaired water body under section 303(d) of the Clean Water 
Act (CWA). The United States Environmental Protection Agency (EPA) identified sediment and 
temperature as the causes for impairment for the immediate reach of the Russian River 
downstream of the proposed project. Further downstream, reaches are also impaired by pathogens 
and as a result, the RWQCB is charged with developing Total Maximum Daily Loads (TMDL) 
for these pollutants. In 2004, the RWQCB adopted the Total Maximum Daily Load 
Implementation Policy Statement for Sediment Impaired Receiving Waters in the North Coast 
Region, also known as the Sediment TMDL Implementation Policy, to control sediment waste 
discharges to impaired water bodies. 
 

2.2.5 Santa Rosa Area Standard Urban Storm Water Mitigation Plan 
 
The SUSMP requirements were adopted by the North Coast RWQCB in June 2003. The SUSMP 
requirements are part of the Storm Water Management Plan adopted by the County of Sonoma, 
and Sonoma County Water Agency. The SUSMP administrative boundary includes the City of 
Santa Rosa and unincorporated areas near the cities of Healdsburg, Windsor, Santa Rosa, Rohnert 
Park, Cotati, Sebastopol, Petaluma and Sonoma. The project site is not included in the SUSMP 
administrative boundary; however, the project is voluntarily complying with these requirements 
to protect downstream water resources. 
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The goals of the SUSMP are to manage 1) storm water quality, 2) storm water quantity, and 3) to 
conserve natural areas within development sites. As stated above, the proposed project site is not 
included within the SUSMP administrative boundary but is complying with these requirements 
voluntarily. Preliminary storm water mitigation plans are required for projects subject to the 
SUSMP and must include source and treatment control BMPs as well as long-term maintenance. 
In particular the SUSMP requires:  
 
 Treatment of stormwater for flows up to the 85th percentile mean annual 24-hour rainfall 

intensity (0.21 inches per hour), and  
 Minimizing downstream erosion by limiting the post-project peak runoff from the two-

year 24-hour storm event to pre-project rates.  
 
These requirements drive the selection, sizing, and location of treatment and flow control BMPs 
as described in Section 3.3.  
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3. PROPOSED BEST MANAGEMENT PRACTICES 

 
Proposed BMPs to manage stormwater quality and flow control focus on three tiers of 
application. In order of effectiveness, these are: limiting directly-connected impervious area, 
controlling the sources of pollutants, and treating stormwater. This tiered approach to stormwater 
management has been shown to be most effective in controlling non-point source pollution, and is 
the approach advocated by the California Stormwater Quality Association, the Bay Area 
Stormwater Management Agencies Association, and the RWQCB. The following section presents 
proposed BMPs for each of the three tiers of water quality management practices.  
 

3.1 MEASURES TO LIMIT IMPERVIOUSNESS 

Directly connected impervious area (DCIA) is the largest contributor to non-point source 
stormwater pollution. DCIA is any impervious area, such as parking lots, streets, driveways, 
rooftops, and sidewalks that drains directly to a traditional stormdrain system. When stormwater 
runoff flows across impervious area, it can mobilize oil, grease, sediment, and other pollutants 
and carry them to the stormdrain network and the receiving stream. DCIA reduces the amount of 
land that is available for stormwater infiltration and retention. This causes an increase in the 
amount and velocity of runoff, which can further degrade receiving channels. Limiting the 
amount of DCIA increases the amount of land available for infiltration and provides a slower 
pathway for stormwater. Limiting DCIA also increases the contact time of stormwater and 
vegetation, allowing biological and soil adsorption processes to filter and remove stormwater 
pollutants. The proposed project is anticipated to result in a net increase of to 16.3 acres of new 
impervious surface. The following BMPs have been incorporated into the proposed site design to 
limit the amount of DCIA. 
 

3.1.1 Minimized Impervious Area 
 
The proposed site plan is intended to minimize impervious area within the project site. Within the 
western half of the project site where the proposed casino and supporting uses would be located, 
48 percent of the site would remain pervious. Under Alternatives B through E, the project site 
would remain 54, 54, 65, and 78 percent pervious, respectively. Alternatives A thorough D 
contain a five-story parking structure located at the northern end of the site. Parking structures 
reduce DCIA by consolidating parking under multi-story facilities instead of spread across the 
site. 
 

3.1.2 Pervious Pavement 
 
Traditional paving results in stormwater sheet-flow across a paved surface, which carries 
pollutants directly to the stormdrain network. Pervious pavements attenuate sheet-flow and 
remove both soluble and fine particulate pollutants by allowing stormwater to filter through a 
permeable, load-bearing surface to either infiltrate to underlying soils to an underdrain. Examples 
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of pervious pavements include permeable asphalt and concrete or unit pavers separated by spaces 
that water can drain through.  
 
Pervious pavement on project driveways and surface parking areas is proposed to reduce runoff 
and further reduce the amount of DCIA on the project site.   Given the low-infiltration of soils at 
the project site, pervious pavement will likely be underdrained. According to the SUSMP, 
pervious pavements provide peak flow reduction, but do not provide water quality treatment. 
Therefore all underdrains from pervious pavement areas will be connected to treatment BMPs, as 
described in Section 3.3 of this document.  Areas where pervious pavement is proposed are 
shown for each alternative in Figure 6A through Figure 6E. 
  

3.2 MEASURES TO CONTROL SOURCES OF POLLUTANTS 

In addition to site-design elements that seek to limit the amount of impervious area, source 
control BMPs are proposed to prevent the introduction of pollutants to storm water runoff. All 
proposed BMPs will be consistent with SUSMP requirements. The following sections discuss 
each of the proposed pollutant source control BMPs.  
 

3.2.1 Parking lot sweeping 
 
Regular sweeping of parking and circulation areas can help remove sediment, debris, and other 
pollutants that can accumulate these surfaces. The project proponent will contract with a 
maintenance company to provide parking lot sweeping as part of the landscape maintenance 
program. Additionally, the project site will be kept free of trash, animal waste, and other debris 
through routine grounds keeping.  
 

3.2.2 Trash Storage Areas 
 
Trash and recyclables storage areas will be paved and designed to prevent runoff and run-on from 
adjacent areas. All trash and recyclables storage areas will contain a roof or awning to minimize 
direct rainfall, and dumpsters will be equipped with lids to exclude rain. If drains are installed in 
the storage areas, they will be connected to the sanitary sewer system. 
 

3.2.3 Roofs, Gutters, and Downspouts 
 
The project roof design will seek to minimize the use of unprotected metals that may leach into 
stormwater discharges. Additionally, all roofs and downspouts will drain to treatment BMPs or 
landscaped areas, which will help to remove pollutants that may build up of roofs. Landscaped 
areas will be designed so that drainage from roofs will not result in erosion that would carry 
sediment into the storm drain system.  
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3.2.4 Loading and Unloading Dock Areas 
 
The drainage scheme for the site design will ensure run-on and runoff is unable to carry 
hazardous materials and debris from loading and unloading dock areas. Loading dock areas will 
be covered to prevent rainfall from mobilizing contaminants. Drains within the dock areas will be 
connected to the sanitary sewer system and drainage will be conveyed to the onsite wastewater 
treatment plant. Roof downspouts will not be directed toward dock areas.  
 

3.2.5 Interior Floor Drains 
 
All interior floor drains in proposed buildings will connect to the sanitary sewer to assure that 
interior drain water is treated before discharge. 
 

3.2.6 Hazardous Waste Collection and Recycling 
 
California law requires all businesses that handle hazardous materials to file a Hazardous 
Materials Business Plan (HMBP). Examples of materials commonly reported in a HMBP include 
new and used oil, gasoline, diesel fuel, propane, antifreeze, and solvents. An HMBP is generally 
required if a business handles quantities equal to or greater than 55 gallons of  a liquid, 200 
standard cubic feet of a compressed gas, or 500 pounds of a solid. If the proposed project would 
handle or store these quantities of any hazardous material, a HMBP will be completed and 
submitted to the State through the California Electronic Reporting System as well as required 
documentation to the County of Sonoma Fire and Emergency Services Department. 
 

3.2.7 Outdoor Material Storage Areas 
 
Potential contaminants in smaller quantities such as pesticides, fertilizers, and liquids will be 
stored in enclosed areas so as to prohibit contact with stormwater.  Potential liquid contaminants 
will be stored in facilities protected from stormwater by curbing or earthen barriers as necessary. 
A spill prevention and cleanup plan will be prepared and implemented. All hazardous materials 
and wastes on site will be used and stored in compliance with Sonoma County’s Hazardous 
Materials Management Ordinance.  
 
3.2.8 Stormdrain Signage 
 
Pollutants discharged directly into stormdrains can have a significant adverse impact on water 
quality of receiving streams. Household and industrial pollutants that are commonly dumped can 
include paint, motor oil, and other toxic materials. Stormdrain inlets in the project site will be 
stenciled with prohibitive language that alerts the public to the impact of dumping on receiving 
waters. Stormdrain signage will state, “No Dumping – Drains to Russian River,” or will include 
similar language.  
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3.2.9 Food Service Equipment Cleaning 
 
Project areas devoted to food services will include a sink or wash area devoted to purging 
contaminants from floor mats and equipment. Food service sinks and wash areas will be 
connected to the sanitary sewer. Each washing facility will be connected to a grease interceptor 
installed between drain inlets and sanitary sewer connection. Signs will be posted indicating that 
all food service equipment washing should occur within the designated areas. 
 

3.2.10 Vehicle and Equipment Repair and Maintenance Areas 
 
Indoor or covered outdoor locations for vehicle maintenance will be designed to prevent 
stormwater contact with contaminants.  Secondary containment structures will be provided for 
storage of all hazardous materials associated with vehicle maintenance and will not contain 
drains. If floor drains are installed within the repair and maintenance areas, they will be 
connected to the sanitary sewer. Tanks, containers or sinks used for cleaning or rinsing will be 
connected to the sanitary sewer system. 
 

3.2.11 Vehicle and Equipment Wash areas 
 
Areas within the project boundaries designated for cleaning of vehicles and equipment will be 
paved and protected from contact with stormwater. Vehicle and equipment wash areas will be 
paved and will be designed to prevent run-on and runoff from the washing area. Any areas for 
vehicle and equipment washing will be plumbed to drain to the sanitary sewer. Signs will be 
posted indicating that all vehicle and equipment washing should occur only within the designated 
areas. Sump pumps would be located on the bottom floors of the garage structures to provide 
drainage for seepage and garage floor cleaning. Sump pump discharges will be treated with a 
sand/oil separator before conveyance to the onsite wastewater treatment plant. 
 

3.2.12 Pools, Spas, and Fountains 
 
The proposed project may include pools, spas, and/or fountains in one or more location. 
Discharge drains would not be connected to the storm drain system. Discharge from pools, spas, 
and fountains would be conveyed to the onsite wastewater treatment facility.    
 

3.2.13 Integrated Pest Management 
 
The proposed project will follow Integrated Pest Management (IPM) strategies to reduce the use 
of pesticides on the project site. Pesticide use would be minimized through a combination of 
biological controls such as the use of natural predators, plant selection, physical maintenance 
such as trimming, and reduced risk chemical controls such as soaps or oils. Additionally, 
landscaping will be designed to be consistent with mosquito vector control guidelines to avoid 
water ponding.     
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3.3 MEASURES TO TREAT STORMWATER AND PROVIDE FLOW CONTROL 

Treatment control and flow control BMPs are the final element in a multi-tiered approach to 
stormwater management. Treatment BMPs are facilities are that are designed to remove 
pollutants once they have been mobilized in runoff. They work by filtering pollutants through soil 
media, adsorption of pollutants onto soil particles, and uptake of nutrients through vegetation.  
Flow control facilities are structural measures designed to limit the rate of runoff from a site. 
Impervious surfaces increase the rate and volume of runoff from a site by reducing the area where 
rainfall is able to infiltrate. Flow control facilities temporally store this excess runoff volume and 
allow it to discharge at a lower rate.  
 
In many cases, treatment control and flow control facilities can be combined to serve both 
purposes. Flow control is necessary in areas where new impervious surfaces are proposed, such as 
roofs, patios, sidewalks and impervious parking and circulation. For the proposed project and 
alternatives where flow control facilities are necessary they have been combined with treatment 
control facilities. For areas where pervious pavement is proposed, flow control is not necessary. 
Pervious pavement mimics the pre-project infiltration ability. However, treatment control is still 
required for pervious pavement. See Table 4 for a summary of treatment control and flow control 
BMPs.  
 

Table 4.Best management practice selection by contributing area type 
Contributing area type Treatment required Best management practice 

Rooftops, raised patios, and 
parking structures 

Flow control and  
treatment control 

Flow-through planters with 
flow control and storage 

Rooftops, at-grade patios,  
and impervious pavement 

Flow control and 
 treatment control 

Bioretention areas with  
flow control and storage 

Pervious pavement Treatment control only Bioretention areas  
without flow control 

 
3.3.1.1 Flow-through planters 

 
Flow-through planters are proposed to treat runoff from roof areas, elevated patios, and parking 
structures. A flow-through planter is an above ground soil and vegetation system that relies on 
soil infiltration and biological processes to slow, store, and remove pollutants from runoff. They 
improve stormwater quality, and reduce overall volume and discharge rate. Proposed flow-
through planters would receive runoff from roof downspouts or sheet flow across surfaces and 
infiltrate runoff thorough a planted, engineered soil mix. A perforated PVC pipe, which would be 
connected to the stormdrain system, would underdrain the system. A conceptual design of a flow-
through planter is given in Figure 4.   
 
In accordance with the SUSMP, the engineered soil mix would have an infiltration rate of 
between 5 and 10 inches per hour. (Soil mix specifications are described in Section 3.3.2 and 
Appendix B.) Sizing factors have been calculated to ensure that this rate would meet the 
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requirements of the SUSMP and the NPDES permit (detaining the post-project two-year peak 
flow rate to less than existing conditions). Storage for excess runoff, up to the two-year 24-hour 
runoff volume would be provided above the planting area.  
 

3.3.1.2 Bioretention Areas 
 
Like flow-through planters, bioretention areas rely on soil infiltration and vegetative uptake to 
treat stormwater.  The primary difference between bioretention areas and flow-through planters is 
bioretention areas do not have an impermeable base and are usually installed-at grade. 
Bioretention areas used at the project site will contain the same planted engineered soil mix used 
for flow-through planters. Underdrains will be installed, which will carry infiltrated runoff to the 
stormdrain system. For bioretention areas that will also provide flow control, a storage volume for 
the two-year, 24-hour runoff will be provided above the planting surface. A conceptual design for 
bioretention areas is shown in Figure 5.  
 

3.3.2 Soil characteristics for flow-through planters and bioretention areas 
 
Native soils at the project site do not provide sufficient infiltration to be used in treatment BMPs. 
Therefore, an engineered soil mix will be used. Soils selected for bioretention areas and flow-
through planters will meet two objectives:  
 
 Soils will be designed for a minimum infiltration rate of five inches/hour and a maximum 

infiltration rate of 10 inches/hour.  
 Soils must retain sufficient moisture to support plant growth.  

 
The engineered soil mix will be composed of non-compacted soil with the following 
characteristics: 10-20% topsoil, 50-60% fine sand, and 30-40% compost as measured by volume. 
Detailed specifications for soils used in treatment BMPs are give in Appendix B.  
 

3.3.3 Vegetation selection for flow-through planters and bioretention 
 
Vegetation for planting in flow-through planters and bioretention areas will be selected based on 
irrigation preferences, ability to tolerate heat, and ability to tolerate temporary inundation. No 
invasive species will be planted in structural BMPs. Weeds will be controlled primarily by 
manual methods and soil amendments. In the event of invasive species establishment, non-
selective natural herbicides may be used. The Santa Rosa SUSMP provides guidance for selection 
of planting species. This project will adhere to these guidelines as closely as practicable. These 
guidelines are included as Appendix C of this report.  

 
3.3.4 BMP sizing factors 

 
Unitless sizing factors have been developed for treatment and flow control BMPs. A sizing factor 
approach has been selected for consistent application across alternatives. Actual areas and 



14 
 

volumes may be adjusted during final design of the project. These factors are used to demonstrate 
the ability of the project to comply with stormwater quality and flow control requirements. Sizing 
factors meet the following objectives:  
 

 To meet the water quality treatment guideline the treatment area is sized to treat the 85th 
percentile mean annual 24-hour rainfall intensity (0.21 in/hr).  

 Where required to meet the peak flow control guideline, the storage volume will be sized 
to limit the post-project two-year, 24-hour peak flow rate to pre-development conditions.  

 
Sizing factors are shown in Table 5. Detailed calculations behind the development of these 
factors is given in Appendix A. 
 
Table 5. Sizing factors for best management factors 

Contributing area Sizing factor for 
treatment facilities 

Treatment area Detention volume  

(feet2/acre) (feet3/acre) 
Impervious areas 7.8% 3,400 3,430 

Pervious pavement 1.6% 700 -- 
 
 
3.3.5 Sizing and locations for treatment and flow control BMPs 

 
Locations and sizes for proposed treatment and flow control BMPs for the proposed project and 
each project alternative are shown in Figure 6A through Figure 6E. Locations and sizes were 
developed by delineating contributing watersheds and calculating the contributing area. Then, 
sizing factors were applied to the contributing areas to arrive at the required BMP area. Table 6 
and Table 7 summarize the required areas and the area designated for BMPs. For each alternative, 
the area designated exceeds the area required for treatment and flow control. As the project 
design continues, the areas will likely be refined to conform with site grading and utilities 
requirements. The final areas for BMPs will be equal to or exceed the areas required as shown in 
Table 6 and Table 7. Detailed tables describing the contributing watershed areas and individual 
BMP areas for each alternative are given in Appendix D.  
 
Table 6. BMP sizing summary for impervious areas 
 

Alternative 

Total 
 impervious 

area 

Area required  
for combined treatment  
and flow control BMPs 

Area designated  
for combined treatment  
and flow control BMPs 

(acres) (acres) (acres) 
Alternative A 16.3 1.27 1.50 
Alternative B 14.4 1.12 1.32 
Alternative C 14.4 1.12 1.32 
Alternative D 11.2 0.87 1.06 
Alternative E 6.8 0.53 0.58 
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Table 7. BMP sizing summary for pervious pavement areas 
 

Alternative  

Total pervious 
pavement Area 

Area required  
for treatment  BMPs 

Area designated  
for treatment  BMPs 

(acres) (acres) (acres) 
Alternative A 5.3 0.08 0.12 
Alternative B 5.6 0.09 0.14 
Alternative C 5.3 0.08 0.14 
Alternative D 4.4 0.07 0.12 
Alternative E 7.2 0.12 0.14 
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4. MAINTENANCE OF BMPS 
 
As property owner, the Cloverdale Rancheria of Pomo Indians will be responsible for 
maintenance of BMPs at the project site. After final design is complete a maintenance plan will 
be developed for all stormwater BMPs on the project site. Maintenance activities are likely to 
include:  
 
 Removal of trash and debris 
 Pruning and clipping of vegetation 
 Replacement of dead or dying vegetation 
 Filling voids in eroded areas 
 Replacing damaged underdrains 
 Clearing of clogged outlets 

 
The maintenance plan will include maintenance checklists, schedules and reporting requirements.  
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Alternative A Drainage Basins and Land Use
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Source:
Note:

± 0 250 500 750 1,000125
Feet

Sing le Im pervious A reasSizin g factor = 7.8%
W ate rsh e d  N am e Lan d u se  Typ e A re a Re q u ire d  BMP  are aA re a avai lab le  for BMP sP e rce n t o f  are a

( feet2 ) ( feet2 ) ( feet2 )
A Im p e rv iou s 127,855            9,973                           10,600                                   106%
B Roof 104,940            8,185                           10,160                                   124%
C Roof 15,005               1,170                           1,615                                     138%
F Im p e rv iou s 36,209               2,824                           3,320                                     118%
I Im p e rv iou s 94,487               7,370                           7,428                                     101%
J Roof 55,298               4,313                           5,921                                     137%
K Roof 20,960               1,635                           1,805                                     110%
L Roof 8,800                 686                               778                                         113%
M Im p e rv iou s 11,553               901                               1,005                                     112%
V Im p e rv iou s 14,245               1,111                           1,177                                     106%
W Roof 21,477               1,675                           1,990                                     119%

M ultpl e Imp e r vi ous  Ar easSizin g factor = 7.8%
W ate rsh e d  N am e Lan d u se  Typ e A re a Re q u ire d  BMP  are aA re a avai lab le  for BMP sP e rce n t o f  are a

( feet2 ) ( feet2 ) ( feet2)
D Roof 45,877               3,578                           
G Im p e rv iou s 28,600               2,231                           

To ta l 95,954     7,484                     7,539                                    101%
H Im p e rv iou s 36,751               2,867                           
E Roof 86,410               6,740                           

To ta l 123,161            9,607                           11,818                                  123%

Pervious Paving   A reas Sizin g Factor = 1.6%
W ate rsh e d  N am e Lan d u se  Typ e A re a Re q u ire d  BMP  are aA re a avai lab le  for BMP sP e rce n t o f  are a

( feet2 ) ( feet2 ) ( feet2)
o P e rv iou s P av in g 17,016               272                               280                                         103%
p P e rv iou s P av in g 24,825               397                               500                                         126%
q P e rv iou s P av in g 3,747                 60                                 67                                           112%
r P e rv iou s P av in g 30,231               549                               620                                         113%
s P e rv iou s P av in g 30,681               491                               611                                         124%
t P e rv iou s P av in g 27,765               444                               455                                         102%
u P e rv iou s P av in g 50,617               810                               1,011                                     125%
v P e rv iou s P av in g 48,121               770                               1,470                                     191%
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Alternative B Drainage Basins and Land Use
PWA Ref# - 207737.01
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Source:
Note:

± 0 250 500 750 1,000125
Feet

Sing le Im pervious A reasSizin g factor = 7.8%
W ate rsh e d  N am e Lan d u se  Typ e A re a Re q u ire d  BMP  are aA re a avai lab le  for BMP sP e rce n t o f  are a

( feet2 ) ( feet2 ) ( feet2 )
A Im p e rv iou s 127,855            9,973                           10,600                                   106%
B Roof 104,940            8,185                           10,160                                   124%
C Roof 15,005               1,170                           1,615                                     138%
F Im p e rv iou s 36,209               2,824                           3,320                                     118%
I Im p e rv iou s 86,698               6,762                           7,641                                     113%
L Roof 8,800                 686                               778                                         113%
M Im p e rv iou s 11,553               901                               1,005                                     112%
N Im p e rv iou s 14,245               1,111                           1,177                                     106%
W Roof 21,477               1,675                           1,990                                     119%

M ultpl e Imp e r vi ous  Ar easSizin g factor = 7.8%
W ate rsh e d  N am e Lan d u se  Typ e A re a Re q u ire d  BMP  are aA re a avai lab le  for BMP sP e rce n t o f  are a

( feet2 ) ( feet2 ) ( feet2)
D Roof 45,878               3,578                           430                                         
G Im p e rv iou s 28,600               2,231                           7,109                                     

To ta l 95,955     7,484                     7,539                                    101%
H Im p e rv iou s 36,821               2,872                           
E Roof 86,410               6,740                           11,818                                   

To ta l 123,231            9,612                           11,818                                  123%

Pervious Paving   A reas Sizin g Factor = 1.6%
W ate rsh e d  N am e Lan d u se  Typ e A re a Re q u ire d  BMP  are aA re a avai lab le  for BMP sP e rce n t o f  are a

( feet2 ) ( feet2 ) ( feet2)
o P e rv iou s P av in g 17,016               272                               280                                         103%
p P e rv iou s P av in g 24,825               397                               500                                         126%
q P e rv iou s P av in g 3,747                 60                                 67                                           112%
r P e rv iou s P av in g 29,930               544                               620                                         114%
s P e rv iou s P av in g 30,681               491                               611                                         124%
t P e rv iou s P av in g 27,765               444                               455                                         102%
u P e rv iou s P av in g 49,507               792                               1,011                                     128%
v P e rv iou s P av in g 9,373                 150                               1,470                                     980%
x P e rv iou s P av in g 50,412               807                               1,164                                     144%
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Alternative C Drainage Basins and Land Use
PWA Ref# - 207737.01
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Source:
Note:

± 0 250 500 750 1,000125
Feet

Sing le Im pervious A reasSizin g factor = 7.8%
W ate rsh e d  N am e Lan d u se  Typ e A re a Re q u ire d  BMP  are aA re a avai lab le  for BMP sP e rce n t o f  are a

( feet2 ) ( feet2 ) ( feet2 )
A Im p e rv iou s 127,855            9,973                           10,600                                   106%
B Roof 104,940            8,185                           10,160                                   124%
C Roof 15,005               1,170                           1,615                                     138%
F Im p e rv iou s 36,209               2,824                           3,320                                     118%
I Im p e rv iou s 86,698               6,762                           7,641                                     113%
L Roof 8,800                 686                               778                                         113%
M Im p e rv iou s 11,553               901                               1,005                                     112%
N Im p e rv iou s 14,245               1,111                           1,177                                     106%
W Roof 21,477               1,675                           1,990                                     119%

M ultpl e Imp e r vi ous  Ar easSizin g factor = 7.8%
W ate rsh e d  N am e Lan d u se  Typ e A re a Re q u ire d  BMP  are aA re a avai lab le  for BMP sP e rce n t o f  are a

( feet2 ) ( feet2 ) ( feet2)
D Roof 45,878               3,578                           430                                         
G Im p e rv iou s 28,600               2,231                           7,109                                     

To ta l 95,955     7,484                     7,539                                    101%
H Im p e rv iou s 36,821               2,872                           
E Roof 86,410               6,740                           11,818                                   

To ta l 123,231            9,612                           11,818                                  123%

Pervious Paving   A reas Sizin g Factor = 1.6%
W ate rsh e d  N am e Lan d u se  Typ e A re a Re q u ire d  BMP  are aA re a avai lab le  for BMP sP e rce n t o f  are a

( feet2 ) ( feet2 ) ( feet2)
o P e rv iou s P av in g 17,016               272                               280                                         103%
p P e rv iou s P av in g 24,825               397                               500                                         126%
q P e rv iou s P av in g 3,747                 60                                 67                                           112%
r P e rv iou s P av in g 29,930               544                               620                                         114%
s P e rv iou s P av in g 30,681               491                               611                                         124%
t P e rv iou s P av in g 27,765               444                               455                                         102%
u P e rv iou s P av in g 49,507               792                               1,011                                     128%
v P e rv iou s P av in g 9,373                 150                               1,470                                     980%
x P e rv iou s P av in g 39,943               639                               984                                         154%
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Alternative D Drainage Basins and Land Use
PWA Ref# - 207737.01
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Source:
Note:

± 0 250 500 750 1,000125
Feet

Sin g le Im pervio u s A reasSizin g facto r = 7.8%
W ate rsh e d  N am e Lan d u se  Typ e A re a Re q u ire d  BMP  are aA re a avai lab le  fo r BMP sP e rce n t o f  are a

( feet2 ) ( feet2 ) ( feet2 )
A Im p e rv io u s 127,855            9,973                           10,600                                   106%
B Ro o f 104,940            8,185                           10,160                                   124%
F Im p e rv io u s 23,436               1,828                           2,011                                     110%
M Im p e rv io u s 11,553               901                               1,005                                     112%
N Im p e rv io u s 14,245               1,111                           1,177                                     106%
W Ro o f 21,477               1,675                           1,990                                     119%

M u ltpl e Imp e r vi ou s  Ar easSizin g facto r = 7.8%
W ate rsh e d  N am e Lan d u se  Typ e A re a Re q u ire d  BMP  are aA re a avai lab le  fo r BMP sP e rce n t o f  are a

( feet2 ) ( feet2 ) ( feet2)
D Ro o f 45,878               3,578                           430                                         
G Im p e rv io u s 5,302                 414                               7,109                                     

To ta l 72,657     5,667                     7,539                                    133%
H Im p e rv io u s 48,835               3,809                           
E Ro o f 71,655               5,589                           11,818                                   

To ta l 120,490            9,398                           11,818                                  126%

Pervio u s Pavin g   A reas Sizin g Facto r = 1.6%
W ate rsh e d  N am e Lan d u se  Typ e A re a Re q u ire d  BMP  are aA re a avai lab le  fo r BMP sP e rce n t o f  are a

( feet2 ) ( feet2 ) ( feet2)
o P e rv io u s P av in g 17,016               272                               280                                         103%
p P e rv io u s P av in g 24,825               397                               500                                         126%
q P e rv io u s P av in g 3,747                 60                                 67                                           112%
r P e rv io u s P av in g 32,982               593                               620                                         105%
s P e rv io u s P av in g 30,681               491                               611                                         124%
t P e rv io u s P av in g 27,840               445                               455                                         102%
u P e rv io u s P av in g 46,933               751                               1,011                                     135%
v P e rv io u s P av in g 9,373                 150                               1,470                                     980%
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Alternative D Drainage Basins and Land Use
PWA Ref# - 207737.01
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Source:
Note:

± 0 250 500 750 1,000125
Feet

Sing le Im pervious A reasSizin g factor = 7.8%
W ate rsh e d  N am e Lan d u se  Typ e A re a Re q u ire d  BMP  are aA re a avai lab le  for BMP sP e rce n t o f  are a

( feet2 ) ( feet2 ) ( feet2 )
A Roof 3,600 281                               360 128%
B Roof 3,600 281                               360 128%
C Im p e rv iou s 16,442 1,282                           1,401 109%
D Im p e rv iou s 17,329 1,352                           1,401 104%
E Im p e rv iou s 3,424 267                               378 142%
F Roof 15,870 1,238                           1,390 112%
G Roof 15,651 1,221                           1,340 110%
H Roof 22,500 1,755                           1,754 100%
I Roof 10,014 781                               791 101%
J Roof 10,006 780                               818 105%
K Roof 10,012 781                               799 102%
L Roof 22,500 1,755                           1,754 100%
M Roof 16,600 1,295                           1,300 100%
N Roof 16,600 1,295                           1,300 100%
O Roof 16,600 1,295                           1,300 100%
P Roof 6,939 541                               621 115%
Q Im p e rv iou s 4,051 316                               343 109%
R Im p e rv iou s 17,640 1,376                           1,479 107%
T Im p e rv iou s 20,039 1,563                           1,637 105%
U Im p e rv iou s 15,725 1,227                           1,326 108%
V Im p e rv iou s 5,461 426                               492 116%
W Im p e rv iou s 1,258 98                                 132 134%
X Im p e rv iou s 17,156 1,338                           1,845 138%
Y Im p e rv iou s 8,186 639                               773 121%

Pervious Paving   A reas Sizin g Factor = 1.6%
W ate rsh e d  N am e Lan d u se  Typ e A re a Re q u ire d  BMP  are aA re a avai lab le  for BMP sP e rce n t o f  are a

( feet2 ) ( feet2 ) ( feet2)
aa P e rv iou s P av in g 3,792 61                                 99 163%
b b P e rv iou s P av in g 12,403 198                               234 118%
cc P e rv iou s P av in g 8,185 131                               234 179%
d d P e rv iou s P av in g 69,351 1,110                           1230 111%
e e P e rv iou s P av in g 35,349 566                               618 109%
ff P e rv iou s P av in g 56,700 907                               958 106%
gg P e rv iou s P av in g 13,509 216                               252 117%
h h P e rv iou s P av in g 10,948 175                               301.4 172%
ii P e rv iou s P av in g 2,152 34                                 49 142%
jj P e rv iou s P av in g 49,741 796                               804 101%
kk P e rv iou s P av in g 3,657 59                                 132 226%
ll P e rv iou s P av in g 8,380 134                               211.4 158%
m m P e rv iou s P av in g 3,655 58                                 132 226%
n n P e rv iou s P av in g 10,565 169                               258 153%
oo P e rv iou s P av in g 14,925 239                               258 108%
p p P e rv iou s P av in g 10,634 170                               258 152%



 

 
 
 
 
 
 
 
 
 
 

Appendix A. 
Development of sizing factors 



 

 
1. Introduction 
 
This appendix presents derivation of sizing factors for bioretention controls for the Cloverdale 
Rancheria Resort Casino Project. Sizing factors are developed using guidance from the following 
sources:  
 

 Guidelines for the Standard Urban Stormwater Mitigation Plan (EOA and BKF, 2005)  
 Flood Control Design Criteria (SCWA, 1983)  
 Urban Hydrology for Small Watersheds. Technical Release 55 (SCS, 1986)  

 
2. Treatment concept 
 
Treatment facilities proposed for this project include flow-through planters and bioretention 
areas. In this report flow-through planters refer to treatment facilities that receive roof runoff and 
are located next to the outside building wall.  Bioretention areas receive runoff from parking lots 
and circulation areas and are located at grade.  
 
These facilities contain an under-drained soil filter medium with a storage reservoir above. The 
proposed facilities would be designed to provide both water quality treatment and peak flow 
control using the methods described in this appendix.  
 
Filtration through the soil medium provides water quality treatment and the reservoir above 
provides storage volume for peak-flow control. The reservoir storage volume and filter medium 
area are shown as Vi and Ai in Figure 1.  
 

 
Figure 1. Bioretention area concept 

 
Ai and Vi are sized to meet guidelines provided in the SUSMP for water quality treatment and 
peak flow control: 

 To meet the water quality treatment guideline, Ai will be sized to treat the 85th percentile 
mean annual 24-hour rainfall intensity (0.21 in/hr).  



 

 To meet the peak flow control guideline, Vi will be sized to limit the post-project two-
year, 24-hour peak flow rate to pre-development conditions.  

 
The methods described below are used to develop sizing factors on a unit-area basis for consistent 
application across alternatives. Actual areas and volumes may be adjusted during final design of 
the project, but these factors are used to demonstrate the ability of the project to comply with 
stormwater quality and flow control requirements.  
 
3. Derivation of sizing factors 

3.1 Area factor for impervious land uses 

 
The area factor for impervious landuses is calculated from the rational method using a 0.21 
in/hour intensity as shown in Equation 1.  
 

))()((21.0 KACq    (Equation 1) 
 
where:  

C = runoff coefficient 
  A = watershed area (acres) 
  K = SCWA k-factor 
 
Using Attachment 4-3 (Figure A-1) of the Santa Rosa SUMP, we applied a runoff coefficient of 
0.90 for impervious areas.  From the SCWA mean-annual precipitation map, the project site 
receives 40-inches of rainfall a year, resulting in a k-factor of 1.3 as determined from Attachment 
4-3 of the Santa Rosa SUMP (Figures A-2 and A-3).  
 
 Therefore, the unit peak-flow rate from a 0.21 in/hour storm is:  
 

)3.1)()(90.0(21.0 Aqimpervious      

 
or qimpervious = 0.25 in/hr (A)   (Equation 2) 

 
The area of the required filtration area (Ai) can then be calculated using a ratio of the runoff rate 
entering the bioretention facility and the infiltration rate of the soil medium. Assuming a 
minimum soil infiltration rate of 5 inches/hour, the filtration area required is given by:  
 

A
hrin

hrinAAi 05.0
/5

/25.0
  (Equation 3) 

 
Equation 3 demonstrates that the minimum area of treatment facilities necessary to satisfy water 
quality criteria is equal to five percent of the post-project impervious area (sizing factor of 0.05). 
This is equivalent to 2,180 ft2 of treatment facility per acre of impervious area.  
 



 

3.2 Area factor for pervious landuses 

Pervious pavement areas require treatment control. The area factor for pervious pavement is 
calculated from the rational method using Equation 1.  
 
Using Attachment 4-3 of the Santa Rosa SUMP, we applied a runoff coefficient of 0.30 for 
pervious paving areas.  
 
 Therefore, the peak-flow rate from a 0.21 in/hour storm is:  
 

)3.1)()(30.0(21.0 Aqimpervious      

 
or qimpervious = 0.08 in/hr (A)   (Equation 4) 

 
The required filtration area (Ai) can then be calculated using a ratio of the runoff rate entering the 
treatment facility and the infiltration rate of the soil medium. Assuming a minimum soil 
infiltration rate of 5 inches/hour, the filtration area required is given by:  
 

A
hrin

hrinAAi 016.0
/5

/08.0
  (Equation 5) 

 
Equation 5 demonstrates that the minimum area of treatment facilities necessary to satisfy water 
quality criteria is equal to 1.6 percent of the post-project pervious paving area (sizing factor of 
0.016). This is equivalent to 700 ft2 of bioretention per acre of pervious paving area.  
 

3.3 Volume factor 

SUSMP guidance for peak flow control from impervious areas focuses on matching the pre-
project, two-year 24-hour peak flow rate. Peak flow control is not required for pervious paving 
since pervious pavement mimics the natural infiltration ability of the site. For impervious areas, 
peak flow rate is calculated using the rational method with the two-year rainfall intensity (SCWA, 
1983). The two-year rainfall intensity is given by the following equation:  
 

528.01469.0212.5  tKi  (Equation 6) 
 
where:  

  K = SCWA k-factor 
  t = time of concentration (min) 

 
For the purposes of developing sizing factors, the minimum time of concentration value 
recommended by SCWA (seven minutes) is used. This rainfall intensity is calculated using 
Equation 6:  
 



 

hrini yr /64.22    (Equation 7) 

 
Therefore, applying Equation 1, the unit two-year peak flow for the pre-project landuse is given 
by:  
 

))(30.0(64.2 Aqpervious     

 
    or  qpervious = 0.80 cfs (A)   (Equation 8) 

 
The unit two-year peak flow for post-project impervious areas is given by:  
 

))(90.0(64.2 Aqimpervious     

 
   or  qimpervious = 2.40 cfs (A)  (Equation 9) 
 
Equation 8 is used to estimate pre-project (pervious conditions) peak flow and Equation 9 is used 
to estimate post-project (impervious conditions) peak flow. Per SUSMP guidelines, flow control 
facilities must be designed to limit post-project peak flow to the pre-project level. Flow control 
will be accomplished through infiltration through soils with a minimum infiltration rate of 5 
in/hour and a maximum infiltration rate of 10 in/hour.  
 
Using the sizing factor developed in Equation 3, the area devoted to treatment facilities for 
impervious areas is 2,180 ft2 /acre. Assuming a 5 in/hour filtration rate through the soil medium, 
the flow rate of water passing through the BMP can be calculated from the following equation: 
 

s
hr

in
ft

hr
in

acre
ftqout 3600

1
12
152180 2

  (Equation 10)  

 
or  qout = 0.25 cfs/acre 
 
Applying the same equation, the flow out of a BMP with an infiltration rate of 10 in/hour is 0.50 
cfs/acre. Comparing these results with the post-project peak flow calculated in Equation 9, 
filtering runoff from impervious surfaces through filtration BMPs with filtration rates between 5 
in/hr and 10 in/hr would limit peak-flows from the two-year 24-hour storm to below pre-project 
rates. This is illustrated in Table 1.  
 



 

Table 1. Unit area runoff rates for the two-year storm 
 

Pervious areas  
(pre-project) 

Impervious areas  
(post-project) 

Treatment BMPs 
with a  0.05 sizing factor  

(post-project with treatment) 
cfs/acre cfs/acre cfs/acre

0.80 2.40 0.25-0.50* 
*Assuming soil filtration rates between 5 and 10 in/hr. 

 

3.4 Volume factor 

Table 1 shows that properly sized bioretention areas can be used to reduce the two-year peak flow 
from impervious surfaces to below the peak flow from pervious surfaces. However, flow into the 
bioretention areas exceeds the infiltration rate, necessitating a storage area above the filter media 
to detain runoff while it infiltrates. The required storage volume can be calculated using a unit-
volume storage factor, Vi . 
 
The method used to calculate Vi is based on Urban Hydrology for Small Watersheds, Technical 
Release 55 (TR-55) (SCS, 1986), which gives guidance for calculating runoff and storage 
volumes for a given storm. The method described in TR-55 is also referred to as the Curve 
Number method and is used in the SUSMP. This methodology can be used to calculate a runoff 
volume for a given storm, whereas the rational method is used to calculate a peak flow rate.  
 
Using the curve number method, the volume of runoff is calculated from the following equations:  
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SIa 2.0    (Equation 13)  

 
 Where: CN = curve number for land use type 
  S = potential maximum retention after runoff begins (inches) 
  Ia = initial abstraction (inches) 
  Q = runoff (inches) 
  P = rainfall (inches) 
 
From Table 2 of TR-55, the pervious Curve Number is estimated at 80 (Pasture, grassland, or 
range—continuous grazing – good condition, Type D soils) and the impervious Curve Number is 
estimated at 98 (Paved parking lots, roofs, driveways, etc. excluding right-of-way). 
 



 

The total rainfall depth from a two-year, 24-hour storm can be calculated using Equation 6 with a 
24-hour time of concentration.  
 

hrsiP 2424         
 
or  P24 = 3.80 inches (Equation 14) 
 
Unit runoff volumes calculated from the Curve Number method are given in Table 2.  
 
Table 2. Unit runoff volumes from the two-year, 24-hour storm 

Landuse Curve number Runoff depth Q  
-- -- (inches) (ft3/acre) 

Pervious 80 1.88 6,820 
Impervious 98 3.57 12,960 

 
TR-55 contains an approximate method for sizing detention volumes. This method is illustrated in 
Figure 2. Given a peak inflow, peak outflow and runoff volume, the necessary storage volume 
can be derived from the figure. While this is an approximate method, it has been developed 
conservatively, to avoid underestimating detention volumes.  

 
Figure 2. Approximate detention basin routing adapted from TR-55.  

Note: Sonoma County is in SCS Zone 1A.  
 



 

Given this method, the storage volume necessary to detain the two-year, 24-hour storm can be 
calculated with the following inputs:  
 
From Table 1: 
       qo  = maximum BMP outflow rate = 0.50 cfs per acre; 
       qi  = post-project peak flow = BMP inflow rate = qimpervious  = 2.40 cfs per acre;  
 

qo/qi = 0.21 
 
from Figure 2:   

Vs/Vr = 0.37 
Vs = 0.37Vr 
Vr = Vimpervious= 12,960 ft3/acre (Table 2)  
Vs = 0.37*12,960 ft3/acre = 4,795 ft3/acre 

 
Therefore the storage volume necessary to detain the two-year, 24-hour storm, Vs, is 4,795 
ft3/acre. Assuming a bioretention area with vertical walls and using an area sizing factor of 0.05, 
the storage depth can be calculated as: 
 
D = 4,795 ft3/acre * 0.05 acre/acre * unit conversion = 2.2 feet 
 
Based on the area sizing factor of 0.05, the storage depth needed above the filter media would be 
2.2 feet. The area factor of 0.05 is the minimum area that would be required to meet water quality 
criteria. A larger surface area can be used to filter runoff, which would reduce the depth of 
storage. In order for bioretention areas to serve as landscape features, it is commonly desired to 
limit the storage depth to approximately 12-18 inches, keeping filter media at the same elevation 
as other landscape features 
 
Table 3 shows how increasing the area of bioretention areas can decrease the depth of storage. 
However, there is an upper limit to the amount of area that can be used for infiltration. Using too 
large of an area would cause outflow to be higher than pervious area peak flow (0.79 cfs/acre).  
 
Table 3. Storage depth calculations for varying infiltration area 

Sizing 
factor 

Filter 
area 

Flow out 
low1 

Flow out 
high2 qo/qi Vs/Vr Vr Vs 

Storage 
depth 

required
- (feet2/acre) (cfs/acre) (cfs/acre) - - (feet3/acre) (feet3/acre) feet 

0.050 2,178 0.25 0.50 0.21 0.37 12,960 4775 2.19 
0.060 2,614 0.30 0.61 0.25 0.33 12,960 4,241 1.62 
0.070 3,049 0.35 0.71 0.30 0.29 12,960 3,767 1.24 
0.078 3,398 0.39 0.79 0.33 0.26 12,960 3,431 1.01 
0.080 3,485 0.40 0.81 0.34 0.26 12,960 3,353 0.96 

Notes:  1. Infiltration rate = 5 in/hr 
 2. Infiltration rate = 10 in/hr 



 

 

Therefore from Table 3, the maximum sizing factor for BMPs is 0.078. Larger sizing factors 
result in discharges higher than the existing two-year flow. Therefore, a sizing factor of 7.8 
percent has been selected for this study. According to Table 3, this would result in storage depth 
of 1.01 feet and would meet water quality and peak-flow control criteria set forth in the SUSMP. 
For simplicity, this value has been rounded to 1.0 feet. Sizing factors used in this study are shown 
in Table 4. 
 
Table 4. BMP area sizing factors used in this study 

 Area factor Volume Depth 
 - (feet3/acre) (feet) 

BMPs draining 
pervious pavement 

1.6% -- -- 

Default value 7.8% 3,431 1.0 
 
4. Comparison with Contra Costa County Clean Water Program Criteria 
 
The Contra Costa County Clean Water Program uses a similar sizing approach for bioretention 
areas that are designed to meet stormwater quality and flow control requirements. The sizing 
factors recommended in Contra Costa County’s Stormwater C.3 Guidebook are shown in Table 5 
for comparison. The sizing factors derived for this study are similar to sizing factors used in the 
Contra Costa County Clean Water Program.  
 
Table 5. Comparison of sizing factors for this study and CCWD guidance 

 Area factor Volume 
 - (feet3/acre) 

CCWD (Type D soils) 5% 4,2251* 
This study 7.8% 4,775 

Note: *Sum of surface and interstitial subsurface volume, converted to feet3/acre 

 
5. References 
 
Contra Costa County Clean Water Program, 2010. Stormwater C.3 Guidebook; Stormwater 

Quality Requirements for Development Applications, Fifth Edition.  
 
Sonoma County Water Agency (SCWA) 1983. Flood Control Design Criteria for Waterways, 

Channels and Closed Conduits.  
 
Sonoma County, City of Santa Rosa, Russian River Watershed Association, 2005. Guidelines for 

the Standard Urban Storm Water Mitigation Plan (SUSMP).  
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Appendix B. 
Specifications for soils in treatment 

and flow control BMPs 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Adapted from Contra Costa County Clean Water Program, 
 2010. Stormwater C.3 Guidebook; Stormwater Quality Requirements for  

Development Applications, Fifth Edition. 
 



2 
 

 
 

1. INTRODUCTION 
 
Soils for flow-through planters and BMP areas must meet two objectives:  
 
 Be sufficiently permeable to infiltrate runoff at a minimum rate of 5 inches per hour and a 

maximum  of 10 inches per hour during the life of the facility, and  
 

 Have sufficient moisture retention to support healthy vegetation.  

2. SOIL SPECIFICATION  
 
BMP soil shall achieve a long-term, in-place infiltration rate of at least 5 inches per hour with a 
maximum rate of 10 inches per hour. BMP soil shall also support vigorous plant growth. BMP 
soil shall be a mixture of topsoil or fine sand, and compost, measured on a volume basis:  
 

10%-20% Topsoil  
50%-60% Fine Sand  
30%-40% Compost  
 

2.1  SAND FOR BMP SOIL  
 
2.1.1 General  
Sand shall be free of wood, waste, coating such as clay, stone dust, carbonate, etc., or any other 
deleterious material. All aggregate passing the No. 200 sieve size shall be non-plastic.  
 
2.1.2 Sand for BMP Soil Texture  
Sand for BMP Soils shall be analyzed using #200, #100, #40, #30, #16. #8, #4, and 3/8 inch 
sieves (ASTM D 422 or equilavent), and meet the following gradation:  
 

Sieve Size 
 

Percent Passing (by weight) 

 Min Max 
3/8 inch 100 100 

No. 4 90 100 
No. 8 70 100 
No. 16 40 95 
No. 30 15 70 
No. 40 5 55 
No. 100 0 15 
No. 200 0 5 
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Note all sands complying with ASTM C33 for fine aggregate comply with the above gradation 
requirements.  
 
2.2 TOPSOIL  
 
2.2.1 General  

Topsoil shall be free of wood, waste, or any other deleterious material. 
  

2.2.2 Texture 
  
The overall topsoil texture shall be loamy sand.  The overall dry weight percentages shall be 60-
90% sand, with less than 20% passing than the #200 sieve and less than 5% clay of the total 
weight with no gravel.  
 
2.3 COMPOSTED MATERIAL  
 
Compost shall be a well decomposed, stable, weed free organic matter source meeting the 
standards developed by the US Composting Council (USCC).  The product shall be certified 
through the USCC Seal of Testing Assurance (STA) Program (a compost testing and information 
disclosure program).  

 
A. Compost Quality Analysis 

Before delivery of the soil, the supplier shall submit a copy of lab analysis performed by 
a laboratory that is enrolled in the US Composting Council’s Compost Analysis 
Proficiency (CAP) program and using approved Test Methods for the Evaluation of 
Composting and Compost (TMECC). The lab report shall verify:  

1) Feedstock Materials shall be specified and include one or more of the following: 
landscape/yard trimmings, grass clippings, food scraps, and agricultural crop 
residues. 

2) Organic Matter Content: 35% -75% by dry wt.  
3) Carbon and Nitrogen Ratio: C:N < 25:1.  
4) Maturity/Stability: shall have a dark brown color and a soil-like odor. Compost 

exhibiting a sour or putrid smell, containing recognizable grass or leaves, or is 
hot (120F) upon delivery or rewetting is not acceptable. In addition any one of 
the following is required to indicate stability:  

i. Oxygen Test < 1.3 O2 /unit TS /hr  
ii. Specific oxy. Test < 1.5 O2 / unit BVS /  

iii. Respiration test < 8 C / unit VS / day  
iv. Dewar test < 20 Temp. rise (°C)  
v. Solvita® > 5 Index value  

5) Toxicity: any one of the following measures is sufficient to indicate non-toxicity.  
i. NH4-: NO3-N < 3  

ii. Ammonium < 500 ppm, dry basis  
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iii. Seed Germination > 80 % of control  
iv. Plant Trials > 80% of control  
v.  e. Solvita® > 5 Index value  

6) Nutrient Content: provide analysis detailing nutrient content including N-P-K, 
Ca, Na, Mg, S, and B.  

i. Total Nitrogen content 0.9% or above preferred.  
ii. Boron: Total shall be <80 ppm; Soluble shall be <2.5 ppm  

7) Salinity: Must be reported; < 6.0 mmhos/cm  
8) pH shall be between 6.5 and 8. May vary with plant species.  

B. Particle Size: 95% passing a 1/2” screen 
C. Bulk density: shall be between 500 and 1100 dry lbs/cubic yard  
D. Moisture Content shall be between 30% - 55% of dry solids.  
E. Inerts: compost shall be relatively free of inert ingredients, including glass, plastic and 

paper, < 1 % by weight or volume.  
F.  Weed seed/pathogen destruction: provide proof of process to further reduce pathogens 

(PFRP). For example, turned windrows must reach min. 55C for 15 days with at least 5 
turnings during that period.  

G. Select Pathogens: Salmonella <3 MPN/4grams of TS, or Coliform Bacteria <10000 
MPN/gram.  

H. Trace Contaminants Metals (Lead, Mercury, Etc.) Product must meet US EPA, 40 CFR 
503 regulations.  

I. Compost Testing  
The compost supplier will test all compost products within 120 calendar days prior to 
application. Samples will be taken using the STA sample collection protocol. (The 
sample collection protocol can be obtained from the U.S. Composting Council, 4250 
Veterans Memorial Highway, Suite 275, Holbrook, NY 11741 Phone: 631-737-4931, 
www.compostingcouncil.org). The sample shall be sent to an independent STA Program 
approved lab. The compost supplier will pay for the test.  
 

2.4  PLACEMENT AND COMPACTION OF BMP SOILS  
Place the BMP soil in 8" to 12" lifts. Lifts are not to be compacted but are placed to reduce the 
possibility of excessive settlement. Allow time for natural compaction and settlement prior to 
planting. BMP soil may be watered to encourage compaction.  
 
 



1 
 

 
 

 
 
 
 
. 

Appendix C. 
 Specifications for plant selection in  

treatment and flow control BMPs 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

From Appendix A of the Santa Rosa Area SUMP:  
Sonoma County, City of Santa Rosa, Russian River Watershed Association, 2005. 

Guidelines for the Standard Urban Storm Water Mitigation Plan (SUSMP). 
 
 



 
 

 
 

 
 

 
 
 

 
 

Appendix A. Landscaping and Vegetation for Storm Water Best Management Practices in 
New Development and Redevelopment in the Santa Rosa Area 

This section should be used as guidance for design and installation of plantings as part of 
landscape-based treatment controls in Santa Rosa and Sonoma County.  Site-specific climate and 
soil conditions must be determined prior to final plant selection and control installation. 

A. Plant Species for Landscape-Based Treatment Controls 

Landscaping plans and/or hydroseeding specification shall be provided for water quality systems 
using landscaped-based treatment controls such as swales or buffer strips. Landscaping plans shall 
be provided for water quality systems and shall include species lists, plant sizes (e.g., seed, plug, 1-
gallon container, etc.), planting layout, planting techniques, plant spacing, soil amendments, and 
hydroseed specifications. After establishment, summertime irrigation is rarely required when using 
plants adapted to Sonoma County’s climate. Establishment may take 1-3 years, depending on 
timing of planting, plant size, planting location, etc. Revegetation with native species and adaptable 
species that can tolerate varying zones of inundation and soil moisture is encouraged. 

Planting with native aquatic and wetland species will also provide a medium for biological uptake of 
pollutants. Bulrush and cattail are emergent species that have been noted for absorbing nitrogen 
and phosphorus. Bacteria present in the anaerobic conditions of saturated soils convert nitrates 
into a gaseous form that is then released into the atmosphere. Phosphorus can combine with 
various metal ions, including iron, manganese, copper, aluminum, and zinc in removing these 
pollutants from the water. Aquatic plants that are adapted for growth in permanently inundated 
conditions where the roots are continuously underwater provide significant water quality 
improvement capabilities. Herbaceous species and grasses are also useful for water quality 
improvement. 

The use of shrubs and trees along the borders and banks of a basin is beneficial. A diverse 
association of plant species that provide stratified growth forms should be used to recreate a more 
natural system, as well as provide aesthetic and wildlife habitat value. 

B. Invasive Species 

To protect natural wetlands and agricultural areas, the use of the following invasive species is 
specifically prohibited. 

Scientific Name Common Name 
Acacia spp. acacia
 
Aegilops triuncialis   barbed goatgrass 

Arundo donax    giant reed 

Brassica spp.    mustard 
  
Carduus pycnocephalus  Italian thistle 

Carpobrotus edulis   ice plant 

Carthamus lanatus   distaff thistle 

Centaurea calcitrapa   purple starthistle 

Centaurea solstitialis   yellow starthistle 

Conium maculatum   poison hemlock 

Cortaderia selloana   pampas grass 

C. jubata Jubata grass 
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Cotoneaster pannosus cotoneaster

Cytisus scoparius   Scotch broom 

Delairea odorata   cape ivy 

Dipsacus fullonum   fullers teasel 

Eucalyptus spp. eucalyptus

Euphorbia oblongata   oblong spurge 

Festuca elatior   tall fescue 

Foeniculum vulgare fennel

Genista monspessulana  French broom 

Hedera helix    English ivy 

Holcus lanatus   velvet grass 

Lepidium latifolium   perennial pepperweed 

Ligustrum spp. privet

Lolium multiflorum   Italian ryegrass 

Lolium perenne   perennial ryegrass 

Lythrum salicaria   purple loosestrife 

Mentha pulegium pennyroyal

Phalaris aquatica   Harding grass 

Rubus discolor   Himalayan blackberry 

Taeniatherum caput-medusae medusahead grass 

Tribulus terrestris   puncture vine 

Ulex europaeus gorse
 
Vinca major periwinkle

Xanthium spinosum   spiny cocklebur 


Or any plant listed by the California Invasive Plant Council as invasive (http://www.cal-
ipc.org/index.cfm), or any species that exhibits invasive characteristics. 

C. PLANTING PLAN GUIDELINES FOR SPECIFIC TREATMENT CONTROLS 

Recommended plant species are shown for each vegetated treatment control. Information about 
water use, dormancy, height, propagation, and drainage needs is included in Table A1. 

1. Vegetated swales 

Vegetated swales slowly convey runoff flow to downstream discharge points. Vegetated swales will 
be planted with species adapted to seasonal inundation and extended periods of dry conditions. 

Emergent Species.  The optimum planting conditions for these species would be within the center 
of the swale where the soil would be saturated for a greater duration (such as at the water elevation 
for a 24-hour storm with an annual return interval). Recommended species are: 

Scientific Name Common Name 
Carex barbarae Santa Barbara sedge 

Carex densa dense sedge 

Carex obnupta slough sedge 

Juncus balticus Baltic rush
 
Juncus bufonius toad rush
 
Juncus effusus Pacific rush 

Juncus patens blue rush 

Juncus xiphioides iris-leaved rush 
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Grass Species.  The grasses can be grown throughout the area of vegetated swales above the 
emergent zone. Leymus triticoides in particular has performed well when used in filter strips 
and vegetated swales. Recommended species are: 

Scientific Name Common Name 
Agrostis exarata spike bentgrass 
Bromus carinatus California brome 
Danthonia californica California oatgrass 
Deschampsia danthonoides annual hairgrass 
Distichlis spicata salt grass 
Festuca idahoensis blue bunchgrass (upper swale only) 
Festuca rubra red fescue 
Hordeum brachyantherum meadow barley 
Leymus triticoides creeping wildrye 
Melica californica California melic (upper swale only) 
Nassella pulchra purple needlegrass (upper swale only) 
Pleuropogon californicus semaphore grass 

2. Bioretention areas 

Bioretention areas reduce runoff velocity and removes pollutants. Water passes over or through 
the buffer strip and is subsequently distributed evenly along a ponding area.  Bioretention areas will 
be planted with species adapted to seasonal inundation and extended periods of dry conditions. 

Emergent Species. The optimum planting conditions for these species would be near the ponding 
area where the soil would be saturated for a greater duration. Recommended species are: 

Scientific Name Common Name 
Carex barbarae Santa Barbara sedge 

Juncus balticus Baltic rush
 
Juncus bufonius toad rush


 Juncus xiphioides iris-leaved rush 


Grass Species.  Grasses can be grown throughout bioretention areas above the emergent zone. 
Leymus triticoides in particular has performed well when used in filter strips and vegetated swales. 
Recommended species are: 

Scientific Name Common Name 
Bromus carinatus California brome 

Elymus glaucus blue wild rye 

Festuca californica   California fescue 

Hordeum brachyantherum meadow barley 

Leymus triticoides creeping wild rye 

Muhlenbergia rigens deergrass
 
Nassella pulchra purple needlegrass 

Phalaris californica   California canarygrass 


Herbaceous Species.  Herbaceous species can be grown throughout bioretention areas. 
Recommended species are: 
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Scientific Name 
Achillea millefolium 
Epilobium canum 
Eriogonum fasciculatum 

var. poliofolium 
Eschscholzia californica 
Lotus scoparius 
Lupinus bicolor 
Sisyrinchium bellum 
Symphoricarpos albus 

Common Name 
  common yarrow 
  California fuchsia 

  flattop buckwheat 
California poppy 
deerweed

  miniature lupine 
  blue-eyed grass 

snowberry 

Shrub and Tree Species.  The use of the shrubs and small trees may not be appropriate for 
bioretention areas constructed with a clay liner. Shrubs and trees could be used to create a visually 
aesthetic habitat within the bioretention area. The listed species are adapted to periodic inundation 
from storm events. Recommended species are: 

Scientific Name 
Acer negundo 
Arctostaphylos uva-ursi 

’Emerald Carpet’ 
Baccharis pilularis 
Baccharis pilularis 

‘Twin Peaks’ 
Fraxinus latifolia 
Mahonia repens 
Mimulus aurantiacus 
Myrica californica 
Rosa californica 
Salix lasiolepis 
Sambucus mexicana 
Symphoricarpos albus 

3. Extended detention basins 

Common Name 
box elder (lower bank) 

manzanita ‘Emerald Carpet’ (upper bank) 

coyote brush (upper bank)
 

coyote brush prostrate (upper bank) 

Oregon ash (lower bank) 

creeping Oregon grape (upper bank)
 
sticky monkeyflower (upper bank)
 
wax myrtle (upper bank)
 
California wildrose (lower bank) 

Arroyo willow (lower bank) 

elderberry (lower bank) 

snowberry (lower bank) 


Extended detention basins detain storm water runoff long enough to allow particles and associated 
pollutants to settle, but do not have a permanent pool. The dry extended detention basin area will 
be revegetated with species adapted to seasonal inundation and saturation, and extended periods 
of dry conditions. 

Emergent Species. The rushes and sedges can be grown throughout the area of dry extended 
detention basins. The optimum planting conditions for these species would be near the border of 
the micro pool where the soil would be saturated for a greater duration. Recommended species 
are: 

Scientific Name 
Carex densa 
Eleocharis macrostachya 
Juncus balitcus 
Juncus bufonius 
Juncus xiphioides 
Scirpus californicus 

Common Name 
dense sedge 
creeping spikerush 
Baltic rush 
toad rush 
iris-leaved rush 
California bulrush 
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Typha latifolia cattail
 
Typha angustifolia narrowleaf cattail 


Grass Species.  The grasses can be grown throughout the area of dry extended detention basins. 
Recommended species are: 

Scientific Name Common Name 
Agrostis exarata spike bentgrass
 
Alopecurus aequalis shortawn foxtail 

Alopecurus saccatus Pacific foxtail 

Danthonia californica California oatgrass 

Distichlis spicata salt grass
 
Hordeum brachyantherum meadow barley 

Leymus triticoides creeping wildrye 

Muhlenbergia rigens deergrass
 

4. Vegetated buffer strips 

Vegetated buffer strips treat sheet flow from adjacent surfaces. Vegetated buffer strips will be 
revegetated with species adapted to seasonal inundation and saturation, and extended periods of 
dry conditions. 

Grass Species.  Grasses can be grown throughout vegetated buffer strips. Leymus triticoides in 
particular has performed well when used in filter strips and vegetated swales. Recommended 
species are: 

Scientific Name Common Name 
Agrostis exarata   spike bentgrass 

Bromus carinatus   California brome 

Distichlis spicata   salt grass 

Festuca rubra    red fescue 

Leymus triticoides   creeping wildrye 

Melica californica   California melic 

Muhlenbergia rigens deergrass
 
Nasella pulchra purple needlegrass
 

Herbaceous Species.  These species are adapted to periodic inundation from storm events. 
Recommended species are: 

Scientific Name Common Name 
Carex barbarae Santa Barbara sedge 

Carex densa dense sedge 

Carex obnupta slough sedge 

Juncus balticus Baltic rush
 
Juncus bufonius toad rush
 
Juncus effusus Pacific rush 

Juncus patens blue rush 

Juncus xiphioides iris-leaved rush 

Lotus scoparius  deerweed 


Shrub Species. These species are adapted to brief inundation from storm events and should be 
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placed on the upper edge of buffer strips. Recommended species are: 

Scientific Name 
Arctostaphylos manzanita 

 Baccharis pilularis 
Baccharis salicifolia 
Berberis aquifolium 
Calycanthus occidentalis 
Cercis occidentalis 
Cornus stolonifera 
Heteromeles arbutifolia 
Mahonia repens 
Mimulus aurantiacus 
Myrica californica 
Physocarpus capitatus 
Rosa californica 
Rubus ursinus 
Sambucus mexicanus 
Symphoricarpus albus 

Uppermost edge only: 
 Epilobium canum 
 Fremontodendron californica 
 Lavendula spp. 
 Rosemarinus officinalis 

Salvia clevelandii 

5. Constructed wetlands 

Common Name 
common manzanita 
coyote brush 
mulefat 
Oregon grape 
Western spicebush 
redbud 
redtwig dogwood 
toyon

  creeping Oregon grape 
monkeyflower

  wax  myrtle 
Pacific ninebark 
wild rose 
California blackberry 
blue elderberry 
snowberry 

California fuschia 
flannelbush 
lavender 
rosemary 
Cleveland sage 

Constructed wetlands have a permanent pool of water through the wet season. Wetlands are 
generally shallower than wet ponds and have more vegetation coverage and less open water. 
Constructed wetlands will be planted with species adapted to seasonal inundation and saturation, 
and extended periods of dry conditions. 

Emergent Species.  The optimum planting conditions for these species would be within the deeper 
portions of the wetland where the soil would be saturated for a greater duration. Recommended 
species are: 

Scientific Name 
Carex barbarae 
Carex densa 
Carex obnupta 
Eleocharis macrostachya 
Hordeum brachyantherum 
Juncus xiphioides 
Juncus balticus 
Juncus bufonius 
Pleuropogon californicus 

Common Name 
Santa Barbara sedge 

   dense sedge 
slough sedge 
spike rush 
meadow barley 

  iris-leaved rush 
  Baltic rush 
  toad rush 

semaphore grass 

Grass Species.  The grasses can be grown throughout and along the edges of constructed 
wetlands. Recommended species are: 
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Scientific Name Common Name 
Danthonia californica   California oatgrass 

Deschampsia danthonioides annual hairgrass 

Hordeum brachyantherum meadow barley 

Pleuropogon californicus semaphore grass 


6. Wet ponds 

The area of permanent pond will be characterized by the presence of emergent species along the 
border of the permanent pond. The banks and berms associated with the permanent pond could be 
planted with shrubs and trees where a clay liner is not used.  The stratified plantings will have a 
more pleasing aesthetic appearance. 

Emergent Species. Emergent species can be grown in areas where the water depth is three feet 
or less. The optimum conditions for three square are located at the border of the permanent pond. 
Hardstem bulrush and cattail are adapted to water levels up to three feet. The rushes and sedges 
can be grown on the border of the permanent pond where the soil would be saturated to the surface 
and experience periodic inundation. Recommended species are: 

Scientific Name Common Name 
 Carex densa dense sedge
 

Eleocharis macrostachya spike rush 

Juncus balticus Baltic rush
 
Juncus xiphioides iris-leaved rush 

Scirpus americanus three square 

Scirpus californicus bulrush
 
Typha latifolia cattail
 

Grass Species. Grasses can be grown along the higher bank elevations of the permanent pond 
where soils are saturated to the soil surface but are not inundated. Recommended species are: 

Scientific Name Common Name 
Agrostis exarata   spike bentgrass 

Danthonia californica   California oatgrass 

Distichlis spicata   salt grass 

Hordeum brachyantherum meadow barley 

Leymus triticoides   creeping wildrye 


Shrub Species.  The use of shrubs is not appropriate for permanent ponds constructed with a clay 
liner. The shrubs can be grown on the banks of the permanent pond. Optimum conditions for the 
shrubs are areas of minimal surface soil saturation.  The root systems of these species will 
generally grow to the depth of subsurface saturated soil. Recommended species are: 

Scientific Name Common Name 
Arctostaphylos manzanita common manzanita 

Calycanthus occidentalis Western spicebush 

Cornus sericea western dogwood
 
Heteromeles arbutifolia toyon
 
Rhamnus californica coffeeberry
 
Rosa californica California rose
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Sambucus mexicana blue elderberry 

Top of bank only: 
Cercis occidentalis redbud 
Fremontodendron californicum flannelbush 

Tree Species. Trees should not be used for clay lined permanent ponds. These species could be 
grown on the berms and borders of a permanent pond. The trees could be intermixed with shrubs to 
create a visually aesthetic and more diverse habitat around the permanent pond. Recommended 
species are: 

Scientific Name Common Name 
Acer macrophyllum big leaf maple 

Acer negundo box elder 

Alnus rhombifolia white alder 

Fraxinus latifolia Oregon ash 

Populus fremontii  Fremont's cottonwood
 
Quercus agrifolia California live oak 

Quercus lobata valley oak 

Salix laevigata red willow 

Salix lucida ssp. lasiandra shining willow 


D. General Planting Specifications 

Native plants shall be used for the revegetation of constructed water quality basins. Landscape 
plans providing a planting layout shall be prepared on a site-specific basis by a qualified specialist. 
Specific planting zones for planting species shall be determined on a site-specific basis. The 
species composition and density shall be determined by a qualified specialist, utilizing the plant 
species recommended for each constructed basin condition, i.e., dry extended detention basis, wet 
detention basin/channel, micro pool or permanent pond. 

Propagation Methods 

Transplants (Plugs). Transplanted plant divisions, referred to here as “plugs”, should be planted 
during the fall dormant period, preferably between October 1 and November 15 after 1st soaking 
rain. Plugs should be collected from a suitable collection site in the vicinity of the constructed 
basins. Plugs are clumps of plant roots, rhizomes or tubers combined with associated soil that can 
be manually removed, or salvaged with an excavator or backhoe. The maximum recommended 
size is 1 foot x 1 foot. Whole plants or plant divisions can be utilized. The plugs should be from 
healthy specimens free of insects, weeds and disease. The plugs should be spaced from 1 foot to 
6 feet apart, depending on the size of the plug. Smaller plugs can be planted at the minimum 
distance to promote faster spreading and cover. Larger plugs from cattail and bulrush species 
should be planted at 3-foot to 6-foot intervals. 

To plant a plug, a hole slightly wider than the diameter of the plug should be prepared and the roots 
system of the plug placed in the hole. Do not over-excavate the hole depth or the plant will settle 
below grade. A shovel could be used to create the planting hole.  Manual planting with a spade is 
recommended for wet soils. Power augers can be used for creating holes in dry soils. 
Alternatively, a trench could be created along the narrow axis of the pond, and planting material 
manually placed at specified elevations in relation to the proximity of permanently saturated soils. 
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To plant a plug with an established root system, the base of the stem and top of the root collar 
should be level with the ground surface. Tubers should be secured to prevent floating. Rhizomes 
should be placed in the soil with a slight upward angle. 

The hole or trench containing the plug(s) should be backfilled with soil and the soil tamped down to 
assure good soil contact and secure the plug. The vegetative portion of the plant should be cut 
back to prevent water loss and wilting, and encourage the growth of roots and new shoots.  Plugs of 
wetland plants should be grown in saturated soil. The soil should not be allowed to dry out after 
planting. 

Plugs should be planted immediately, when possible. When necessary, plugs can be stored in a 
cool, moist, shaded location for a maximum of one day. Plants must be thoroughly watered. 

Container Stock.  Planting holes for container stock should be twice as wide and only as deep as 
the container size.  Plant spacing should be determined on a site-specific basis. When planting, the 
root collar and base of the stem should be level with the adjacent soil surface.  Soils should be 
backfilled and tamped down to assure contact with the roots. The planting should be watered-in 
promptly to promote the settling of soil. If appropriate, container plantings may receive a balanced 
time-released fertilizer tablet that is placed at the bottom of the planting hole prior to installation of 
the plant. Planting berms for water retention and mulch can be used to enhance plant 
establishment. 

Pole Cuttings. Pole cuttings should be collected from the 1-year old wood of dormant trees and 
have a minimum of 5 viable nodes. The parent material should be healthy and free of diseases. 
The basal area of the pole cutting should be a minimum of 1 2-inch in diameter; however, the 
diameter at the base should not exceed 2 inches. The optimum diameter width of the base is 1 
inch. The length of the cutting should be a minimum of 2 feet and should not exceed a maximum of 
4 feet in length. Generally, 75 percent of the length of the cutting should be planted beneath the 
soil surface. 

Pole cuttings should be collected no more than 2 days prior to planting. Cuttings should be placed 
in cool water to promote swelling of the nodes. Water should be kept fresh by aeration and/or by 
daily replacement. 

The pole cuttings should be placed in a hole approximately 3 feet deep (as determined by the 
length of the cutting) and backfilled with native soil, or a rich organic medium mixed with native soil.
 The soil should be tamped down to remove air pockets and assure soil contact with the cutting. 

Seeds.  Seeding should be conducted after plugs, container stock and pole cuttings are installed. 
The soil surface should be scarified with a rake prior to seeding. Do not damage previously planted 
vegetation. The seeds should be planted in fall, ideally in October.  Seeds should be broadcast 
over the specified planting area. The seed should be applied with hand-held spreaders to scarified 
soil. The soil surface should then be raked to cover the seeds with about one-eighth to one-quarter 
inch of soil to discourage predation, and tamped or rolled to firm soil surface. 

Seeds should be planted at the ratios and rates specified by the supplier. The seed should be free 
of weeds and diseases. The certified germination percentage should be provided by the supplier. 

E. Water Level Management and Irrigation for Plant Establishment 
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Establishment Period. The plants on the bottom and edge of the constructed basins should be 
allowed to become established for one growing season prior to the onset of significant flooding that 
will inundate the plantings for extended periods. The types of plants recommended for these 
locations are rushes, sedges, grasses and herbaceous species. Initially, saturated soils are 
required for the dry extended detention basin, low flow channel, and wet detention basin during the 
establishment period of the plantings. After the plants have become established, inundation with a 
surface depth of 1 cm to 2 cm alternating with short dry periods is recommended for the dry 
extended detention basin and wet detention basin during the first year. Periodic shallow flooding of 
these basins can slow the growth of non-native weedy terrestrial species in the wetland system; 
however, the water depth should not be grater than the height of the plants. This initial irrigation 
regime will prevent plant mortality from dry periods or excessive flooding in the first year, and 
reduce the growth of non-native weedy species. 

Emergent species bordering the micro pool and permanent pond should be planted in saturated soil 
so the plants will become established. For emergent species, the water level in the first year should 
be maintained in the micro pool and permanent pond to allow for soil saturation or shallow 
inundation around the base of the plants. Significant flooding and inundation of stems and leaves 
of the plants should be avoided the first year. Tall plugs and plantings can tolerate greater depths 
of inundation if a significant portion of the stems and leaves of the plantings remain above the water 
surface. 

Plants such as shrubs and trees grown on the banks of the constructed wetlands that are not 
saturated to the surface or inundated shall be irrigated. Drip irrigation shall be provided for all 
plantings on the berms associated with permanent ponds that are not saturated to the surface or 
inundated. Hydroseeded portions of the bank do not need irrigation in years of normal rainfall.  If a 
period of drought occurs after hydroseeding, supplemental watering may be needed for germination 
in the first year. 

Seasonal irrigation of shrubs and trees on the banks should remain in place for a minimum of three 
years, and should continue until it is demonstrated that the plantings can survive on annual rainfall 
and/or groundwater. Irrigation specifications shall be provided with site-specific landscape plans. 

F. Maintenance 

General maintenance actions should be undertaken for each planting site. Non-native invasive 
plant species should be controlled to reduce competition with the native plantings and to assure the 
success of the revegetation activities. The establishment of weeds and invasive species in the 
bottom of the basins can be partially controlled during the establishment period by implementing the 
watering schedule of initial saturation followed by alternating periods of shallow inundation and dry 
soil. Manual methods of weed removal should be conducted on the bottom, edge and side of the 
basins when these areas are not inundated. Areas with hydroseeding on the banks of the basins 
should be weeded carefully to avoid removal of the native species. 

Weeding should be conducted regularly the first two years to prevent the growth, flowering, and 
seed set of non-native weeds and invasive species. After the first two years, weeding frequency 
will be determined on a site-specific basis as determined by the type of weeds and seasonal growth 
cycle of the weed species. 

Long-term maintenance tasks on the banks of the basins will include continued control of non-
native weeds and invasive plants, and control of erosion. Erosion could include gullies, rills and 
sheet erosion. Actions to control erosion should include redirecting or dissipating the water source. 
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Recontouring and subsequent mulching and/or reseeding with erosion control species may be 
required in bare areas. In the event of extensive die-off of the native plant species, the bare areas 
should be replanted. Where the event that caused plant mortality was not a natural catastrophic 
occurrence, the site condition that resulted in the die-off should be investigated and remedial action 
to correct the problem should be undertaken prior to replanting. 

G. Nursery Sources for Native Plants 

It is recommended that the native plants used for the revegetation of treatment controls be contract-
grown by a qualified nursery. Seed collection should be conducted by a qualified botanist and/or 
nursery staff. Seed should be collected locally from selected sites to maintain the genetic integrity 
of the native plant species. The seeds shall be propagated by the nursery for planting during the 
fall dormant season. The appropriate container size for each species shall be used by the nursery. 

California Conservation Corps Nursery 
PO Box 7199 
Napa, CA 94558 
707-253-7783 

Appleton Forestry Nursery 
(call for appointment) 
1369 Tilton Road, Sebastopol 
707-823-3776 

California Flora Nursery 
Somers & D Streets, Fulton 
707-528-8813 
www.calfloranursery.com 

Circuit Rider Productions 
(call for appointment) 
9619 Redwood Hwy, Windsor 
707-838-6641 

Cornflower Farms 
9811 Sheldon Rd., Elk Grove, CA 95624 
916-689-1015 

Emerisa Gardens 
555 Irwin Lane 
Santa Rosa, CA 95401-5657 
(707)525-9600 phone 
(707)525-0300 fax 
email:mail@emerisa.com 

Larner Seeds 
PO Box 407 
Bolinas, California 94924. 
415-868-9407 
415-868-2592 FAX 
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info@larnerseeds.com 
webmaster@larnerseeds.com 

LeBallister’s Seed 
1250 Sebastopol Rd., Santa Rosa 
707-526-6733 

Mostly Natives Nursery 
27235 Highway 1, Tomales 
707-878-2009 
www.mostlynatives.com 

North Coast Native Nursery 
(call for appointment) 
2710 Chileno Valley Road, Petaluma 
707-769-1213 
www.northcoastnativenursery.com 

Pacific Coast Seed 
533 Hawthorne Place 
Livermore, CA 94551 
Ph (925) 373-4417 
Fax (925) 373-6855 
info@pcseed.com 

Watershed Nursery 
Berkeley, CA 
510-548-4714 
www.thewatershednursery.com 
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Sizing Summary Table ‐ Alternative A
Single Impervious Areas Sizing factor = 7.8%

Watershed Name Landuse Type Area  Required BMP area Area available for BMPs Percent of area

(feet 2 ) (feet 2 ) (feet 2 )

A Impervious 127,855             9,973                           10,600                                   106%

B Roof 104,940             8,185                           10,160                                   124%

C Roof 15,005               1,170                           1,615                                     138%

F Impervious 36,209               2,824                           3,320                                     118%

I Impervious 94,487               7,370                           7,428                                     101%

J Roof 55,298               4,313                           5,921                                     137%

K Roof 20,960               1,635                           1,805                                     110%

L Roof 8,800                  686                              778                                         113%

M Impervious 11,553               901                              1,005                                     112%

V Impervious 14,245               1,111                           1,177                                     106%

W Roof 21,477               1,675                           1,990                                     119%

Multiple Impervious Areas Sizing factor = 7.8%

Watershed Name Landuse Type Area  Required BMP area Area available for BMPs Percent of area

(feet
2
) (feet

2
) (feet2)

D Roof 45,877               3,578                          

G Impervious 28,600               2,231                          

Total 95,954    7,484                    7,539                                    101%

H Impervious 36,751               2,867                          

E Roof 86,410               6,740                          

Total 123,161            9,607                          11,818                                  123%

Pervious Paving  Areas Sizing Factor =  1.6%

Watershed Name Landuse Type Area  Required BMP area Area available for BMPs Percent of area

(feet 2 ) (feet 2 ) (feet2)

o Pervious Paving 17,016               272                              280                                         103%

p Pervious Paving 24,825               397                              500                                         126%

q Pervious Paving 3,747                  60                                67                                           112%

r Pervious Paving 30,231               549                              620                                         113%

s Pervious Paving 30,681               491                              611                                         124%

t Pervious Paving 27,765               444                              455                                         102%

u Pervious Paving 50,617               810                              1,011                                     125%

v Pervious Paving 48,121               770                              1,470                                     191%



Sizing Summary Table Alternative B
Single Impervious Areas Sizing factor = 7.8%

Watershed Name Landuse Type Area  Required BMP area Area available for BMPs Percent of area

(feet 2 ) (feet 2 ) (feet 2 )

A Impervious 127,855             9,973                           10,600                                   106%

B Roof 104,940             8,185                           10,160                                   124%

C Roof 15,005               1,170                           1,615                                     138%

F Impervious 36,209               2,824                           3,320                                     118%

I Impervious 86,698               6,762                           7,641                                     113%

L Roof 8,800                  686                              778                                         113%

M Impervious 11,553               901                              1,005                                     112%

N Impervious 14,245               1,111                           1,177                                     106%

W Roof 21,477               1,675                           1,990                                     119%

Multiple Impervious Areas Sizing factor = 7.8%

Watershed Name Landuse Type Area  Required BMP area Area available for BMPs Percent of area

(feet
2 ) (feet 2 ) (feet2)

D Roof 45,878               3,578                           430                                        

G Impervious 28,600               2,231                           7,109                                    

Total 95,955    7,484                    7,539                                    101%

H Impervious 36,821               2,872                          

E Roof 86,410               6,740                           11,818                                  

Total 123,231            9,612                          11,818                                  123%

Pervious Paving  Areas Sizing Factor =  1.6%

Watershed Name Landuse Type Area  Required BMP area Area available for BMPs Percent of area

(feet 2 ) (feet 2 ) (feet2)

o Pervious Paving 17,016               272                              280                                         103%

p Pervious Paving 24,825               397                              500                                         126%

q Pervious Paving 3,747                  60                                67                                           112%

r Pervious Paving 29,930               544                              620                                         114%

s Pervious Paving 30,681               491                              611                                         124%

t Pervious Paving 27,765               444                              455                                         102%

u Pervious Paving 49,507               792                              1,011                                     128%

v Pervious Paving 9,373                  150                              1,470                                     980%

x Pervious Paving 50,412               807                              1,164                                     144%



Sizing Summary Table Alternative C
Single Impervious Areas Sizing factor = 7.8%

Watershed Name Landuse Type Area  Required BMP area Area available for BMPs Percent of area

(feet 2 ) (feet 2 ) (feet 2 )

A Impervious 127,855             9,973                           10,600                                   106%

B Roof 104,940             8,185                           10,160                                   124%

C Roof 15,005               1,170                           1,615                                     138%

F Impervious 36,209               2,824                           3,320                                     118%

I Impervious 86,698               6,762                           7,641                                     113%

L Roof 8,800                  686                              778                                         113%

M Impervious 11,553               901                              1,005                                     112%

N Impervious 14,245               1,111                           1,177                                     106%

W Roof 21,477               1,675                           1,990                                     119%

Multiple Impervious Areas Sizing factor = 7.8%

Watershed Name Landuse Type Area  Required BMP area Area available for BMPs Percent of area

(feet
2 ) (feet 2 ) (feet2)

D Roof 45,878               3,578                           430                                        

G Impervious 28,600               2,231                           7,109                                    

Total 95,955    7,484                    7,539                                    101%

H Impervious 36,821               2,872                          

E Roof 86,410               6,740                           11,818                                  

Total 123,231            9,612                          11,818                                  123%

Pervious Paving  Areas Sizing Factor =  1.6%

Watershed Name Landuse Type Area  Required BMP area Area available for BMPs Percent of area

(feet 2 ) (feet 2 ) (feet2)

o Pervious Paving 17,016               272                              280                                         103%

p Pervious Paving 24,825               397                              500                                         126%

q Pervious Paving 3,747                  60                                67                                           112%

r Pervious Paving 29,930               544                              620                                         114%

s Pervious Paving 30,681               491                              611                                         124%

t Pervious Paving 27,765               444                              455                                         102%

u Pervious Paving 49,507               792                              1,011                                     128%

v Pervious Paving 9,373                  150                              1,470                                     980%

x Pervious Paving 39,943               639                              984                                         154%



Sizing Summary Table Alternative D
Single Impervious Areas Sizing factor = 7.8%

Watershed Name Landuse Type Area  Required BMP area Area available for BMPs Percent of area

(feet 2 ) (feet 2 ) (feet 2 )

A Impervious 127,855             9,973                           10,600                                   106%

B Roof 104,940             8,185                           10,160                                   124%

F Impervious 23,436               1,828                           2,011                                     110%

M Impervious 11,553               901                              1,005                                     112%

N Impervious 14,245               1,111                           1,177                                     106%

W Roof 21,477               1,675                           1,990                                     119%

Multiple Impervious Areas Sizing factor = 7.8%

Watershed Name Landuse Type Area  Required BMP area Area available for BMPs Percent of area

(feet
2 ) (feet 2 ) (feet2)

D Roof 45,878               3,578                           430                                        

G Impervious 5,302                  414                              7,109                                    

Total 72,657    5,667                    7,539                                    133%

H Impervious 48,835               3,809                          

E Roof 71,655               5,589                           11,818                                  

Total 120,490            9,398                          11,818                                  126%

Pervious Paving  Areas Sizing Factor =  1.6%

Watershed Name Landuse Type Area  Required BMP area Area available for BMPs Percent of area

(feet 2 ) (feet 2 ) (feet2)

o Pervious Paving 17,016               272                              280                                         103%

p Pervious Paving 24,825               397                              500                                         126%

q Pervious Paving 3,747                  60                                67                                           112%

r Pervious Paving 32,982               593                              620                                         105%

s Pervious Paving 30,681               491                              611                                         124%

t Pervious Paving 27,840               445                              455                                         102%

u Pervious Paving 46,933               751                              1,011                                     135%

v Pervious Paving 9,373                  150                              1,470                                     980%



Sizing Summary Table Alternative E
Single Impervious Areas Sizing factor = 7.8%

Watershed Name Landuse Type Area  Required BMP area Area available for BMPs Percent of area

(feet 2 ) (feet 2 ) (feet 2 )

A Roof 3,600 281                              360 128%

B Roof 3,600 281                              360 128%

C Impervious 16,442 1,282                           1,401 109%

D Impervious 17,329 1,352                           1,401 104%

E Impervious 3,424 267                              378 142%

F Roof 15,870 1,238                           1,390 112%

G Roof 15,651 1,221                           1,340 110%

H Roof 22,500 1,755                           1,754 100%

I Roof 10,014 781                              791 101%

J Roof 10,006 780                              818 105%

K Roof 10,012 781                              799 102%

L Roof 22,500 1,755                           1,754 100%

M Roof 16,600 1,295                           1,300 100%

N Roof 16,600 1,295                           1,300 100%

O Roof 16,600 1,295                           1,300 100%

P Roof 6,939 541                              621 115%

Q Impervious 4,051 316                              343 109%

R Impervious 17,640 1,376                           1,479 107%

T Impervious 20,039 1,563                           1,637 105%

U Impervious 15,725 1,227                           1,326 108%

V Impervious 5,461 426                              492 116%

W Impervious 1,258 98                                132 134%

X Impervious 17,156 1,338                           1,845 138%

Y Impervious 8,186 639                              773 121%

Pervious Paving  Areas Sizing Factor =  1.6%

Watershed Name Landuse Type Area  Required BMP area Area available for BMPs Percent of area

(feet
2 ) (feet 2 ) (feet2)

aa Pervious Paving 3,792 61                                99 163%

bb Pervious Paving 12,403 198                              234 118%

cc Pervious Paving 8,185 131                              234 179%

dd Pervious Paving 69,351 1,110                           1230 111%

ee Pervious Paving 35,349 566                              618 109%

ff Pervious Paving 56,700 907                              958 106%

gg Pervious Paving 13,509 216                              252 117%

hh Pervious Paving 10,948 175                              301.4 172%

ii Pervious Paving 2,152 34                                49 142%

jj Pervious Paving 49,741 796                              804 101%

kk Pervious Paving 3,657 59                                132 226%

ll Pervious Paving 8,380 134                              211.4 158%

mm Pervious Paving 3,655 58                                132 226%

nn Pervious Paving 10,565 169                              258 153%

oo Pervious Paving 14,925 239                              258 108%

pp Pervious Paving 10,634 170                              258 152%




