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1. Introduction
The San Francisco Public Utilities Commission (SFPUC) is developing the framework for an
Integrated Watershed Management Program (IWMP) that will address wastewater and
stormwater issues citywide. The SFPUC will coordinate with other city agencies and local
community groups to develop green stormwater management strategies within the Channel
Basin. The new emerging area of Best Management Practices (BMPs) includes technologies
such as Low Impact Design (LID), for highly urbanized, impervious areas like the Channel
Basin.
Prior to industrialization, a large portion of stormwater flow in San Francisco percolated into the
ground, while the remaining water ran off to local creeks and streams, eventually flowing to the
ocean or San Francisco Bay. Typical of most large cities, San Francisco’s development altered
the natural landscape of many of the City’s drainage basins. In the Channel Drainage Basin,
Mission Bay and the surrounding wetlands were filled and contributing creeks and streams were
put into pipes and covered. Fill areas for the Channel Drainage Basin along the San Francisco
Bay are shown in grey on Figure 1-1.
Figure 1-1: Mission Creek Watershed
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With reduced percolation and the infill of wetlands and streams, stormwater is now collected in
the City’s combined sewer system instead of utilizing natural drainage functions. Storm and
sewage water combine in the system, and is delivered to one of the two large wastewater
treatment facilities operated by the City. This system helps reduce stormwater pollution during
small storm events because the stormwater runoff from streets and parking lots, which contains
particulate and dissolved pollutants such as trash, chemicals, and animal feces, will be removed
at the treatment plant instead of flowing to the ocean or San Francisco Bay. However, during
large storm events, the combined sewer system cannot accommodate the large peak volumes of
stormwater inflow, and the system overflows at designed outlets along the ocean and bay. These
overflows result in both storm and sewage water being discharged without treatment.
One of the goals of the IWMP is to use green technology to minimize the impact that
development has on stormwater management. Creation of more pervious areas can decrease
stormwater runoff volume. Temporary storage solutions can attenuate peak stormwater runoff,
decreasing the instantaneous storage volume required in the combined system. Both of these
techniques can lead to a reduction in combined sewer overflow events.
This report includes a preliminary evaluation of 18 candidate projects in the Channel Basin that
would utilize various LID technologies to reduce the impact of development on the environment.
Five of these projects were selected for further study and were evaluated based on cost,
hydraulics, operation and maintenance, and feasibility to demonstrate the concepts of LID.
Throughout the Channel Basin there are a number of development and redevelopment plans that
could provide partnering opportunities for LID projects. Also, the City and County of San
Francisco is committed to improving the environmental performance of its buildings by
becoming certified by the Leadership in Energy and Environmental Design (LEED), a national
green building certification system developed by the U.S. Green Building Council. Since all San
Francisco municipal construction projects over 5,000 square feet are required to meet LEED
Silver Standards, implementation of LID technologies could help meet those requirements.
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2. Basin Conditions
The Channel Basin is located on the northeast side of San Francisco, bounded by Golden Gate
Park to the northwest and the San Francisco Bay to the east as shown on Figure 2-1. Originally
comprised of sand dunes, marshes, and Mission Bay, the basin encompasses an area of 8.7
square miles or 5,568 acres. Historically, Mission Bay contained abundant mussels, limpets, and
smelt that fed herons, egrets, osprey, hawks, and other migratory birds as well as the native
people of the area. Two Yelamu villages, Sitlintac and Chutchui, occupied the banks of Mission
Creek.
Figure 2-1: San Francisco's Channel Basin

Today, the Channel Basin includes the Financial District South, South of Market (SOMA), Inner
Mission, Mission Bay, Western Addition and Tenderloin neighborhoods, among others. Portions
of Pacific Heights, Nob Hill, and Potrero Hill are also located in the basin. These neighborhoods
represent a variety of land uses, including residential, commercial, financial, and industrial.
(Appendix A, Figure 1).

2.1.

Basin Dynamics

Channel Basin is located in the Northeast Drainage Basin, and is a subsection of the Bayside
Drainage Basin. During the development of the Northeast Drainage Basin in the early 1900s, the
sand dunes along the San Francisco Bay were leveled and used to fill Mission Bay and the
surrounding creeks and marshes. By 1913, the Bay was almost entirely filled and converted
predominantly into steel works and ship yards. Mission Bay’s bordering creeks, Hayes Creek,
Mission Creek, and Dolores Creek, were diverted to underground pipes that drain into the
SFPUC’s combined sewer system.
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Currently, all of Channel Basin’s wastewater and stormwater flows are collected and conveyed
through the SFPUC’s combined sewer system. Transport/storage tunnels located under main
arteries such as Market Street, King Street, and Van Ness Avenue deliver flow to the Channel
Pump Station (Appendix A, Figure 2). Discharges from the Channel Pump Station flow to the
Southeast Water Pollution Control Plant (SEWPCP) for treatment. Table 2-1 summarizes the
physical characteristics of the Channel Basin.
Table 2-1: Characteristics of Channel Basin
Basin Characteristics
Basin Area
Runoff Coefficient (upper Channel Basin)
Runoff Coefficient (lower Channel Basin)
Channel Basin Storage Volume
Channel Pump Station Pumping Rate
Total Flows
Total Dry Weather Flows
Total Wet Weather Flows
Number of Combined Sewer Overflows
CSO Duration
CSO Volume

5238 acres
0.690
0.7055
38 MG
88 MGD
12,734 MG
10,513 MG
2,221 MG
9.88
40 hours
346 MG

The Channel Basin is characterized by significant changes in elevation, ranging from sea level at
the Bay to the highest elevations of approximately 750 feet located around Twin Peaks. These
drastic changes in elevation make it difficult to apply LID techniques using infiltration to reduce
stormwater runoff. In addition, much of the east Channel Basin, such as Mission Bay, is built
on fill (Appendix A, Figure 3). Liquefaction concerns in fill areas further limit the infiltration
opportunities in Channel Basin.
2.1.1. Combined Sewer System Flows
The City of San Francisco has developed a Bayside Planning Model capable of simulating an
artificial storm for design purposes. In 2000, Chris Phanartzis of HydroConsult Engineers Inc.
developed a simulated storm to model the response of each watershed. The hydraulic model is
based on characteristic values for each basin, such as runoff coefficient, discharge and storage.
A maximum rate of 88 MGD (3.7 MG/hr) can be discharged by the Channel Pump Station to the
SEWPCP. Utilizing transport storage boxes as well as large diameter pipes, the Channel Basin
combined sewer system has a maximum storage capacity of 38 MG.
During normal dry weather operation, the Channel Pump Station receives flow from the Channel
and Northshore Basins. During a significant storm event, flow from the Northshore Basin is
diverted to the North Point Wet Weather Facility. At this point, storage in the Channel Basin
system is typically exceeded, and excess water exits the system through Combined Sewer
Overflows (CSOs).
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2.1.2. CSO Frequencies and Flooding Areas
On average, the Channel Basin experiences 10 CSOs per year with a total volume of 346 MG.
This volume comprises 38% of the City’s total CSO volume per year, while the Channel Basin
makes up 32% of San Francisco’s total area. In addition to overflows, the basin has multiple
flood watch areas, several of which are listed below. A map of these flood watch areas is
provided as Figure 4 in Appendix A.





Fillmore Street and Geary Boulevard
16th Street and Folsom Street
Harrison Street and 5th Street
Market Street and Van Ness Avenue

Flooding in the Channel Basin is largely due to the convergence of natural flow paths and major
sewer interceptors in low-lying areas. In most of these cases, sewers are undersized to carry flow
collected upstream in the system to the CSO outfalls. Localized depressions exacerbate flooding
in areas such as Market Street and Van Ness Avenue, and Harrison Street and 5th Street, because
water tends to escape the combined sewer system in low-lying areas during large storm events,
and pool in the area until flow in the system subsides. The Channel Basin contains land-use
zones with the greatest population density, which increase runoff due to high levels of
impervious surface. Since San Francisco’s collection system are sized according to the flows
during a 5- year design storm, analysis for the chosen projects will be based on the ability to
reduce the peak flows for the 5-year, 3-hour design storm.
2.1.3. Rainfall and Infiltration
The precipitation in the Bay Area is seasonal and usually in the form of rain. The greatest
amounts of precipitation fall during late autumn, winter, and early spring. Precipitation amounts
are greatest in northern California and progressively decrease southward. Altitude also influences
precipitation patterns; the greatest amounts of precipitation fall in the mountains. The rainfall
data extends back to August 14, 1849 and the two rainfall observation sites, located in Mission
Dolores and Duboce Park within the Channel Basin, continue to record climate information.
After precipitation reaches the ground surface it enters the larger soil pores by gravity and enters
the smaller pores by capillary action. The process of infiltration can continue only if there is
room available for additional water at the soil surface. The available volume for additional water
in the soil depends on the porosity of the soil and the rate at which previously infiltrated water
can move away from the surface through the soil.
Infiltration rates typical depend on:
• Soil type and slope
• Soil saturation (time between storms)
• Ground disturbance (fire, landslides, and earthquakes)
• Vegetation density and type
Vegetation creates more porous soils by both protecting the soil from pounding rainfall, which
can close natural gaps between soil particles, and loosening soil through root action.
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Infiltration Zone Ratings for the Channel Basin are illustrated on Figure 3 in Appendix A. The
color coding scheme depicts the relative feasibility of infiltration-based projects. Red areas
represent soils that are poor candidates for infiltration-based projects while lighter colored areas
are potential sites for infiltration based projects. The Infiltration Zone Rating is based on
multiple factors: liquefaction hazards, groundwater depth, hydrologic soil groups (see Table 2-2
for description), contamination, ground slope and slope stability.
Table 2-2: NRCS Hydrologic Soil Groups
Group
A

(1)

Criteria
Saturated hydraulic conductivity is very high or in the upper half of high and internal free water
occurrence is very deep
B
Saturated hydraulic conductivity is in the lower half of high or in the upper half of moderately high
and free water occurrence is deep or very deep.
C
Saturated hydraulic conductivity is in the lower half of moderately high or in the upper half of
moderately low and internal free water occurrence is deeper than shallow.
D
Saturated hydraulic conductivity is below the upper half of moderately low, and/or internal free water
occurrence is shallow or very shallow and transitory through permanent.
(1) The criteria are guidelines only. They are based on the assumption that the minimum saturated hydraulic
conductivity occurs within the uppermost 0.5 m. If the minimum occurs between 0.5 and 1 m, then saturated
hydraulic conductivity for the purpose of placement is increased one class. If the minimum occurs below 1
m, then the value for the soil is based on values above 1 m using the rules as previously given. (NRCS, Soil
Survey Manual)

In the eastern region of Channel Basin, the Infiltration Zone Rating is poor due to a combination
of very high liquefaction hazard, soils classified as hydrologic soil group D, and potential
contamination from being in a Maher Area. The Maher Area encompasses the area of the City
bayward of the original high tide line where past industrial uses and fill associated with the 1906
earthquake and bay reclamation often left hazardous waste residue in soils and groundwater (San
Francisco Armory Mixed-Use Project 1800 Mission Street Initial Study). The western region of
the Channel Basin has moderate to high liquefaction hazards, hydrologic soil groups A and B,
and areas with low slopes and landslide hazards, making it a more appropriate area for
infiltration projects, although still challenging.
2.1.4. Groundwater
Once water has infiltrated the soil it remains in the soil, percolates down to the groundwater
table, or becomes part of the subsurface runoff process. The landward parts of the groundwater
basins in San Francisco generally are bounded horizontally and vertically by bedrock, which is
assumed to be relatively impermeable compared with unconsolidated alluvium. Groundwater
flow may occur between basins where the bedrock ridge that constitutes the boundary is
subsurface. The thickness of unconsolidated alluvial deposits in a groundwater basin is a
primary factor that controls the potential for groundwater development. The Channel Basin has a
relatively low storage capacity with a maximum alluvium thickness of less than 300 feet,
compared to 2400 feet in the western basin (Phillips, 1998).
Groundwater recharge to the basin occurs from infiltration of rainfall, landscape irrigation, and
leakage of water and sewer pipes; where leakage from municipal water and sewer pipes

Page 6

May 2009

San Francisco Public Utilities Commission

Low Impact Design Final Report
Channel Drainage Basin

accounted for about half of the total recharge value. Recharge to the Channel Basin was
estimated to be 5,900 acre-feet per year (California’s Groundwater Bulletin 118, 2004).
2.1.5. Evapotranspiration
Apart from precipitation, the most significant component of the hydrologic budget is
evapotranspiration (ET). Evapotranspiration is the loss of water to the atmosphere from the
earth's surface by evaporation and transpiration. Water evaporates from a variety of surfaces,
such as lakes, rivers, pavements, soils, and wet vegetation; transpiration is the loss from livingplant surfaces. The more important factors include net solar radiation, surface area of open
bodies of water, wind speed, density and type of vegetative cover, availability of soil moisture,
root depth, reflective land-surface characteristics, and season of year. Evapotranspiration varies
regionally and seasonally, during a drought it varies according to weather and wind conditions.
Table 2-3 shows the reference ET values in San Francisco and neighboring cities in California,
for comparison.
Table 2-3: Evapotransipration Rates (inches)
City

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

Annual

San
Francisco
Half Moon
Bay
San Diego
Stockton
Sacramento
Pasadena

1.5

1.3

2.4

3.0

3.7

4.6

4.9

4.8

4.1

2.8

1.3

0.7

35.1

1.5

1.7

2.4

3.0

3.9

4.3

4.3

4.2

3.5

2.8

1.3

1.0

33.7

2.1
0.8
1.0
2.1

2.4
3.4
4.6
5.1
5.3
5.7
5.6
4.3
3.6
2.4
1.5
2.9
4.7
6.2
7.4
8.1
6.8
5.3
3.2
1.4
1.8
3.2
4.7
6.4
7.7
8.4
7.2
5.4
3.7
1.7
2.7
3.7
4.7
5.1
6.0
7.1
6.7
5.6
4.2
2.6
Source 1: State of California Department of Water Resources

2.0
0.6
0.9
2.0

46.5
49.1
51.9
52.3

In San Francisco, coastal fog has been shown to cause significant reduction in rates of ET. The
maximum influence of coastal factors corresponds to a reduction in annual evapotranspiration of
about 35 percent (California Department of Water Resources, 1987). A typical soil, water
balance is shown in Figure 2-2.
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Figure 2-2: Typical Soil Water Balance

Source: FAO

2.2.

LID Opportunities

2.2.1. Benefits of Using LIDs
The primary goal for LID technology in San Francisco is to reduce the amount of peak
stormwater runoff that reaches the combined sewer system. LID is an emerging but important
tool for stormwater management. Certain LID technologies can also provide improved
community livability and air quality by reducing summertime temperatures and air conditioning
demand. Auxiliary benefits can be difficult to quantify on an LID project and cannot be easily
calculated in terms of monetary savings. A few of the important benefits of incorporating LID
technology into a project are documented in this section.
Stormwater Management – Trees and vegetation can help reduce the runoff problem by
decreasing the volume of runoff. Research shows that evergreens, conifers, and trees in full leaf
can intercept up to 36% of the rainfall that hits them.
Carbon Dioxide – Trees and vegetation reduce energy use, and remove atmospheric CO2 by
sequestration. Trees sequester between 35 and 80 pounds annually depending on their size and
growth rate. The U.S. Forest Service estimates that carbon storage by urban forests is between 40
and 90 million metric tons nationally.
Quality of Life – Trees and vegetation can help reduce noise, which is highly valued in urban
areas such as San Francisco. They also provide shade from harmful ultraviolet radiation,
particularly open spaces. In addition, several studies have shown that home values are higher on
tree-lined streets.
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2.2.2. Streetscape Potential
In a densely developed area such as San Francisco, the opportunities for LID projects can be
limited. However, streets, sidewalks and medians are typically large impervious areas that can be
easily modified to retain stormwater while providing streetscape beautification. Streetscape
LIDs can include bioretention medians, sidewalk urban forests and permeable paving for
sidewalks and parking areas. Due to the space requirements for these LIDs, not all streets in the
Channel Basin can be modified with Streetscape LIDs. The sidewalks and medians must be wide
enough to accommodate trees or vegetation and the pervious pavement should only be used in
areas with moderate traffic flow. According to the Better Streets Plan, to determine appropriate
sidewalk widths, the following should be considered: (1) Adjacent land use, (2) Adjacent
building forms, (3) Adjacent ground floor use, and (4) Roadway characteristics. The standard
minimum sidewalk widths range from 8, 10, and 12 feet on streets located in Industrial,
Residential, and Commercial zoned areas, respectively. Where existing conditions are too
narrow, designers can widen sidewalks to accommodate stormwater facilities. Sidewalks that are
too narrow can prevent the provision of amenities and also prevent pedestrians from moving
comfortably, therefore only wider streets were considered for streetscape LID projects and are
listed below:
•

•

•

Market Street - One of the largest thoroughfares in the Channel Basin, Market Street has
25 foot wide sidewalks that provide more than enough room for large urban forest, and
possibly the addition of other sidewalk vegetation. In addition, the sidewalks could be
modified with permeable pavement that could provide stormwater attenuation during rain
events. The Market Street Bike Path, which runs the length of Market Street from the
Embarcadero in the Financial District to Mission Street in Corona Heights, could be
upgraded with permeable pavement. In addition to incorporating a streetscape LID, this
would make the bike path more distinctive from the existing roadway, increasing biker
safety.
Dolores Street - The entire length of Dolores Street includes a 20 foot median that is
currently populated with palm trees and sod grass. These medians could be redesigned
with rain gardens or bioretention cells to increase the volume of stormwater that could be
stored or attenuated.
Mission Street – Mission Street is another major thoroughfare that includes large
sidewalks ideal for an urban forest. In addition, Mission Street has significantly fewer
trees already planted, making the addition of an urban forest in this area more
advantageous and desirable.

2.2.3. DPW Street Improvement Projects
The San Francisco Department of Public Works (DPW) maintains 12,458 blocks of streets in the
City. Coordination with street paving projects could provide opportunities for LID
implementation. The DPW street paving schedule for the next five years (based on the 5 year
CIP) is depicted on Appendix A, Figure 5.
2.2.4. Partnership Opportunities
Partnering with existing development programs in San Francisco presents excellent opportunities
to cost effectively implement LID projects. Plans that already call for beautification of streets
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provide excellent sites for urban forests and bioretention basins. Plans that intend to increase
green space in neighborhoods present prime locations for constructed wetlands, detention basins
and rain gardens. Repavement plans can be used to implement permeable pavement projects
provided that they are in areas where infiltration is acceptable. Perforated underdrains can be
used to provide overflow drainage for low permeability subgrades and/or for storms exceeding
the design storm. Areas that have new housing or that are replacing existing housing can
incorporate all aspects of LID technologies.
Throughout San Francisco there are a number of development and redevelopment plans that
could provide partnering opportunities for LID projects. Appendix A, Figure 6 shows graphically
the jurisdictional area for many of these plans. Appendix E, Table 1 highlights plans that would
work well with LID projects. To benefit from the potential synergies that become apparent when
two projects are considered together, one or more plans in Appendix E, Table 1 will be
considered for the Channel Basin Analysis.
2.2.5. Large Parking Lots in the Channel Basin
Large parking lots play a major role in transporting stormwater runoff and contaminant loads to
the combined sewer system. Permeable pavement can be used to locally infiltrate rainwater and
reduce runoff volume. The use of LID features could decrease the frequency of CSO events, and
eliminate problems with standing water, facilitate pollutant removal, and provide for a more
aesthetically pleasing environment. Appendix A, Figure 7 shows the location of large open
space areas such as parking lots within the Channel Basin. The figure also shows the locations
of other open space areas such as parks and schools, discussed in the following sections.
2.2.6. Parks in the Channel Basin
The 2008 Clean and Safe Neighborhood Parks Bond focuses on the basic, critical needs of the
park system. The $185 million bond proposal will facilitate the following improvements:
1. Fix and improve park restrooms citywide;
2. Eliminate serious earthquake safety risk in neighborhood and waterfront park facilities;
3. Renovate parks and playgrounds in poor physical condition;
4. Replace dilapidated playfields;
5. Restore the health of the parks’ urban forest and plant new trees;
6. Repair nature trail systems in the City’s parks; and
7. Attract matching community and philanthropic support.
Appendix A, Figure 8 depicts the locations of the parks slated for improvement in the Clean and
Safe Neighborhood Parks Bond. Table 2-4 lists the current projects funded under the bond that
are within the Channel Basin, along with the status and projected budgets. Projects in the
planning or initiation stages would be prime candidates for LID incorporation.
Table 2-4: Current SF Recreation and Parks Department CIPs in Channel Basin
Project Name

Status

Buena Vista Park Landscape Improvement
Chinese Recreation Center
Hamilton Recreation Center/Playground
Mission Dolores Park Renovation

Bid/Award
Planning
Construction
On-hold
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Project Name

Status

Mission Dolores Park - Children's PS
Mission Playground Renovation
Potrero Hill RC-PG Improvements
Raymond Kimbell Playground Renovation
Rincon Hill Pocket Park
Rolph Park Playground & Clubhouse

Planning
Initiation
Construction
On-hold
Planning
Close-out

Total Project Budget
$12,441
$7,500,000
$1,476,575
$3,300,000
$91,173
$3,209,966

2.2.7. Schools in the Channel Basin
The San Francisco Green Schoolyard Alliance (SFGSA) is a coalition of Bay Area civic
organizations, schools, and government agencies that support schoolyard transformations from
ordinary asphalt yards into ecologically rich green spaces. SFGSA secured $2 million of the
$295 million proposed in Proposition A for greening thirteen public elementary schoolyards,
three of which are in the Channel Basin: Bryant, Harvey Milk Civil Rights, and Rosa Parks
Elementary Schools. This would be an excellent opportunity to add LID features within the
water systems on school grounds.
2.2.8. Leadership in Energy and Environmental Design (LEED)
The City and County of San Francisco is committed to improving the environmental
performance of its buildings by becoming LEED certified, a national green building certification
system developed by the U.S. Green Building Council. Since all San Francisco municipal
construction projects over 5,000 square feet are required to meet LEED Silver Standards,
implementation of LID technologies could help meet those requirements.
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3. Candidate LID Projects
The Channel Basin’s topography, lack of infiltration opportunities, and high density land use
shape the potential LID opportunities for the area. Projects that attenuate peak storm flows and
have a reduced footprint are best for the Channel Basin. The discussion below includes a project
summary, applicability to IWMP goals, and potential neighborhood teaming partners. Appendix
A, Figure 9 depicts those projects where specific project sites are identified.

3.1.

Basinwide Cistern Program

A cistern program could be implemented throughout the Channel Basin to attenuate peak storm
flows to the combined sewer system. In high density areas such as the Financial District, cisterns
would likely be located underground to minimize space requirements. Potential locations for 18
cisterns have been identified, including six cisterns in the minor drainage basin 30-B that drains
to the flood prone area near Market and Van Ness. A basinwide cistern program would require
significant coordination with landowners and neighborhood associations, especially in high
density areas.

3.2.

Hayes Valley Vegetated Roof Program

The Hayes Valley Vegetated Roof Program would establish Vegetated Roofs on buildings in
minor drainage basin 30-B, which contributes to flooding in the Market and Van Ness area. The
Market and Octavia Neighborhood Plan, which is also being developed in minor drainage basin
30-B, includes the possibility of adding new housing. All new housing in San Francisco will be
required to include stormwater management BMPs, which includes vegetated roofs.

3.3.

Haight Ashbury/NOPA Rain Gardens

In Haight Ashbury and North of the Panhandle, there are more than three dozen city blocks that
are composed of residential buildings with small vegetated areas maintained by the property
owners. Neighborhood workshops could be held to introduce the concept of rain gardens, an LID
project both functional and aesthetically pleasing. Similar to the Friends of the Urban Forest
Plan, the residents would receive volunteer assistance in the initial planting of the rain gardens
but would be ultimately responsible for their care. The year round beauty of these gardens
combined with their stormwater improvements would provide a great benefit to the City of San
Francisco.

3.4.

Masonic Avenue Bioretention Planters

Masonic Avenue is a wide boulevard that could be modified to include bioretention planters
either in a newly created center median or on the sidewalks adjacent to the street. Currently there
are no development plans in the area.

3.5.

Golden Gate Park Panhandle Constructed Wetlands

As a city-owned open space, the Golden Gate Park panhandle provides an excellent opportunity
for a LID project. A constructed wetland could be installed to reduce stormwater runoff while
providing habitat for local wildlife and an aesthetic amenity to the park. The Golden Gate Park
panhandle is one of the few areas in the Channel Basin where infiltration can be used reduce
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storm flow to the combined sewer system. The wetland can be designed to reduce degradation of
the existing groundwater from stormwater infiltration.

3.6.

Golden Gate Park Panhandle Bioretention

A bioretention basin could be used instead of a constructed wetland at the Golden Gate Park
panhandle. Both projects would provide treatment and an aesthetic benefit; however, the
bioretention basin has a higher flood reduction benefit than a wetland. The construction and
maintenance cost of a bioretention basin is typically higher than a constructed wetland.

3.7.

Bioretention along “Wiggle” Bike Path

Bioretention planters could be constructed along the “Wiggle” Bike Path that links the North
Panhandle to Hayes Valley. The planters would be beneficial for stormwater flow reduction and
in improving the bike path aesthetics.

3.8.

SOMA Urban Forest and Bioretention Program

Urban forests and bioretention provide a number of benefits to residents beyond stormwater
abatement. Trees provide shade, improve air quality and improve the aesthetics of the
neighborhood. Bioretention planters provide stormwater attenuation at the same time that they
provide a parklike atmosphere in an urban environment. An urban forest/bioretenion planting
program in the South of Market area could be included in a number of area and city-wide plans
including the Urban Forest Plan, the East SOMA Neighborhood Plan, the Mid-Market
Redevelopment Project, the SOMA Area Plan and the SOMA Alleyway Improvements Project.
The Urban Forest Plan is a long range plan designed to increase the urban forest in San Francisco
through both private and public efforts. Part of the East SOMA Neighborhood Plan includes
improving the character of their streets as one of their main goals. The Mid-Market
Redevelopment Project includes a goal to improve open space development and streetscape
improvements and the SOMA Area Plan intends to expand park spaces and improve the
appearance of pedestrian corridors. The SOMA Alleyway Improvements Project has identified a
set of alleyways for improvements in order to create safe and clean pedestrian circulation
network in the project area.

3.9.

Folsom Street Area Rain Gardens and Bioretention Planters

Rain gardens and bioretention planters on Folsom Street could be incorporated into the Mission
Neighborhood Plan, which in part proposes to improve the neighborhood by enhancing public
spaces and streets to create a vibrant neighborhood. Property owners could benefit from rain
garden workshops while larger public spaces could install bioretention planters. Both solutions
would improve drainage in the area while enhancing the character of the neighborhood.

3.10. Folsom Street Area and Permeable Paving Program
Another possible addition to the Folsom Street Area, which could fall under the Mission
Neighborhood Plan, would be the installation of permeable paving. Infiltration maps designate
this area as challenging, which may reduce the applicability of permeable pavement in the area.
However, if permeable pavement was coupled with a storage solution such as an underground
cistern, the package could unobtrusively increase storage and attenuate flows. Repaving the
streets with permeable paving may be accomplished under the Mission Neighborhood Plan under
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the goals to improve the streets and transit in the area. In addition, the DPW will be repaving
sections of the Folsom Street Area within the next four years.

3.11. Easement Permeable Paving
In the Mission Bay and Potrero Hill there is a half mile strip of San Francisco easement.
Currently the land is being used as parking for various commercial and industrial users in the
area. By replacing the current paving with permeable paving, this area could provide stormwater
storage and decrease peak storm flows. As mentioned in the Folsom Street Area and Permeable
Paving Program, the low infiltration rating in this area may require that the permeable pavement
be paired with a storage solution such as an underground cistern. This work could fall under the
Showplace Square / Potrero Hill Neighborhood Plan to help meet the streetscape improvement
goal.

3.12. Division Street Urban Forest and Detention Basin
Detention basins come in many varieties, but for dense urban areas, underground detention
basins can provide stormwater storage without impacting current uses. Alternatively, multipurpose detention basins can provide storage during storm events and function as open spaces
the rest of the year. Coupling an underground detention basin with an Urban Forest would
provide some treatment of the stormwater, potentially allowing the water collected to be
discharged directly to the San Francisco Bay instead of being sent to a treatment plant. The
Division Street area is included in the Market and Octavia Neighborhood Plan. Neighborhood
leaders may be willing to partner with the City of San Francisco to construct this project as part
of pedestrian improvements (urban forest) and transformation of neighborhood alleys into usable
open space (multi-purpose detention basins).

3.13. Polk Street Urban Forest and Bioretention Basin
The Polk Street Design Project intends to make improvements to lower Polk Street, focusing on
streetscape design and beautification as well as improving the overall activity, economic
vibrancy and aesthetic quality of the corridor. An urban forest and a bioretention basin in this
area would provide shade and a park-like atmosphere in an area that is currently devoid of green
space. Stormwater storage in this area could potentially reduce flooding near Market Street and
Van Ness Avenue.

3.14. Divisidero Urban Forest and Bioretention Basin
The Divisidero Urban Forest and Bioretention Basin project could potentially team with the
Divisidero Street Design Project, an improvement project that focuses on streetscape design and
beautification with a goal of increasing overall activity, economic vibrancy and aesthetic quality
of the corridor. Stormwater storage in this area could potentially reduce flooding near Market
Street and Van Ness Avenue.

3.15. Webster and Fillmore Streets Permeable Pavement & Urban Forest
Providing permeable pavement and an urban forest along Webster and Fillmore Streets would
provide both stormwater storage and aesthetic value to the area. Permeable pavement can replace
standard pavement as the DPW plans to repave a large portion of Webster Street by 2012. The
urban forest could be created in concert with residents and Friends of the Urban Forest.
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3.16. SOMA Vegetated Roof Program
In an area with high urban density, vegetated roofs can be a simpler alternative than underground
or ground level storage. Vegetated roofs could either be added to existing buildings or could be
required for new developments. There are a number of development and redevelopment plans in
the area including the SOMA Area Plan and the Mid-Market Redevelopment Project. The
SOMA Area Plan includes a proposal for new housing, which could be required to have a certain
percentage of the buildings utilize eco-roofs. The Mid-Market Redevelopment Project proposes
to replace all of the existing affordable housing in the area. The replacement developments could
be required to utilize eco-roofs.

3.17. Urban Forest and Biorention along Mission Creek Bikeway
The Mission Creek Bikeway proposes be an improved bicycle and pedestrian path along a
former Southern Pacific Railroad right-of-way, abandoned in 1991. The bikeway will bridge an
important gap in the City’s bicycle network, from the Mission district to downtown, SOMA, and
Mission Bay; the bikeway will serve a city where 1 of 25 adults relies on a bicycle for daily
commuting. As such, the bikeway would be a great opportunity to implement LID features along
the proposed route while improving aesthetics and provide stormwater storage along the historic
Mission Creek rail corridor. Installation of bioretention basins and a tree planting program along
the bikeway could be included in a number of city-wide plans including; the Urban Forest Plan,
Mission Neighborhood Plan, Showplace Square/Potrero Hill Neighborhood Plan, Mission Bay
North Redevelopment Plan, and the SOMA Area Plan. Due to high liquefaction hazard in the
area, the bioretention basins would not be designed to infiltrate into the groundwater; instead
they would attenuate the flow by providing a large area for water to collect and subsequently
drain slowly into the combined sewer system. An urban forest and bioretention basin in this area
could reduce flooding at the Harrison Street and 5th Street flood watch area.

3.18. Powell Street BART Groundwater Recovery Station
In dry weather conditions, between 130,000 – 170,000 gallons per day (gpd) of groundwater is
pumped out of the local aquifer in order to dewater the Powell Street BART and MUNI Station.
Currently, this water is being discharged directly into the storm sewer, increasing the demand on
the system. As an alternative to discharge, the groundwater could be used as irrigation water for
the local urban forest. In addition to reducing the impact on the combined sewer system, this
would reduce the demand on potable water, currently being used for irrigation.

3.19. 17th and Folsom Redevelopment
The San Francisco Planning Department is proposing to convert the existing parking lot at 17th
and Folsom into a park site and affordable housing. The project site approximately 60,900 square
feet is located in historic Mission Creek, will be converted to 2/3 park and 1/3 affordable housing
by area. Since this is new development, LEED silver certification is likely to be required and
many opportunities for LID implementation throughout the park and proposed housing. Due to
high groundwater, infiltration potential is questionable; consequently the groundwater could be
utilized as irrigation for the proposed park.
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4. Project Screening
In order to most effectively evaluate the applicability of various LID technologies in the Channel
Basin, it is necessary to examine a smaller number of projects in detail. The goal of Section 4 is
to select five of the nineteen projects discussed above and perform a more detailed evaluation. A
brief general description is provided in Appendix F for applicable LID technologies and general
benefits for using LIDs, followed by a detailed analysis for each of the five selected Channel
Basin LID projects.
Candidate projects listed above were screened to determine their fit and contribution to the goals
of the IWMP. The screening criterion that was applied, is detailed in the Analytical Approach
TM (SFPUC 2008) and includes an examination of nine criteria: (1) Sufficient Space, (2) Site
Slope, (3) Depth to Groundwater/Bedrock, (4) Contaminated, (5) Soil Type, (6) Slope Stability,
(7) Roof Type, (8) Local Reclaimed Water Demand, and (9) LID Watering Requirements. After
discussion with SFPUC staff, the screened projects were selected and evaluated in the following
section.
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5. Project Proposals
The five projects analyzed in this section are the Mission Bike Bikeway, the SOMA Urban
Forest and Bioretention Program, the Hayes Valley Vegetated Roof Program, Powell Street
BART Groundwater Recovery Station, and 17th and Folsom Redevelopment. The selected
projects are distributed through the eastern portion of Channel Basin, where they are likely to
positively affect the four potential flood prone watch areas shown on Appendix A, Figure 4.
The selected projects are presented in the following sections and listed below:
1.
2.
3.
4.
5.

Urban Forest and Biorention along Mission Creek Bikeway
SOMA Alleyway Improvements
Hayes Valley Vegetated Roof Program
Powel Street BART Groundwater Recovery Station
17th and Folsom Redevelopment

The proposed projects below will discuss the (1) Project Background (2) Site Specific
Characteristics (3) Conceptual Design. The conceptual design will look further into design,
community, construction, and maintenance considerations, along with cost, expected flow
reductions, and recommendations.

5.1.

Urban Forest and Biorention along Mission Creek Bikeway

5.1.1. Project Background
The Mission Creek right-of-way has been a premier transportation corridor since the earliest
settlements of the Spanish Mission and throughout the development of San Francisco, and was
preserved by the first railroad serving the new city in the 1860s. During the Industrial
Revolution, like many developing cities, San Francisco used its creeks as open sewers. While the
City developed upstream, Mission Bay and its surrounding creeks and tributaries were filled and
paved over, and a man-made stormwater drainage system was constructed. Division Street was
built on top of the river which divided the street grid system of the Mission, SOMA, and Potrero
Hill neighborhoods. This rapidly changing area is evolving into a mix of commercial, light
industrial and high density residential areas, as well as a hub for science and technology with the
newly constructed UCSF campus.
The proposed Mission Creek Bikeway (MCB) would transform the abandoned Mission Creek
rail line along Division Street into an improved bicycle and pedestrian route, similar to the
photos shown in Figure 5-1. The route would begin at the intersection of 16th and Harrison
Streets, wind around the southern portion of SOMA, cross 7th Street and the Caltrain tracks, and
continue along the south side of the channel (Appendix A, Figure 10). By safely connecting the
Mission to the waterfront, including the Caltrain station, UCSF campus, AT&T Park, and the
new and future developments at Mission Bay; the bike path will make the eastern waterfront
more accessible to inland neighborhoods, encouraging greater bicycle/ pedestrian activity and
improving aesthetics along the historic Mission Creek rail corridor. With the recently completed
3.2 acre Mission Creek Park, and the new developments in North and South Mission Bay, the
proposed bikeway will ease congestion and provide residents and visitors with a safer, nonmotorized alternative to driving.
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Figure 5-1: Photos of the Mission Creek Bikeway, Existing and Future

Source 2: Digipop. Mission Creek Bikeway and Greenbelt. Retrieved on October 2, 2008, from
http://www.missioncreek.org/map.html

The objective of this LID project is to identify opportunities for multi-purpose stormwater
designs to be integrated into the MCB. This would reduce the volumes and peak flow of
stormwater entering the combined sewer system, alleviate localized flooding, contribute to
neighborhood greening and ecological function, and provide ancillary aesthetic benefits to the
surrounding neighborhoods. The consideration of stormwater benefits in the design of the MCB
project also has the potential to maximize cost sharing amongst planned and future City work
within the MCB corridor.
5.1.2. Site Specific Characteristics
The Mission Creek Bikeway route is approximately 8,600 linear feet and runs through major
street grids of the Inner Mission, SOMA, and Mission Bay neighborhoods. The project area is
mostly composed of public lands, under the control of the Department of Parking and Traffic
(DPT), the California Department of Transportation (Caltrans), and DPW. This area is a mix of
commercial, light industrial and high density residential housing, along with continued new
developments sprouting in the Mission Bay area.
A project site visit to the MCB was performed by MWH with the following constraints in mind:
• Available space for LID technology
• Soil infiltration characteristics (based on Appendix A, Figure 3)
• Topography and slope
• Visible drainage patterns
• Underground utilities (based on GIS provided by SFPUC and utilities visible in the field)
After visiting the MCB project area, several locations were identified for possible
implementation of LID technologies, as detailed in the following sections.
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5.1.3. Conceptual Project Design
The Mission Creek Bikeway concept plan will integrate with the Mission, Showplace
Square/Potrero, and East SOMA Neighborhood Plans, and provide ancillary benefits to the new
developments in Mission Bay; including streetscape and sidewalk improvements, traffic calming
measures, and overall improvement of open space.
Correspondence with Judy West from the Madrina Group, one of the key developers of the MCB
plan, assisted in narrowing the selection of LID technologies used for this project. The
technologies to be considered along the MCB are bioretention basins and an urban forest. Ms.
West suggested utilizing LID features in pocket parks within the project corridor, by installing a
mix of trees and plants, each performing different functions in the removal of pollutants and
attenuation of stormwater runoff. The bikeway traverses through major thoroughfares and
different neighborhoods, making installation of LIDs directly along the path difficult.
Bioretention systems can provide runoff control in the pocket parks and in areas where the bike
path has a larger right-of-way. Designs can be customized according to local constraints and
brings landscape diversity into the built environment.
The proposed pocket parks initially considered for the Mission Creek Corridor by the Madrina
Group are shown in Figure 5-2. The pocket park sites considered for this evaluation would be
located in the parking lot behind the SPCA building, the traffic triangle in front of Dolby Labs,
and the Townsend Circle. Figure 5-3 shows the open space behind the SPCA on Treat Avenue.
These areas were selected for further study because they provide a large open space, with the
best opportunity to reduce stormwater runoff along the MCB. Design details for these pocket
parks along the MCB are included in Appendix A, Figures 10.1 through 10.4.
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Figure 5-2: Mission Creek Bikeway and Greenbelt Proposal by the Madrina Group

Source 3: Judy West
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Figure 5-3: Treat Avenue behind SPCA

Source 4: Photo taken by N. Parker

5.1.3.1. Design Considerations
The following were considered in the design of LID projects at the pocket parks along the MCB.
For the purposes of this analysis, an underdrain pipe is included in the design. However, based
on leading LID experts from the San Francisco Low Impact Design Technical Workshop, even
in poor draining soils, underdrains can be omitted. Further site infiltration tests should be
conducted prior to construction.
Slopes: To ensure positive flow at reduced velocities, areas immediately adjacent to proposed
bioretention areas should be less than 20% but greater than 2% slope. However, a weep garden
design where water percolates into the ground may be used in some areas on shallow slope
conditions and where no downstream seepage problems will impact buildings.
Setbacks: The required setback from property lines for bioretention cells is 5 feet.
Utility Clearance: Since bioretention systems are shallow and non-structural, consisting of
mostly plants, soil components, and a flexible underdrain pipe, utilities may traverse a
bioretention system without adverse impact.
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Soils: Soil for the bioretention basins must have an infiltration rate sufficient enough to draw
down any pooled water within 48-hours after a storm event. According to Appendix A, Figure 3,
the project area has a high potential for liquefaction, so infiltration of stormwater into the
groundwater table is not recommended. Therefore, the bioretention basins should be constructed
to store and attenuate stormwater flows. Basins will be constructed with specialized planting soil
mix to retain stormwater, a liner to prevent infiltration into the ground, and an underdrain system
to discharge excess water to the combined sewer system. This type of system has a minimal
effect on the volume of stormwater discharged to the combined sewer system, but can attenuate
the peak flow to the system.
5.1.3.2. Community Consideration
Partnering with community organizers of the Eastern Neighborhoods Community Plan, SOMA
plan, and the Mission Greenbelt will be beneficial for the project both in the design and
construction phases. Through these partnerships, the SFPUC could gain community acceptance
for the projects, as well as share project costs with other interested parties. In the process,
community members would be educated about the benefits of stormwater runoff reduction and
the role that LID technologies can play.
5.1.3.3. Construction Considerations
The installation of an urban forest and bioretention systems require consideration of plant
biology, hydraulic engineering and architecture. Coordination with Caltrans will be required for
the portion of the project beneath the Central freeway on Division Street, as seen on Figure 5-4.
Special requirements may need to be considered, such as clearance limits and rerouting traffic on
this major thoroughfare.
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Figure 5-4: Division Street Eastbound

Source 5: Photo taken by N. Parker

5.1.3.4. Maintenance Considerations
Bioretention basins and an urban forest will require landscaping maintenance and irrigation on a
regular basis. Initially, these systems require intense maintenance, but with proper plant
selection, less maintenance will be needed over time. Maintenance tasks could be completed by
DPW or neighborhood group stewards and coordinated with street cleaning or street tree
watering schedules. A typical maintenance schedule for a bioretention basin is presented in
Table 5-1.
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Table 5-1: Typical Maintenance Schedule for Bioretention Planters
Activity
Schedule
Re-mulch void areas
As needed
Treat diseased trees and shrubs
Mow turf areas
Water plants daily for 2 weeks
At project completion
Inspect soil and repair eroded areas
Monthly
Remove litter and debris
Remove and replace dead and diseased vegetation
Twice per year
Add mulch
Once per year
Replace tree stakes and wires
Weekly irrigation
Weekly

5.1.3.5.Cost
According to EPA documentation, construction cost estimates for bioretention areas are slightly
greater than for typical landscaping at a new development (EPA, 2007). However,
implementation of LID technologies on the MCB has the potential to reduce the need for other
required BMPs. Thus the true cost of the practice is less than the construction cost reported.
Similarly, bioretention areas may actually lower utility costs as they require less water, while
maintenance activities conducted on bioretention areas are not very different from maintenance
of a landscaped area. Also, maintenance of the bioretention basins and bicycle lane markings
could be included in the current signing and striping maintenance budget.
An opinion of probable construction cost (OPCC) was developed in accordance with the
Association for the Advancement of Cost Engineering International (AACE) Class 5 standards.
Based on unit rates per square foot of urban bioretention (Center for Watershed Protection,
2007), the OPCC is for five bioretention systems (approximately 18,780 square feet each) along
the Mission Creek Corridor is $8,505,000. Annual maintenance costs for the systems are
estimated to be $25,600 based on a percentage of the capital cost. The estimated 25-year life
cycle cost for the systems is $8,833,000.
5.1.3.6. Expected Flow Reductions
Stormwater volume and peak flow rate reductions were calculated for the proposed MCB project
using the Modified Rational Method Tool (MRMT) with the following results for the 5-year, 3hour design storm, shown in Table 5-2.
Table 5-2: Mission Creek Bikeway Flow Reduction Calculation (5-year, 3-hour Storm)
Calculation Results
Baseline runoff volume
73546
cubic feet
Baseline runoff peak flow rate
56
cubic feet/sec
Improved runoff volume
60530
cubic feet
Improved runoff peak flow rate
44
cubic feet/sec
(79% of baseline)

5.1.4. Expansion of Design Project in Subbasin
The creation of pocket parks using bioretention basins and trees can be applied to other areas in
the Channel Basin to help reduce stormwater runoff and help with the beatification of
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neighborhoods. Appendix A, Figure 10.5 provides a map of vacant properties and other areas in
the Channel Basin where similar projects may be feasible.
5.1.5. Recommendations and Conclusions
Installations of bioretention basins and urban trees along the MCB corridor may help reduce
localized flooding, while enhancing community livability in the Mission, SOMA, and Potrero
Hill neighborhoods. Unfortunately, due to the land acquisition needs along Division Street and
right-of-way conflicts with Caltrans owned land, the MCB has low priority. However,
partnering with other neighborhood plans and implementing LID technologies could revive
interest in the MCB project.
Other underutilized open space around the City could be converted to pocket parks that function
as a stormwater management tool. This would allow for the full development of the property,
while maintaining the essential site hydrologic function.
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SOMA Alleyway Improvements

5.2.1. Project Background
The San Francisco Redevelopment Agency and the DPW completed public streetscape
improvements in the South of Market Redevelopment Project Area in 2006. Agency staff and the
SOMPAC have had discussions about extending the improvements to the residential and
commercial alleyways in the surrounding area (San Francisco Redevelopment Agency, 2008).
Out of these discussions, the Alleyway Improvement Project (AIP) has been developed to
improve the aesthetics of the neighborhood. The project area for the AIP is shown in Figure 5-5.
To tie this LID study in with this existing AIP, Moss Street was selected as a typical alley/street
to demonstrate how LIDs could be implemented as part of an alleyway improvement program.
Figure 5-5: South of Market Alleyway Improvement Project Area

Source 6: AIP

Moss Street connects Howard Street and Folsom Street, is approximately 550 linear feet and
varies between 21 and 26 feet wide. Moss Street is used only by vehicular traffic traveling in the
easterly direction. For the majority of the alleyway the sidewalks are 5 feet wide, however the
sidewalks on the northeastern side of the street are 8 feet wide. The total alleyway surface area
including the street and sidewalks is approximately 19,300 ft2. There are a number of small
business and residential buildings along the street as well as a relatively large parking lot on the
south side of the street. Stormwater from the alleyway and adjacent properties could be directed
to new LIDs constructed in conjunction with the AIP. A general location plan for the Moss
Street project is provided as Appendix A, Figure 11.
The intent of this LID project relates to the objectives of the established plans in the
redevelopment area. The AIP goals are as follows:
•
•

Promote a network for pedestrians and bicyclists
Reduce vehicular speed
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Promote safety, cleanliness, and beautification
Minimize construction and maintenance costs
Create outdoor living rooms for the community
Promote city and community partnerships

Although stormwater management is not a specific goal of the AIP, it is apparent that LID
practices could be integrated into the project with shared objectives. Streets are a significant
urban pollutant source area and act as the primary conduit to move stormwater runoff from
rooftops, sidewalks, and driveways. Street retrofits slow and treat stormwater near the source,
improve neighborhood appearance, calm traffic, and act as a focal point to educate adjacent
residents about stormwater quality.
5.2.2. Site Specific Characteristics
Suitability factors considered in the feasibility analysis for LIDs in the SOMA alleyways include
the following:
•
•
•
•

Access – Selected alleyways should ideally not be classified as arterial or connector roads.
Alleys which are slated for future improvements are preferred. Alleyways that are wider and
have limited on-street parking are preferred.
Utilities – Alleyways where utilities are located only one side of the street are preferable. As
infiltration opportunities in the area are limited, a means of connection to a natural waterway
or to an existing sewer must be possible.
Topography – The area should have longitudinal slopes less than 5%. Where it is greater,
check dams and terracing should be used.
Existing Improvements - Alleys that already have mature street trees or intensive residential
landscaping have reduced value for LID development.

Several streets/alleys were studied in the SOMA district. Small narrow alleys were considered
but the preference for this conceptual project is to develop a ‘typical’ street within the existing
boundary of the AIP. This in turn adds more value to a program across the remainder of the
basin. Based on the above suitability factors, Moss Street was selected as a representative
alleyway improvements project for further analysis under this study. Moss Street is a wide oneway street with on-street parking and sidewalks. It is largely non-landscaped, slightly sloped,
and has minimal auto traffic. The combined sewer system is accessible for removal of excess
stormwater.
5.2.3. Conceptual Project Design
The conceptual design is integrated with local redevelopment plans, including other traffic
calming measures and street improvements such as widened sidewalks, ornamental street lights,
artwork, and benches resulting in an overall upgrade to the urban space.
For a one way street with parking on the north side, there is a combination of LID options
available. A conceptual layout of three options for Moss Street is shown in Figure 5-6 and
detailed below.
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Option A – Individual planters are relatively inexpensive and have minimal disturbance on the
existing community and infrastructure, but only have minimal capacity to impact the hydrologic
conditions. Planters can be implemented in areas that do not meet the minimum space
requirements of other technologies.
Option B –Bioretention cells in the sidewalk accept greater flows than planters with minimal
increase in traffic disturbance. Bioretention cells are appropriate in areas with wide sidewalks
and narrow or busy streets.
Option C – Curb extensions can be used as bioretention cells and also act as a traffic calming
measure; however, parking capacity along the street is reduced. Value is added if the street
naturally slopes toward the curb cuts, or resurfacing is already planned. This option would
provide the greatest surface area for bioretention cells, however it also requires a large amount of
space.
Option D – Manufactured Treatment Technologies, such as the Rehbein Environmental
Passive Integrated Chamber can be used in place of bioretention cells in Options B and C. This
technology is not illustrated separately in the figure below.
Figure 5-6: Conceptual Alleyway LID Options at Moss Street
A - Individual planters

B- Linear Bioretention Cells

KEY
Sidewalk
LID practice
Vehicle
Traffic direction

C- Curb extension
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Moss Street has one way traffic and a wide sidewalk with parking on the north side. The layout
of the street along with the mix of residential and commercial buildings encourages the use of
linear bioretention cells. The cells would be located between the street and the sidewalk and
would be buried below grade. The number of cells and spacing will be dependent on local
hydrologic conditions. There are two main options for the material of the cells: manufactured
technology (e.g. Rehbein) or engineered soils. Manufactured Rehbein chambers are easy to
install and have a proven maintenance record while engineered soils have a smaller
environmental impact from a materials standpoint.
When the street is scheduled for repavement, runoff from the southern half of the street and
neighboring lots could be directed to the bioretention cells on the north side. This would require
that the bioretention basins be oversized to account for potential future flows. For the purpose of
this design and to allow a generic approach that can be applied across the city, it has been
assumed that the cells will capture and treat flows from the north side of the street only.
Description: The typical bioretention planter can be described as a depressed 5 ft wide trench
running behind the curb. The curb cuts direct runoff into the bioretention cell, and the water is
filtered through the vegetation and soil. The filtered water is discharged through an underdrain
connected to the existing sewer system. Design elements heeding the characteristics of this ultraurban area include a masonry-block retaining wall, a precast concrete collection sump (sediment
forebay), a metal-plate walkway and fencing. A similar example can be seen from Lansing,
Michigan in Figure 5-7. See Appendix A, Figure 11.1 for a conceptual plan and profile of the
Moss Street design.

Figure 5-7: Urban Bioretention example, Lansing, Michigan
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Source 7: City of Lansing, Michigan
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5.2.3.1. Design Considerations
Soil Suitability: Topsoil shall be used within the top 18 inches of the facility.
Dimensions and Slopes: Facility storage depth must be at least 12 inches, unless a larger-thanrequired planter square-footage is used. Minimum planter width is 18 inches. Planter slopes shall
be less than 0.5%.
Setbacks: Required setback from property lines is 5 feet, unless the planter height is less than 30
inches.
Planter Walls: Planter walls shall be made of stone, concrete, brick, or wood. Chemically
treated wood that can leach out toxic chemicals and contaminate stormwater shall not be used.
Sizing: Typical individual flow-through planters are designed to receive less than 15,000 squarefeet of impervious area runoff. For these projects, a ratio of impervious area to planter area of
0.06 may be used (City Of Portland, 2004). The selected approach of four 100 feet x 5 feet wide
cells along the north side of the street provides an area of 2000 sq ft with an impervious
catchment of 54,000 sq ft. This results in a ratio of 0.04. A high-flow overflow is provided to the
existing sewer. Planters shall be designed to pond water for less than 12 hours after each storm
event.
The approach assumed 90% of impervious flow from the lots could be directed to the cells.
Some local pipework modification may be required to disconnect downspouts and direct this
flow.
5.2.3.2.Community Consideration
A period of disruption to the public will be required during construction. A public outreach
program of stormwater management education and construction issues should be initiated and
integrated with ongoing schemes. Community concerns may include: restricted parking and
access, increased noise, dust, and flooding as well as general stormwater management.
5.2.3.3. Construction Considerations
Special attention needs to be paid to the planter waterproofing if constructed adjacent to building
structures. Consideration should be given to the interface between construction workers, traffic
and pedestrians.
5.2.3.4. Maintenance Considerations
The life of a bioretention cell can be indefinite if the proper maintenance is performed at a
regular interval. The objective of maintenance is to preserve vegetation cover and hydrologic
integrity of the cell. Monitoring and maintenance of the project should be scheduled to begin as
soon as construction is completed. This will be more intensive while the project is new and
require less frequent effort as vegetation becomes established and problem areas are rectified.
If implemented as a pilot project, a monitoring program should include a continuing visual
inspection and documentation of plant health, soil conditions including erosion, stability, areas of
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compaction or caking, clogging problems, and sediment accumulation. During and immediately
after rain events, stormwater ponding, and discharges to the overflows should also be noted. The
monitoring schedule could be bi-weekly, during periods of dry weather, and during or
immediately after six rain events for the first rainy season. The documentation will include a map
noting deficiencies, digital photos corresponding to map annotation, and descriptions of
deficiencies.
Regular maintenance will include litter removal, weeding, sediment removal, reporting of
erosion or other problems, vector control, revegetation, and repair of small-scale structural
problems. These activities will occur two times per month for the first six months after planting
is complete, then reduced to once per month during the rainy season and once every other month
during the dry season or as needed depending on conditions noted in the visual monitoring
activities.
Local community involvement could be encouraged to ‘adopt a rain garden’ as demonstrated
successfully in Lansing, Michigan.
5.2.3.5. Cost
A Class 5 OPCC was developed in accordance with the AACE standards based on unit rates per
square foot of urban bioretention (Center for Watershed Protection, 2007). The OPCC for the
Moss Street project is $545,000 which includes four bioretention cells along the north side of the
alleyway. Annual maintenance costs are estimated to be $4,400 based on a percentage of the
capital cost. The estimated 25-year life cycle cost for the project is $601,000.
5.2.3.6. Expected Flow Reductions
Stormwater benefits include peak flow attenuation, treatment, and some volume reduction by
evapotranspiration (though negligible for a storm event). These are combined with the other
societal and environmental urban alley improvements goals such as beautification and traffic
calming. Note that as the selected LID practice does not allow any volume reduction by
infiltration, volume reduction is not a goal for the project and assumed to be zero.
Using the MRMT, Table 5-3 shows the expected stormwater flow peak attenuation as a result of
the Moss Street project.
Table 5-3: SOMA Alleyway Improvements (Moss Street) Flow Reduction Calculation (5-year, 3-hour Storm)
Results
Baseline runoff volume
3559
cubic feet
Baseline runoff peak flow rate
2.71
cubic feet/second
Improved runoff volume
Improved runoff peak flow rate

3559
1.39
(51% of baseline)

cubic feet
cubic feet/second

5.2.4. Expansion of Design Project in Subbasin
The expansion of the AIP utilizing LID technologies can be applied throughout the SOMA area
and to other areas in the Channel Basin to help reduce stormwater runoff and help with the
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beatification of neighborhoods. Appendix A, Figure 11.2 provides a map of other potential
streets in the Channel Basin where similar projects may be feasible.
5.2.5. Recommendations and Conclusions
Working with the existing AIP, the Moss Street project could be constructed as a demonstration
project to illustrate how LIDs can be incorporated into alleyway improvement. Once proven
successful, LIDs would be incorporated into other future AIP projects in the SOMA area.
On a smaller scale, underutilized, narrow alleyways could be improved to create a small, parklike environment using a variety of LID practices. This would increase not only the visual
appeal, safety, and use of the alleyway, but also the reuse and retention of storm water runoff
from the alleyway and possibly neighboring lots. The approach is adaptable to many urban
streets and could be widely implemented across the city.
Various options are available for the urban alleyway stormwater retrofit scenario. The following
should be considered for the next steps.
•
•

Perform additional detailed hydraulic modeling across the City to determine the most
efficient practice/location scenarios.
Develop a suite of typical signature designs that can be applied easily in different
locations.
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Hayes Valley Vegetated Roof Project

5.3.1. Project Background
The former freeway parcel between Fell Street, Oak Street, Laguna Street, and Octavia Street is
currently awaiting redevelopment as commercial and residential space. This parcel falls within
the Market and Octavia Neighborhood Plan, recently adopted by the San Francisco Board of
Supervisors. This plan aims to restore San Francisco’s long-standing practice of developing
urban spaces that respond to human needs, including offering people choices in transportation,
and building neighborhoods that provide a full range of services and amenities close to where
people live and work (The City and County of San Francisco, 2008). An aerial view of the parcel
is shown in Appendix A, Figure 12.
According to SFPUC’s development strategy, redevelopment areas must remain in compliance
with San Francisco’s Stormwater Design Guidelines. The guidelines include:
•
•
•

Minimizing impervious surfaces to allow more rainfall to permeate into the ground;
Reducing the volume and intensity of stormwater runoff to reduce flows that end up in
receiving waters; and
Conveying and treating stormwater runoff using landscape features, and other “green”
systems to provide treatment.

To meet the goals and objectives of the Market and Octavia Plan and to comply with the
Stormwater Design Guidelines, LID technologies are being considered for the former freeway
parcels.
5.3.2. Site Specific Characteristics
The Market and Octavia Neighborhood Plan outlines the following goals for the parcels:
•
•
•
•
•
•

Conform to the neighborhoods existing urban scale and character, and maintain a strong
connection to streets and public spaces.
Improve the reliability, frequency, and overall dignity of transit, and bicycle service.
Create a network of safe and convenient bike lanes, bike routes, and calmed traffic streets
for bicycles.
Provide a safe and comfortable public right-of-way for pedestrian use and improve the
public life of the neighborhood.
Maximize efficient building forms through height restrictions on new construction. New
residential buildings will have a height restriction of 40 feet and commercial buildings
should be between 50 to 55 feet.
Extend the areas alley network and improve it.

5.3.3. Conceptual Project Design
The former freeway parcel will be divided into two smaller parcels by extending Hickory Street.
The conceptual design for these two parcels incorporates vegetated roofs and cisterns. Each
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technology is designed to slow the travel of stormwater to the sewer system and possibly
eliminate it. The Market and Octavia Neighborhood Plan explicitly encourages the development
of rooftop gardens as a form of common open space which can also be designed to attain
stormwater management goals. Cisterns can be used to collect and store stormwater for nonpotable uses such as irrigation or toilet flushing.
5.3.3.1. Design Considerations
Vegetated roofs: There are two general types of vegetated roofs, extensive and intensive. An
extensive vegetated roof type is covered in engineered soil, typically 3 to 5 inches thick, with
low-lying, lightweight vegetation growing across it. Extensive vegetated roofs are not designed
to support groups of people. On the other hand, an intensive vegetated roof is garden-like and
can support trees, shrubs, and people. Keeping in line with the goals set forth in the Market and
Octavia Neighborhood Plan in which rooftop gardens are used as meeting spaces, this conceptual
design uses intensive vegetated roofs.
In addition, the design assumes that storage will be provided by five 2000-gallon cisterns (city or
commercial use) and 100 55-gallon rainbarrels (residential use) , resulting in a total of 15,500
gallons of stormwater storage.
Typically the cross section of a vegetated roof consists of:
• A waterproof membrane;
• A root barrier;
• An optional insulation layer;
• A drainage layer;
• A filter fabric;
• The engineered growing medium or soil substrate (Soil depth is typically 9 to 36 inches);
• The plant material (75 to 350 pounds per square foot for soil and plants, respectively);
and
• A biodegradable wind blanket, such as a jute or coco liner-type mesh, to be placed over
the new plants to stabilize establishing roots. (City of Portland, 2004)
Based on the parcel maps, the parcel north of Hickory St is approximately 30,000 sf and the
parcel south of Hickory St is approximately 40,000 sf. Assuming that 15% of each parcel will be
open space, that leaves approximately 25,500 and 34,000 sf, respectively as roof area. Of that, it
is assumed that 85% will be available for a vegetated roof. Therefore, the area of each vegetated
roof is estimated to be approximately 21,675 and 28,900 sf, respectively.
5.3.3.2. Community Consideration
Vegetated roofs offer many potential benefits, such as reduced runoff, increased
evapotranspiration, prolonged roof life, and reduced roof temperature (resulting in decreasing
energy costs). Vegetated roofs can also improve a property’s aesthetic and landscaping value,
and they create additional recreational space when constructed to bear the weight of people and
their outdoor activities. They also provide habitat for some types of wildlife such as birds and
insects.
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5.3.3.3. Construction Considerations
The installation of vegetated roof requires consideration of plant biology, hydraulic engineering,
structural engineering, and architecture. The saturated weight of the system and load bearing
capacity of the underlying roof deck, the moisture and root penetration resistance of the
waterproofing membrane, resistance to wind shear, management of drainage, and the suitability
of the proposed plant material are all critical aspect of vegetated roof design (City of Portland,
2004).
The photo in Figure 5-8 show the vegetated roof on the Academy of Sciences in San Francisco,
California.
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Figure 5-8 Vegetated Roof on the Academy of Sciences in San Francisco, CA

Source: Photo taken by N. Parker

5.3.3.4. Maintenance Considerations
Vegetated Roof: When a properly installed vegetated roof is established, its maintenance
requirements are usually minimal. However, an intensive vegetated roof tends to have higher
maintenance requirements because plantings are heavier and more elaborate than on an extensive
roof. For both types, maintenance requirements typically include inspection of the roof
membrane (the most crucial element of a vegetated roof), as well as inspection and preventive
maintenance of the drainage layer flow paths. Typical landscaping maintenance will also be
required.
Cisterns: Maintenance requirements for cisterns are relatively low. The following should be
inspected at least twice a year: roof catchment, gutters, downspouts, entrance to cistern, cistern,
and spigot.
Rainbarrels: Rainbarrels are assumed to be owned and operated by residents and therefore
require no maintenance by city staff. Maintenance requirements would be similar to that of
cisterns.
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5.3.3.5. Cost
Initially, vegetated roofs generally cost more than their conventional roof counterparts, but
provide considerable long-term benefits and cost savings, i.e., reduced stormwater quantity,
improved air quality, and reduced building energy demand. The cost analysis for the Hayes
Valley project is a Class 5 OPCC in accordance with the AACE standards based on unit rates per
square foot of vegetated roof. (EPA, 2007). Based on 50,500 sf of roof area, the OPCC for the
substitution of an intensive vegetated roof for a standard roof is $2,859,000. Substitution of an
extensive vegetated roof for a standard roof results in an OPCC of $869,000. Annual
maintenance costs are estimated to be $8,600 for an intensive vegetated roof and $2,700 for an
extensive vegetated roof, based on a percentage of the capital cost. The estimated 25-year life
cycle cost for an intensive vegetated roof system is $2,969,000, and for an extensive vegetated
roof project is $874,000.
In the 5-year, 3-hour design storm, all runoff from the green roof can be contained in five 2,000
gallon cisterns. The installed cost for each cistern is $50,000. Additional storage could be
provided if residents choose to install 55-gallon rain barrels (approximately $500 installed)
however, rainbarrels are not included in the total cost of the project as the residents would cover
this cost themselves.
5.3.3.6. Expected Flow Reductions
Stormwater volume and peak flow rate reductions were calculated for the proposed Hayes Valley
project using the MRMT with the following results, shown in
Table 5-4.
Table 5-4: Hayes Valley Vegetated Roof Project Flow Reduction Calculation (5-year, 3-hour Storm)
Results
Baseline runoff volume
4291
cubic feet
Baseline runoff peak flow rate
3.27
cubic feet/second
Improved runoff volume
0
cubic feet
(assumes all five 2000-gallon cisterns are
empty before storm)
Improved runoff peak flow rate
1.36
cubic feet/second
(42% of baseline)

Stormwater volume reduction is limited with a vegetated roof system, which is generally
designed for peak flow attenuation. However, the cisterns included in the Hayes Valley project
are designed for stormwater volume reduction, and are assumed to store the 1300 cubic feet of
runoff that would be generated by the vegetated roof during the 5-year, 3-hour design storm.
The stored water in the cisterns would need to be emptied between storm events to obtain the full
volume reduction for each storm event.
5.3.4. Expansion of Design Project in Subbasin
Though the technology is mostly limited to redevelopment areas, the use of vegetated roofs can
be expanded in the Market and Octavia neighborhood and other areas of the Channel Basin to
help reduce stormwater runoff. Appendix A, Figure 12.3 provides a map of other potential
parcels in the Channel Basin where similar projects may be feasible.

Page 38

May 2009

San Francisco Public Utilities Commission

Low Impact Design Final Report
Channel Drainage Basin

5.3.5. Recommendations and Conclusions
Vegetated roofs offer substantial benefits to San Francisco. Unfortunately, they cannot often be
retrofitted onto existing buildings because of their weight requirements. See Table 5-5. The
parcel of land where the former Fell Street overpass is awaiting redevelopment is an excellent
location to employ a vegetated roof. The use of an intensive vegetated roof will coincide with the
goals of the Neighborhood Plan. Calculations show that a vegetated roof in combination with
cisterns can attenuate the peak flow from the roof area and reduce stormwater volume.
Table 5-5: Roof Loading Requirements
Intensive
Extensive
Dead Load(1) 80-150 psf
10-50 psf
Live Load(2) 100 psf
0 psf
(1)
Ontario Association of Architects
(2)
City of Portland, 2004

Vegetated roof technology can be expanded used throughout the Channel Sub-basin, but is
generally applicable to new developments or major renovations. Cisterns and rainbarrels
however, can typically be retrofit into existing developed areas.
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Powell Street BART Groundwater Recovery Station

5.4.1. Project Background
The Powell Street BART station is located in the heart of downtown San Francisco on Market
Street between 4th Street and 5th Street. The station extends to approximately 75 feet below
ground surface (bgs), well below the existing groundwater table. As a result, approximately 90 –
120 gallons per minute (gpm) of groundwater is discharged to the combined sewer system during
dry weather conditions. During rain events this number increases to over one million gallons per
day (MGD). With both pumps on, the Powell Street BART groundwater pump station is capable
of discharging a maximum instantaneous flow of approximately 1400 gpm.
By using this water for alternative purposes, approximately 48 million gallons (MG) of dry
weather flow could potentially be diverted from the combined sewer system each year. A map of
the project area is shown in Appendix A, Figure 13.1.
According to samples collected and analyzed by the SFPUC between 1997 and 1998, the quality
of the groundwater pumped at the Powell Street BART station appears to be acceptable for
irrigation purposes. The pH of the water is approximately 6.7, the metals content is within
maximum limits, and organic toxics measured under EPA 608 and 524/624 analytical methods
are within reasonable limits.
The Channel Basin is home to over 5,000 trees as a part of the DPW urban forest project. Each
tree is irrigated with 25 gallons per week of potable water, equating to over 6 MG per year. The
nearby Yerba Buena Gardens requires approximately 28,400 gallons of irrigation water per week
(1.5 MG per year).
This project proposes construction of a Powell Street BART Groundwater Recovery Station that
will allow groundwater pumped from the BART station to be used as irrigation water for the
urban forest throughout Channel Basin as well as the Yerba Buena Gardens. The station would
consist of a large storage tanks, delivery pumps and piping, and a water truck fill station.
5.4.2. Site Specific Characteristics
The Powell Street BART Station is located in the Financial District of the City, and as a result
the surrounding neighborhood is completely developed. Ideally, Powell Street BART
Groundwater Recovery Station should be located adjacent to the Powell Street station to
minimize the amount of piping required and reduce the head requirement for the pumps. Due to
limited open space in the area, a parking lot located 300 feet north of the station is a more
appropriate location for an irrigation water station.
Limited open space also impacts the demand that can reasonably be served by the Groundwater
Recovery Station. In addition to the DPW trees located in the Channel Basin, 6,000 more trees
exist in other areas of the City. However, delivering water via truck to areas outside of the
Channel Basin is likely to have a large carbon footprint, reducing the environmental savings
incurred by substituting groundwater for potable water. A major user of irrigation water that
could be serviced by the groundwater recovery system is the Yerba Buena Gardens, located less
than a quarter of a mile from the Powell Street BART station. The Yerba Buena Gardens are
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approximately 60,000 square feet and as such would have an additional demand on the
groundwater recovery system of 28,400 gallons per week. Even with the addition of the
Gardens, the demand on the system is still significantly smaller than the supply.
Another potential user of water is the developments in Mission Bay. In an inspection report
dated August 31, 2006 Steve Todd of the Bureau of Environmental Regulation and Management
(BERM) wrote the following: “In September 2002, I put BART in contact with Mission Bay in
the hope that Mission Bay might find a use for the water. Les [Freligh] tells me that Mission Bay
took samples, had them analyzed and was told ‘the water was too clean.’” (Kam, 2008) Mission
Bay did not pursue the project. However, lab data indicates that the pumped groundwater is of
high quality, and would likely be appropriate for irrigation. Delivery of irrigation water to
customers in Mission Bay may still be a possibility, pending further water quality sampling. To
appeal to a wider customer base, the water could be supplemented with fertilizers or other
additives to increase irrigation benefits.
The Central Subway Project is a part of MUNI’s Third Street Rail Improvement Project that will
run below the Powell Street BART Station. This project is currently in the process of
Environmental Impact Review (EIR) and has not yet entered the design phase. Improvements
required for the Powell Street BART Station Groundwater Recovery Station could be
incorporated into the Central Subway Project.
5.4.3. Conceptual Project Design
The Powell Street BART Station Groundwater Recovery Station will tie into the existing
combined sewer lateral for the Powell Street BART groundwater pump station. The Station will
be located in a parking lot 300 feet north of the Powell Street BART station. A pipeline with
control valves will be constructed under Market Street from the pump station to the facility.
The Station will consist of a 10,000 gallon water storage tank, a 600 gpm pump for filling a
water truck, and piping, hoses, and appurtenances for a water truck fill station. A potable water
line will also be installed to provide means of filling the storage tank when the Powell Street
BART Groundwater Pump Station is not in operation. The water line will also supply potable
water for the purpose of flushing and maintenance. The storage tank will be equipped with a
ladder and access hatch, high and low level sensors as well as a level indicator. Fencing will be
provided to secure the facility, and a turnaround area will be provided for trucks to gain access.
A sketch of the design is shown in Appendix A, Figure 13.2 and Figure 13.3.
A second pipeline could potentially be constructed to deliver irrigation water from the Powell
Street BART groundwater pump station to Yerba Buena Gardens and other potential users. The
pipeline is not included as part of this project.
5.4.3.1. Design Considerations
The following were considered in the design of the Powell Street BART Groundwater Recovery
Station.
Utility Clearance: A new pipeline will need to be constructed between the existing Powell
Street BART groundwater pump station and the new Powell Street BART Groundwater
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Recovery Station. Utility clearance will be difficult since the pipeline will be installed under
Market Street, a busy transportation and utility corridor. Trenchless construction methods are
assumed, but close utility coordination will be required.
Any additional pipelines to Yerba Buena Gardens or other users will also require close
coordination with local utilities.
Truck Access: Water trucks utilizing the Station will require relatively easy access to the
facility. The design should include enough space for trucks to maneuver in and out of the facility
quickly.
5.4.3.2. Community Consideration
Heavy traffic already exists in the area of the Powell Street BART Groundwater Recovery
Station proposed location. The addition of a water truck fill station will increase truck traffic in
the area, and result in water trucks traveling further than they currently do to fill. In addition,
portions, if not all of an existing parking lot will be used to make way for the station. This will
reduce the already limited available parking in the neighborhood.
5.4.3.3. Construction Considerations
Due to the developed and highly trafficked nature of the existing neighborhood, special
considerations will need to be made during construction. The proposed pipeline leading to new
the storage tank will cross Market Street, one of the most heavily trafficked streets in San
Francisco. This is likely to require that trenchless methods of construction be used, and that
construction take place during night hours, both increasing the cost of the project.
5.4.3.4. Maintenance Considerations
The Powell Street BART Groundwater Recovery Station will include a tank, pumps, and a water
truck fill station. These facilities will need to be secured and maintained for the life of the
project.
5.4.3.5. Cost
A Class 5 OPCC was developed in accordance with the AACE standards based on a basic 10,000
gallon Station. The OPCC does not include purchase of land for the station, water delivery
facilities (pipes, pumps, etc.) for Yerba Buena Gardens or other locations, or permitting, legal
and administration fees associated with the project. The OPCC for Powell Street BART
Groundwater Recovery Station project is $900,000. Annual maintenance costs are estimated to
be $30,000. The estimated 25-year life cycle cost for the project is $1,348,000. The life cycle
cost only includes the annual maintenance, and does not include electrical, security, fuel, and
other costs that may be associated with the station.
5.4.3.6. Expected Flow Reductions
Urban forests, Yerba Buena Gardens and other potential users do not typically irrigate during
rain events; therefore this project does not offer substantial volume of peak flow rate reduction
for storms. The storage tank required for the urban forest irrigation can store 10,000 gallons
(1,300 cubic feet) of stormwater if emptied prior to a rainfall event.
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5.4.4. Expansion of Design Project in Subbasin
Groundwater pumping schemes can be expanded in the Channel Basin, especially in the dense
Downtown and Financial Districts where many of the buildings and structures are deep below
the groundwater table and require pumping of groundwater to the combined sewer system. A
few examples of properties discharging to the sewer near the Powell Street BART station include
the Moscone Center, The Olympic Club, and 555 California St. The challenge in this area is
finding a beneficial use for the pumped groundwater, especially during the critical wet season
when flow reduction to the combined sewer system is needed most. Appendix A, Figure 13.4
provides a map of likely candidate parcels for groundwater pumping schemes, including the
parcels listed above.
5.4.5. Recommendations and Conclusions
The use of already pumped groundwater for irrigation and other purposes in the Channel Basin
has the potential to divert millions of gallons from the combined sewer system each year. The
Powell Street BART Groundwater Recovery Station can be used to water the urban forest and
other landscaping throughout the basin. Though this Station is limited in its use during wet
weather, it has an overall net positive effect by reducing potable water use and reducing the
number of gallons of wastewater treated during summer months.
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17th and Folsom Redevelopment

5.5.1. Project Background
The San Francisco Planning Department (the Planning Department) is proposing to convert the
existing 1.4 acre parking lot at 17th Street and Folsom Street into a site that includes a public park
and affordable housing. The location of the parking lot is shown in the site plan included in
Figure 14 of Appendix A, and a photograph of the parking lot is shown below in Figure 5-9.
Figure 5-9: Photo of the 17th and Folsom Parking Lot

The proposed redevelopment is at the very early stages of conceptualization, and currently the
City is working to acquire the property and have it rezoned to allow housing. Although the final
plans for the site are not yet known, the Planning Department provided the following details of a
likely implementation scenario at the site (Exline 2009):
•
•
•
•

Park size between 33,000 ft2 and 36,000 ft2, at least half pervious surface;
Five-story affordable housing building in an L-shaped configuration covering 23,800 ft2,
with the long leg along Folsom Street;
55-70 residential units in the new building, with six laundry machines, a first floor
community center, and a maximum of 7,500 ft2 for an outdoor patio; and
Zero to very limited parking, with no parking below ground.

These site plan details were utilized to develop the conceptual stormwater and water designs
presented in the following sections. The objective of the designs was to minimize potable water
consumption at the site, while reusing as much stormwater and greywater onsite as possible. The
project is likely to be required to meet LEED® certification to the Silver level, and therefore, the
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analyses also address the LEED credits that could be obtained by implementing the conceptual
water and stormwater designs.
5.5.2. Site Specific Characteristics
The 17th and Folsom parking lot is located in the area formerly occupied by Mission Creek, a
tidal slough that empties into the bay. The creek bed and surrounding marsh area were filled in
the mid-19th century as San Francisco development continued to expand. Because the parking lot
is located in the former marsh area, it is expected to exhibit the following poor subsurface
conditions: shallow groundwater, very high liquefaction potential, and low infiltration rates
(NRCS hydrologic soil group D). These constraints will make infiltration infeasible at the site
and will likely require that all LID measures be underdrained and lined with an impermeable
membrane. In addition, pumping of the shallow groundwater may be necessary to prevent
leaking into the foundation or into other subsurface structures at the site.
Subsidence is another concern for this area of marshy fill on which the parking lot and
surrounding developments are built. Due to subsidence, the hydraulic grade line of flow in the
17th Street sewer has been known to exceed the ground elevation of homes on Shotwell Street
between 17th and 18th streets (Braswell 2009). To prevent flooding of these homes, a small pump
station has been installed on Shotwell just south of 17th Street. Thus, design of infrastructure and
facilities at the 17th and Folsom site must take into consideration the hydraulic grade line of the
surrounding sewers. The locations and flow directions of the combined sewers surrounding the
site are shown in Appendix A, Figure 14.
The screening criteria discussed in Section 4 were used to assess the general site conditions at
17th and Folsom. The results of the screening analysis are summarized in Table 5-6. As shown in
the table and discussed above, the primary site constraints at 17th and Folsom involve depth to
groundwater, soil type, and liquefaction hazards. Due to these constraints, LID measures at the
site are likely to require an impermeable liner and underdrain. However, if the project moves to
design, it is recommended that a test pit or boring be drilled to more definitively determine the
site’s subsurface conditions.
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Table 5-6. Screening Summary for 17th and Folsom Redevelopment
Screening Criteria

Result(1)

Sufficient Space

Yes, the planned redevelopment provides an opportunity space for any
type of LID measure

Slope

0-2% from west to east

Depth to Bedrock and
Groundwater

> 10' to Bedrock < 10' to Groundwater

Contaminated Soil

Site is located immediately adjacent to known fill area

Hydrologic Soil Group

D

Slope Stability

In "Very High" liquefaction hazard area

Roof Type

New roof could be a vegetated roof

Local Reclaimed Water Demand

Toilet flushing in new 55-70 unit building and irrigation of new 33,000
ft2 acre park

LID Watering Needs
Water needed for plant establishment in bioretention cells
(1) The bold text indicate that the proposed LID measures do not meet the particular screening criterion without
modifications (e.g., addition of a liner and underdrain). Results were determined using site visits and City
GIS data.

5.5.3. Conceptual Design
A conceptual stormwater design was developed for the 17th and Folsom site with the objectives
of minimizing runoff during the five year, three hour (5-yr, 3-hr) storm while also maximizing
rainwater harvesting for non-potable uses. To prepare the stormwater design, a layout of the park
and affordable housing building was developed. The proposed layout, shown in Appendix A,
Figure 14.1, is intended to serve as an example of a site design that fits within the parameters
provided by the Planning Department. The layout includes five subwatershed areas with the
drainage characteristics summarized in Table 5-7.
Table 5-7. Subwatershed Conditions at Site
Proposed Conditions(1)

Existing Conditions
Subwatershed

Area
(ft2)

Runoff
Coefficient

Area
(ft2)

Runoff
Coefficient

A

Paved Parking & Roads

60,900

0.850

7,000

0.850

Permeable Pavement

B

Housing

24,300

0.850

Cistern

C

Patio

4,000

0.475

Bioretention

D

Landscaped Park Area

16,300

0.200

Bioretention

E

Impervious Park Area (e.g.,
sidewalks, playing courts,
park building)

9,300

0.825

Bioretention in
Subwatershed D

Runoff Management
for Subwatershed

Site Runoff Coefficient(1)
0.85
0.65
(1) Runoff coefficients for the proposed scenario reflect site conditions before LID is implemented. The effective
runoff coefficient after LID implementation will be considerably lower than 0.65.
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The proposed stormwater design captures all runoff from rain events up to the 5-yr, 3-hr event
using permeable pavement, cisterns, and bioretention areas. All roof runoff from the affordable
housing facility is directed to a cistern for reuse. Street runoff from the access road is collected
by permeable pavement and detained for 24 hours. Runoff in the patio and park areas is captured
by bioretention and also detained for 24 hours. Sizing calculations for the LID measures are
included in Appendix C, and section views of the bioretention and permeable pavement facilities
are shown in Appendix A, Figure 14.2. The runoff reductions resulting from the proposed
stormwater management approach are summarized in Table 5-8.
Table 5-8. Pre- and Post-Project Runoff Volumes ( 5-yr, 3-hr Storm)
5-yr Storm Runoff Volume (ft3)
Subwatershed

Proposed Conditions with LID

Existing
Conditions

Proposed
Conditions
without LID

4,659

536

B. Housing

0

1,859

C. Patio

0

171

Bioretention

134

D. Landscaped Park Area

0

293

Bioretention

230

E. Impervious Park Area

0

691

Bioretention in
Subwatershed D

542

Total Runoff Volume (ft3) (1)

4,659

3,549

1,442

Total Peak Flow (cfs)(2)

3.53

2.69

0.020

A. Paved Parking & Roads

Percent Reduction of 5-yr Storm Runoff Volume

(3)

LID Measure Capturing
5-yr Storm
Permeable Pavement
Cistern

Discharge
Volume (ft3)
536
0

69%

Percent Reduction of 5-yr Storm Peak Flow(4)
99%
(1) Based on the 5-yr, 3-hr storm with a total rainfall depth of 1.08 inches.
(2) The rainfall intensity used in the calculations was 2.97 in/hr, which is based on the 5-yr, 3hr storm with a time
of concentration of 5 minutes.
(3) Volume reduction is primarily due to the reuse of roof runoff stored in the cistern. Secondary volume loses
are due to evapotranspiration in the bioretention cells.
(4) Assumes LID devices are designed with a 24-hr drawdown time. Outlet control (e.g., valve or orifice) on the
LID measures may be needed to achieve the desired drawdown time.

As shown in the table, during the 5-yr, 3-hr rain event, the proposed stormwater management
scenario results in an estimated runoff volume reduction of 3,217 ft3 (24,000 gallons) and a peak
flow reduction of 3.51 cfs. This corresponds to about a 70% reduction in runoff volume and 99%
reduction in peak flow. The volume reduction losses are primarily due to water captured by the
cistern and reused for toilet flushing. More information regarding the site’s rainwater harvesting
and proposed water use plan is presented in the next section.
5.5.3.1.Water Demand Analysis
A water use plan for the site was developed with the goals of minimizing water consumption and
discharge to the combined sewer. Under the proposed water use scenario, rainwater collected
from the roof of the new building will be used for toilet flushing and laundry facilities.
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Greywater collected from showers, bathroom sinks, and laundry machines will be used for
subsurface drip irrigation of the landscaped park areas. Rainwater harvesting will likely require
screening to remove solids upstream of the cistern, whereas the greywater system will likely
require media filtration prior to reuse. A flow chart of the proposed water use plan is shown in
Figure 5-10.
Figure 5-10: 17th and Folsom Water Use Flow Chart
Water Supply

Water Demand

SFPUC Potable

Kitchen Sink

Offsite Discharge

Combined Sewer

Toilet

Shower
Rainwater
Harvesting

Bathroom Sink

Laundry

Greywater

Irrigation

Figure 5-10 shows the water supply source and discharge point for the major water using
facilities at the site. As shown in the figure, it is proposed that potable water only be used to
supply sinks and showers. However, as will be discussed later, it may be necessary to
supplement rainwater harvesting with greywater or potable water to meet 100% of laundry and
toilet demand. Outflows from all water fixtures are reused onsite with the exception of discharge
from the kitchen sink and toilet. Under a more aggressive water management plan, flows from
the kitchen could be used as a greywater source by providing extra treatment of the organics.
Similarly, discharge from the toilets could be eliminated by installing composting toilets. This
would result in essentially zero discharge from the site. Although these modifications are
possible, the scenario presented in the flow chart represents an aggressive water use plan that is
more likely to be allowed under the City code, and therefore, this scenario was used as the basis
of the water demand calculations at the site.
Indoor water demand estimates were calculated for a baseline scenario and a design scenario.
The baseline scenario uses conventional water fixtures and does not incorporate reuse. In
contrast, the design scenario uses ultra-efficient appliances along with rainwater harvesting. To
determine the potable water reduction and corresponding LEED credits that could be obtained,
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demand estimates were calculated using the methodology recommended in the LEED reference
manual (USGBC 2007). A summary of the indoor water demand calculations are presented in
Table 5-9.
Table 5-9. Water Demand Calculations(1),(2),(3)
Baseline Water Demand
Daily Uses
Per Person

Flowrate
(gpu or
gpm)

Duration
(usage or
sec)

Water Use
(gpd)

Water Use
(gal per yr)

5

1.6

1

1,200

438,000

Dishwasher

0.17

15

1

383

139,613

Conventional Washing Machine

0.3

40

1

1,800

657,000

Conventional Shower

1

2.5

300

1,875

684,375

Conventional Bathroom Faucet

5

2.5

15

469

171,094

Conventional Kitchen Faucet

4

2.5

60

1,500

547,500

7,226

2,637,581

Fixtures
Conventional Water Closet

Total Water Demand
Rainwater Volume Used for Toilet Flushing and Laundry

0

Total Annual Potable Demand

2,637,581

Design Case Water Demand
Daily Uses
Per Person

Flowrate
(gpu or
gpm)

Duration
(usage or
sec)

Water Use
(gpd)

Water Use
(gal per yr)

5

0.8

1

600

219,000

Energy Star Dishwasher

0.17

5

1

128

46,538

Ultra-Efficient Washing Machine

0.3

20

1

900

328,500

Low-Flow Shower

1

1.8

300

1,350

492,750

Low-Flow Bathroom Faucet

5

1.8

15

338

123,188

Low-Flow Kitchen Faucet

4

1.8

60

1,080

394,200

4,395

1,604,175

Fixtures
Ultra Low-Flow Water Closet

Total Water Demand
Rainwater Volume Used for Toilet Flushing and Laundry

(271,640)

Total Annual Potable Demand

1,332,535

Percent Reduction in Indoor Potable Demand

49.5%

(1) Flow rates and daily uses based on EPAct values as presented in the LEED Reference Manual (USGBC
2007).
(2) Water demand calculations assume 150 occupants in the new residential building.
(3) Gpm = gallons per minute; gpu = gallons per use; gpd = gallons per day

By using ultra-efficient appliances and reusing roof runoff for toilet flushing and laundry, it is
estimated that indoor potable demand can be reduced by about 50% versus baseline conditions.
A reduction of greater than 40% in indoor potable demand is considered “exemplary
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performance” by LEED standards and results in three credits under the Water Efficiency
category.
Additional LEED credits can be obtained in the Water Efficiency category by reducing potable
irrigation demand and wastewater discharges through rainwater harvesting and greywater reuse.
Under the design scenario, approximately 270,000 gallons of rainwater are collected from the
rooftop and reused for toilet flushing and/or laundry. The rainwater harvesting calculations are
included in Appendix C, and a summary of the results are included in Table 5-10.
Table 5-10. Rainwater Harvesting for Indoor Use(1),(2)
Cistern Parameter

Value

Cistern Size (gal)

14,000

Percent of Annual Roof Runoff Captured

96%

Annual Runoff Reused (gal)

271,640

Annual Indoor Non-Potable Demand

547,600

Percent of Indoor Non-Potable Demand Met by Cistern

50%

(1) See Appendix C for cistern sizing calculations.
(2) Water demand calculations assume 150 occupants in the new residential building.

The proposed 14,000 gallon cistern is sized to completely capture the roof runoff from the 5-yr,
3-hr storm. This translates to an approximately 96% capture of the annual roof runoff. At this
capture percentage, the cistern is able to provide 85% of the toilet flushing demand and 0% of
the laundry demand or 50% of the combined laundry and toilet flushing demand. To achieve a
higher percentage of indoor non-potable demand met through rainwater harvesting, the cistern
could be expanded to receive roof runoff from the building in the adjacent lot, Alternatively,
greywater could be treated to Title 22 standards and reused for toilet flushing. However, as
currently proposed, greywater is used only for outdoor subsurface irrigation at the site. This type
of end use requires less treatment and permitting than indoor use. Therefore, the calculations
presented assume that potable water is used to supplement rainwater harvesting for meeting toilet
flushing and laundry demand. A summary of the greywater supply and irrigation demand
estimates are presented in the Table 5-11, and more detailed calculations are included in
Appendix C.
Table 5-11. Greywater Supply for Irrigation(1),(2)
Water Use
(gpd)

Water Use
(gal per mo)

Water Use
(gal per yr)

900

27,900

328,500

1,350

41,850

492,750

338

10,463

123,188

Total Greywater Supply

2,588

80,213

944,438

Peak Irrigation Demand (July Demand)

1,266

39,254

N/A

Fixtures
Ultra-Efficient Washing Machine
Low-Flow Shower
Low-Flow Bathroom Faucet

Annual Irrigation Demand

184,053

Percent Reduction in Outdoor Potable Demand

100.0%
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(1) See Appendix C for cistern sizing and irrigation demand calculations.
(2) Water demand calculations assume 150 occupants in the new residential building.

As shown in Table 5-11, it is estimated that greywater can meet 100% of the irrigation demand at
the site. The water fixtures that provide greywater average about 2,500 gallons per day, easily
exceeding the peak monthly irrigation demand of around 1,250 gallons per day in July. As noted
earlier, the excess greywater supply could be used to meet toilet flushing demand if it were
treated to Title 22 standards. If greywater were not also used for irrigation, it is estimated that
each residential unit would produce enough greywater to supply toilet flushing water for
approximately four residential units.
Another potential source of non-potable water at the site is groundwater. If dewatering is
necessary to prevent leaking into the foundation or subsurface structures, then the pumped
groundwater could potentially be treated and used to meet non-potable demand. More
information is needed about the quality of the groundwater at the site to determine the extent of
treatment required, but it would likely involve media filtration and be similar to the treatment of
greywater. Although subsurface structures are not expected to be installed at the site, it is
conservatively estimated that including a basement in the new building would require up to
10,000 gpd of dewatering. This amount of groundwater could easily meet 100% of indoor nonpotable demand, which is expected to be in the range 1,500 gpd for toilet flushing and laundry.
However, the excess groundwater, perhaps as much as 8,500 gpd, would most likely be directed
back to the sewer. Therefore, it is recommended that rainwater and greywater be the primary
source of the site’s non-potable supply and that the design of the new building minimize the need
for dewatering.
Irrespective of the potential for additional non-potable water sources, the proposed reuse plan for
rainwater and greywater meets the LEED requirements for water efficient landscaping and
wastewater innovation, earning an additional three credits in Water Efficiency categories 1.1,
1.2, and 2. In addition, the design of the cistern, permeable pavement, and bioretention systems
exceeds LEED Sustainable Sites credits 6.1 – Stormwater Quantity and 6.2 – Stormwater
Quality, resulting in two additional LEED points. With the three points received for reducing
indoor potable demand, the water and stormwater designs are expected to qualify for a total of at
least eight credits, almost 25% of the 33 total credits needed for LEED Silver certification.
5.5.3.2.Cost-Benefit Summary
The twelve evaluation criteria described in the LID Analytical Approach Technical
Memorandum (SFPUC 2008) were used to estimate the costs and benefits of the 17th and Folsom
Redevelopment project. A summary of the cost-benefit estimates are presented in Table 5-12.
Table 5-12. Cost-Benefit Estimates for 17th and Folsom Redevelopment
Evaluation Criteria
Value
Contributing Drainage Area (acres)
1.4
3
(1)
Reduced Peak Flow (ft /s)
3.5 (99%)
(2)
Reduced Annual Runoff Volume (MG/yr)
0.66 (96%)
Reduced Potable Water Demand (gal/yr) (3)
456,000
Groundwater Recharge (MG/yr)
0
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Evaluation Criteria
Value
Enhanced Community Spaces (acres)
1.4
Stakeholder Involvement
High
Project Synergy
Planned redevelopment
Improved Vegetative Cover (ft2)
18,300
Hardscape CIP Cost Savings ($)
$0
Annual O&M Costs ($/yr)
$8,000
Stormwater Construction Costs ($)
$210,000
(1) Based on implementation of the stormwater design presented earlier which completely captures the 5-yr, 3hr design storm and releases it over a 24 hour drawdown time.
(2) Calculated using San Francisco runoff-capture curves which show that the proposed stormwater design
corresponds to a 96% capture of annual runoff. The volume in the table represents total “captured” runoff,
which includes runoff that is retained and runoff that is detained for at least 24 hours.
(3) Includes rainwater harvesting (272,000 gal/yr) and greywater reuse (184,000 gal/yr).

The project is expected to reduce 5-yr peak flows by around 3.5 cfs and capture 660,000 gallons
of annual runoff. Other benefits of the project include a reduced potable water demand of
456,000 gallons per year through rainwater harvesting and greywater reuse. In addition, the
conversion of the parking lot to a public park with affordable housing and a community center
provides several social, ecological, and aesthetic benefits. These benefits are likely to result in
increased interest and involvement from local community members, non-profit groups, and City
departments. The stormwater construction costs for the project are estimated as $210,000. This
includes the LID measures, underdrains, liners, discharge piping, valves, and the cistern pump. A
breakdown of the cost estimate is included in Appendix C.
5.5.4. Expansion of Design Project in Subbasin
The Mission Area Plan has proposed turning 16th or 17th Street into a “green connector” that
promotes foot and bike traffic through the eastern neighborhoods to the Bay (Planning
Department 2008). The location of the 17th and Folsom project between 16th and 17th streets and
only two blocks from the proposed start of the Mission Creek bikeway could make it an ideal
location for helping extend this green corridor.
In addition, the conversion of the parking lot to a public park with affordable housing and a
community center provides several social, ecological, and aesthetic benefits. These benefits are
likely to result in increased interest and involvement from local community members, non-profit
groups, and City departments. Thus, the project could have additional value as a visible
demonstration of low impact development. The features employed at the site, such as rainwater
harvesting, greywater systems, permeable pavement, bioretention, water conservation fixtures,
and native plant landscaping, could be effective tools for educating the public about the need for
and benefits of water-sensitive urban design. This type of project could then be replicated
throughout the basin in areas where redevelopment is planned and in areas where a watersensitive, mixed-use project would better serve the surrounding community than the existing
land use.
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Appendix A: Maps
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Links of Interest
City of Lansing
www.lansingmi.gov/pubserv/cso/michigan_ave_rain_gardens.jsp
Michigan Association of Conservation Districts, Extensive List of Rain Garden Resources
www.macd.org
Rain Gardens of West Michigan, Rain Garden Plans, Details, Etc.
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Rehbein
www.rehbeinsolutions.com
Filtera
www.filterra.com
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Document Summary
There Goes the Neighborhood: A Demographic survey of San Francisco's
Eastern Neighborhoods.
As a document, There Goes the Neighborhood is broken into three main sections. The report is
prefaced by a key map which provides a framing view of the Eastern neighborhoods relative to
the rest of San Francisco. The second section provides an examination of the current make-up of
each of the twelve targeted neighborhoods. Next, the document examines how each of these
neighborhoods has changed over the past thirty years in several key areas. The document finally
concludes by identifying up-coming development projects that could impact the character and
diversity of the Eastern neighborhoods and all of San Francisco.

Screening of Feasible Technologies (SOFT) for Wastewater and Stormwater
Management for San Francisco Bayside Watersheds.
The purpose of the study presented in this report is to screen feasible technologies (SOFT) which
can be used for future development of conceptual plans, or scenarios, applicable to
environmental improvements in the quality and quantity of stormwater and wastewater discharge
to the Bay. This document focuses on Bayside drainage and combined sewer discharge and
provides information on CSO and stormwater modeling on each of the basins and the treatment
therein. The report concludes with recommendations for management of stormwater and
wastewater

San Francisco Sewer System Master Plan – Flooding Control/System
Improvement Program Technical Memorandum July 9th 2007
The Flood Control/System Improvement Program is designed to reduce flooding to the extent
practicable by identifying and targeting problem areas, prioritizing flood relief projects,
optimizing existing facilities and conditions, and supplementing and modifying existing facilities
where needed. In addition to flood control, when a project is initiated, overall system
improvement needs will be evaluated to optimizing existing infrastructure conditions and use
which include all possibilities but not limited to use of the ground for storage where it is safe and
practical.

Mission Greenbelt Website
This website provided information on the goals and strategies of the Mission Greenbelt Project, a
proposed urban earth artwork that aims to inspire and enable San Franciscans to build a corridor
of native plant gardens in place of cement sidewalks along a selected route in the Mission
District.

Draft LID Literature Review
As part of the San Francisco Sewer System Master Plan (SSMP), the San Francisco Public
Utilities Commission (SFPUC) requested a review of green technologies to reduce and
desynchronize stormwater flows to the combined sewer system. The purpose of this report is to
document a literature review and a collection of case studies regarding these green infrastructure
strategies, otherwise known as low impact development.
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Draft Sewer System Master Plan Summary Report
The SFPUC prepared a comprehensive Sewer System Master Plan (SSMP) to describe a longterm vision and strategy for the management of San Francisco’s wastewater and stormwater;
address specific system deficiencies, community impacts, public interests and future needs; and
maximize system reliability and flexibility. This report introduced the Integrated Urban
Watershed Management (IUWM) concept and outlined its initial goals.

Urban Watershed Planning (UWP) Charrette
This document summarized the efforts of SFPUC staff, activists, engineers, landscape architects,
ecologists and urban designers to determine the best means of reducing the effects of stormwater
flows through the use of low impact development (LID) projects. In addition this document
contained information on the historic and current state of each basin as well as a number of
reference maps.

Wastewater Enterprise 5-yr CIP – Quarterly Report: Second Quarter
In 2005, the SFPUC initiated work on the Sewer System Master Plan (SSMP) to provide a longterm plan to address the City’s wastewater needs for the next 30 years. However, ground
breaking of the first SSMP capital project is not anticipated until 2012 in order to complete
environmental review, planning, design and contracting efforts. Because a number of unfunded
projects had already been identified to address the immediate needs of the wastewater system,
the SFPUC allocated $150 million in the Spring of 2005 for a 5-Year Capital Improvement
Program to begin work on critical projects addressing aging infrastructure, odor mitigation and
potential flooding in various areas of the City.

San Francisco Public Library Website
This website provides information on the Branch Library Improvement Program, which calls for
16 branches to be renovated, four leased facilities to be replaced with City-owned buildings, and
three branches to be replaced with new buildings. A list of projects in the planning, bidding, or
construction stage provided, including budgets and schedules for each library.

San Francisco DPW Website
This website lists the capital projects that DPW plans, designs, and oversees construction. Public
Works services range from cleaning, repairing, and maintaining city streets and sewers to
restoring San Francisco'
s public buildings like City Hall and the Opera House. We also build and
maintain plazas, stairways, and other public areas; coordinate street excavation work; look after
the city urban landscape; enforce litter laws; and remove graffiti and illegal signs. We regulate
street and sidewalk use while enhancing and protecting the public right-of-way; promote the
undergrounding of overhead utilities; and provide architectural, civil, structural, and mechanical
engineering services, including project and construction management.
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Appendix C: Calculations

Table 1: Modified Rational Method Tool to Calculate Stormwater LID Implementation Benefits
Mission Creek Bikeway
Rainfall Data
Model Simulation Total Rainfall
5 minute Design Rainfall Intensity

1.081658 r, 3 hours; 0.7505 inches for 5 year, 1 hour; 1.081658 inches for 5 year, 3 hours
2.96958

Baseline Runoff Coefficients
CHOOSE A SLOPE
Slope of Catchment 0-5%
Slope of Catchment 5 to 10%
Slope of Catchment 10 to 20%
Slope of Catchment >20%

1
1.05
1.1
1.15

Slope Correction Factor

1.05 Choose a factor from the 4 options above

C pervious area
C impervious area

Flat
Slight slope
Moderate slope
Steep slope

0.2625 Recommend 0.25
0.84 Recommend 0.8

0.25 Do not modify runoff coefficients unless certain of modification
0.8 fficients unless certain of modification

Baseline Conditions: Or, how the site is before proposed improvements.
Total Area
24.87 acres
Area impervious
21.13 acres
Area pervious
3.74 acres
Modified Conditions: Or, how the site will be after proposed improvements.
Area of pervious replacing impervious areas
5.74 acres

Area of permeable pavement replacing impervious area

Area of permeable pavement replacing pervious area
Permeable pavement runoff C
Is permeable pavement underdrained and returned
to sewer?

Temporary Storage volume
Green roof area replacing impervious area
Green roof area depression storage
Green roof runoff coefficient

0 acres
0 acres
0.0525 Recommend 0.05

I.e. Conversion of impervious areas to pervious areas

0.05 fficients unless certain of modification

Y or leave blank

10000
acres
0.5 inches. Recommend 0.5 inches
0.25 Recommend 0.25 Assume green roofs are relatively flat (less than 10% slope)

Calculations/Results
Baseline runoff volume
Baseline runoff peak flow rate

3
73545.55 ft
56.07 cfs

Improved runoff volume
Improved runoff peak flow rate

3
60530.06 ft
44.42 cfs

This is the runoff volume from the baseline, or preimprovement conditions.
This is the peak runoff flowrate from the baseline.
This is the runoff volume from the post improvement conditions.
This is the peak runoff flowrate from the post improvement conditions.

Note This spreadsheet can be used to ascertain potential benefits for implementing stormwater LID techniques in urban catchments within the CCSF.
The modified method has been calibrated against Infoworks and SWMM models for Leland Ave, SF using 2 year and 5 year, 1 and 3 hour simulated storm events.
The modified method has an accuracy within +/- 20% when compared with both these models.
The modified method can analyze increased pervious areas, permeable pavements, in-line storage volume (i.e. retarding basins etc), and green roofs.
The modified method is more accurate in determining volume changes than changes to peak runoff rate.
The modified method has been developed for an area with less than 5% slopes. It's applicability to steeper terrain has not been ascertained.
Storage drains in 24 to 48 hours

Table 2: Modified Rational Method Tool to Calculate Stormwater LID Implementation Benefits
Alley Improvement
Rainfall Data
Model Simulation Total Rainfall for 5 year, 3 hours
5 minute Design Rainfall Intensity

1.081658 ear, 3 hours; 0.7505 inches for 5 year, 1 hour; 1.081658 inches for 5 year, 3 hour
2.96958 Recommend 2.239 in/hr for 2 year, 5 minute, Recommend 2.96958 in/hr for 5 year, 5 minute

Baseline Runoff Coefficients
CHOOSE A SLOPE
Slope of Catchment 0-5%
Slope of Catchment 5 to 10%
Slope of Catchment 10 to 20%
Slope of Catchment >20%
Slope Correction Factor
C pervious area
C impervious area

1
1.05
1.1
1.15

Flat
Slight slope
Moderate slope
Steep slope

1 Choose a factor from the 4 options above
0.25 Recommend 0.25
0.8 Recommend 0.8

0.25
0.8

Do not modify runoff coefficients unless certain of modification
Do not modify runoff coefficients unless certain of modification

Baseline Conditions: Or, how the site is before proposed improvements.
Total Area
1.14 acres
Area impervious
1.13 acres
Area pervious
0.01 acres
Modified Conditions: Or, how the site will be after proposed improvements.
Area of pervious replacing impervious areas
0 acres

Area of permeable pavement replacing impervious area

Area of permeable pavement replacing pervious area
P
Permeable
bl pavementt runoff
ff C
Is permeable pavement underdrained and returned
to sewer?

0 acres
0 acres
0.05
0 05 Recommend
R
d 0.05
0 05

I.e. Conversion of impervious areas to pervious areas

0.05
0 05

Do not modify runoff coefficients unless certain of modification

Y or leave blank

cubic feet. Refers to inline storage (i.e. basins, planters, oversized pipes, ponds etc connected to sewer system).

Temporary Storage volume

6015

Green roof area replacing impervious area
Green roof area depression storage
Green roof runoff coefficient

0.5 inches. Recommend 0.5 inches
0.25 Recommend 0.25

acres

Calculations/Results
Baseline runoff volume
Baseline runoff peak flow rate

3
3559.30 ft
2.71 cfs

Improved runoff volume
Improved runoff peak flow rate

3
3559.30 ft
1.39 cfs

Assume green roofs are relatively flat (less than 10% slope)

This is the runoff volume from the baseline, or preimprovement conditions.
This is the peak runoff flowrate from the baseline.
This is the runoff volume from the post improvement conditions.
This is the peak runoff flowrate from the post improvement conditions.

Note This table can be used to ascertain potential benefits for implementing stormwater LID techniques in urban catchments within the CCSF.
The modified method has been calibrated against Infoworks and SWMM models for Leland Ave, SF using 2 year and 5 year, 1 and 3 hour simulated storm events.
The modified method has an accuracy within +/- 20% when compared with both these models.
The modified method can analyze increased pervious areas, permeable pavements, in-line storage volume (i.e. retarding basins etc), and green roofs.
The modified method is more accurate in determining volume changes than changes to peak runoff rate.
The modified method has been developed for an area with less than 5% slopes. It's applicability to steeper terrain has not been ascertained.
Storage drains in 24 to 48 hours

Table 3: Modified Rational Method Tool to Calculate Stormwater LID Implementation Benefits
Hayes Valley Vegetated Roof Project
Rainfall Data
Model Simulation Total Rainfall
5 minute Design Rainfall Intensity

CHOOSE A SLOPE
Slope of Catchment 0-5%
Slope of Catchment 5 to 10%
Slope of Catchment 10 to 20%
Slope of Catchment >20%
Slope Correction Factor
C pervious area
C impervious area

1.081658
2.96958

1
1.05
1.1
1.15

Flat
Slight slope
Moderate slope
Steep slope

1 Choose a factor from the 4 options above
0.25 Recommend 0.25
0.8 Recommend 0.8

0.25 cients unless certain of modification
0.8 cients unless certain of modification

Baseline Conditions: Or, how the site is before proposed improvements.
Total Area
1.37 acres
Area impervious
1.37 acres
Area pervious
0 acres
Modified Conditions: Or, how the site will be after proposed improvements.
Area of pervious replacing impervious areas
0 acres
Permeable Paving
Area of permeable pavement replacing impervious area
Area of permeable pavement replacing pervious area
Permeable pavement runoff C
Is permeable pavement underdrained and returned to
sewer?
Temporary Storage
Temporary Storage volume
Green Roofs
Green roof area replacing impervious area
Green roof area depression storage
Green roof runoff coefficient
Calculations/Results
Baseline runoff volume
Baseline runoff peak flow rate
rational coefficient by modified rainfall
Improved runoff peak flow rate

0 acres
0 acres
0.05 Recommend 0.05

I.e. Conversion of impervious areas to pervious areas

0.05

Y or leave blank

0

1.16 acres
0.5 inches. Recommend 0.5 inches
0.25 Recommend 0.25

3

4290.6 ft
3.27 cfs
2.993337
1.36 cfs

This is the runoff volume from the baseline, or preimprovement conditions.
This is the peak runoff flowrate from the baseline.

This is the peak runoff flowrate from the post improvement conditions.

Note This spreadsheet can be used to ascertain potential benefits for implementing stormwater LID techniques in urban catchments within the CCSF.
The modified method has been calibrated against Infoworks and SWMM models for Leland Ave, SF using 2 year and 5 year, 1 and 3 hour simulated storm events.
The modified method has an accuracy within +/- 20% when compared with both these models.
The modified method can analyze increased pervious areas, permeable pavements, in-line storage volume (i.e. retarding basins etc), and green roofs.
The modified method is more accurate in determining volume changes than changes to peak runoff rate.
The modified method has been developed for an area with less than 5% slopes. It's applicability to steeper terrain has not been ascertained.

Table 4: Groundwater Supply and Irrigation Demand
Powell Street BART Groundwater Recovery
y Station
Supply
Dry Weather, low
Dry Weather, high
Wet Weather
Minim Available Diversion

90
118
1
47.5

gallons per minute
gallons per minute
million gallons/day
million gallons/year

Reference
Hayden Kam
Hayden Kam
Hayden Kam
Calculated (assumes low dry weather diversion for each day)

Demand
Channel Basin
Urban Forest
Yerba Buena
Gardens
Total

Units
5,000
trees
60,000
sq ft

Unit Demand
25
gals/tree/week
0.09
gal/sq ft/day

Demand/week*
125,000
gals/tree/week
28,400
gal/sq ft/week

Demand/year
6.50
MG
1.48
MG
7.98
MG

*Assumes a 5 day week
Tree numbers and watering demand provided by DPW
Yerba Garden square footage approximated from aerial photographs
Yerba Buena Irrigation Demand
ET0
ks
kd
in/month
Ave 0.7 Ave
1
Turf Grass 4.9
Mixed
4.9
Ave 0.5 Ave
1

kmc
Ave
Ave

1
1

KL

IE

0.7
0.5

Sprinklers 0.625
Sprinklers 0.625

ETL
in/day
0.11
0.08

TWA
gal/sq ft/day
0.11
0.08
0.09

Symbol
ET0

Term
Evapotranspiration

ks

Species Factor

LEED New Construction Reference Guide, Credit WE1

kd

Density Factor

LEED New Construction Reference Guide, Credit WE1

kmc

Microclimate Factor

LEED New Construction Reference Guide, Credit WE1

KL
IE
ETL
TWA

Landscape Factor
Irrigation Efficiency, sprinklers
Project Specific ET
Total Water Applied

Calculated
LEED New Construction Reference Guide, Credit WE1
Calculated
Calculated

Equation Formula
KL = ks*kd*kmc
Eqn 1
ETL = ET0*KL
Eqn 2
Eqn 3

TWA = ET L/IE*0.6233 gal/sq ft/in

Reference
Table 2-3, July in San Francisco

Reference
LEED New Construction Reference Guide
Guide, Credit WE1
LEED New Construction Reference Guide, Credit WE1
LEED New Construction Reference Guide, Credit WE1

average

Modified Rational Method Tool to Calculate Stormwater LID Implementation Benefits
17th and Folsom Redevelopment
Calculations of Existing Conditions and Redevelopment Conditions Before LID Implemented

Rainfall Data
Model Simulation Total Rainfall
5 minute Design Rainfall Intensity

1.08 Recommend 0.627 inches for 2 ye
2.97 Recommend 2.239 in/hr for 2 year

Baseline Runoff Coefficients
CHOOSE A SLOPE
Slope of Catchment 0-5%
Slope of Catchment 5 to 10%
Slope of Catchment 10 to 20%
Slope of Catchment >20%

1
1.05
1.1
1.15

Flat
Slight slope
Moderate slope
Steep slope

1 Choose a factor from the 4 options

Slope Correction Factor
C pervious area
C impervious area

0.25 Recommend 0.25
0.85 Recommend 0.8

0.25
0.85

Baseline Conditions: Or, how the site is before proposed improvements.
Total Area
1.4 acres
Area impervious
1.4 acres
Area pervious
0 acres
Modified Conditions: Or, how the site will be after proposed improvements.
Area of pervious replacing impervious areas
0.42011019 acres

Area of permeable pavement replacing impervious area
Area of permeable pavement replacing pervious area
Permeable pavement runoff C
Is permeable pavement underdrained and returned to sewer?

Temporary Storage volume
Green roof area replacing impervious area
Green roof area depression storage
Green roof runoff coefficient

Y

0 acres
0 acres
0.05 Recommend 0.05
Y or leave blank

0.05

0 cubic feet. Refers to inline storage
0 acres
0.5 inches. Recommend 0.5 inches
0.25 Recommend 0.25

Calculations/Results
Baseline runoff volume
Baseline runoff peak flow rate

4665.3 cubic feet
3.56 cfs

Improved runoff volume
Improved runoff peak flow rate

3677.08 cubic feet
2.81 cfs

Modified Rational Method Tool to Calculate Stormwater LID Implementation Benefits
17th and Folsom Redevelopment
Calculation of 5-yr Runoff Volume After LID Implemented

Rainfall Data
Model Simulation Total Rainfall
5 minute Design Rainfall Intensity

1.08 Recommend 0.627 inches for 2 ye
2.97 Recommend 2.239 in/hr for 2 year

Baseline Runoff Coefficients
CHOOSE A SLOPE
Slope of Catchment 0-5%
Slope of Catchment 5 to 10%
Slope of Catchment 10 to 20%
Slope of Catchment >20%

1
1.05
1.1
1.15

Flat
Slight slope
Moderate slope
Steep slope

1 Choose a factor from the 4 options

Slope Correction Factor
C pervious area
C impervious area

0.25 Recommend 0.25
0.85 Recommend 0.8

0.25
0.85

Baseline Conditions: Or, how the site is before proposed improvements.
Total Area
0.84214876 acres
Area impervious
0.84214876 acres
Area pervious
0 acres
Modified Conditions: Or, how the site will be after proposed improvements.
Area of pervious replacing impervious areas
0.42011019 acres

Area of permeable pavement replacing impervious area
Area of permeable pavement replacing pervious area
Permeable pavement runoff C
Is permeable pavement underdrained and returned to sewer?

Y

0.16 acres
0 acres
0.05 Recommend 0.05
Y or leave blank

0.05

Temporary Storage volume

1155 cubic feet. Refers to inline storage

Green roof area replacing impervious area
Green roof area depression storage
Green roof runoff coefficient

0 acres
0.5 inches. Recommend 0.5 inches
0.25 Recommend 0.25

Calculations/Results
Baseline runoff volume
Baseline runoff peak flow rate

2806.3 cubic feet
2.14 cubic feet/second

Improved runoff volume
Improved runoff peak flow rate

1441.77 cubic feet
0.88 cubic feet/second

17th and Folsom Redevelopment
Bioretention Sizing to Capture 5-yr Storm

March 2009
Subwatershed Areas

Parameter

C

D

E

Notes

0.48

0.20

0.83

Area Draining to Filter (ft )

4,000

16,300

9,300

Water Quality Event Depth (in)

1.08

1.08

1.08

5-yr, 3-hr storm depth

WQV (ft3)

171

293

691

WQV = C*d*A

Hydraulic Conductivity of Media, k (in/hr)

4

4

4

See Note 1

Factor of Safety

2

2

2

Factor of Safety based on uncertainty
in hydraulic conductivity.

Depth of Media (ft)

2.5

2.5

2.5

Ponding Depth Above Filter (ft)

0.50

0.50

0.50

Time to Fill (hrs)

1.00

1.00

1.00

Depth of Water Stored in Filter (ft)

0.20

0.20

0.20

Area of Filter Bed (ft2)

244

419

986

3.5

3.5

3.5

Drain time without flow control.
Should be less than 72 hours.
To achieve desired drain time, use a
valve or orifice to restrict the
discharge rate

Site Parameters
Runoff Coefficient
2

Sizing

Assumes 1' high berm with design
ponding depth of 6" above the top of
the filter.
Assumes it takes 1 hour for 5-yr event
to fill storage area
Infiltration of water into filter during
filling
Surface area needed to store 5-yr, 3hr storm.

Check Drain Time
Drain Time (hrs)

Desired Drain Time (hrs)

24.0

24.0

24.0

Discharge Rate for Desired Drain Time (cfs)

0.002

0.003

0.008

2.6%

10.6%

Check Filter Size as Percent of Drainage Area
Area of Filter as Percent of Drainage Area

6.1%

Notes:
1) Hydraulic conductivity values are based on the permeabilities of bioretention soil, with a desired minor maintenance
frequency of 2 years. The soil should have a sandy loam or loamy sand texture per USDA classifications, with organic
material 3 to 8% w/w and less than 5% clay and silt.

17th and Folsom Redevelopment
Permeable Pavement Sizing to Capture 5-yr Storm

March 2009

Permeable
Pavement Sizing

Notes

Drainage Area (acres)

0.16

Access road and parking

Composite Runoff Coefficient, C

0.85

Peak Flow to BMP, cfs

0.027

i5yr = 2.97 in/hr

Volume of Runoff, ft3

536

d5yr=1.08 in

0

Liner and underdrain should be used.

Parameter
Water Quality Calculation

Sizing of Permeable Pavement
Infiltration Rate of In Situ Soils, f (in/hr)
Factor of Safety

2.0

Depth of Aggregate (ft)

1.5

3" choker course followed by 15" reservoir
course

Void Ratio in Aggregate

0.35

Average void ratio

Time to Fill (hrs)

2.00

Assume 1 to 2 hours

Depth of Water Infiltrated (ft)

0.00

Lined system

Area of Permeable Pavement Req'd (ft 2)

1,020

Area needed to storage rain event

Width (ft)

12.0

Width of access road

Total Length Needed (ft)

85.0

Length needed to store rain event
Length needed to achieve permeable
pavement area at least 25% of drainage
area.

Length Recommended (ft)
Desired Drain Time (hrs)
Discharge Rate for Desired Drain
Time (cfs)

145.8
24
0.006

To achieve desired drain time, use a valve
or orifice to restrict the discharge rate

Check BMP Size as Percent of Drainage Area
BMP Area as % of Drainage Area

25%

Permeable Pavement is generally at least 25
to 50% of drainage area to minimize need
for maintenance

17th and Folsom Redevelopment
Irrigation Demand and Cistern Sizing Calculations

Mar-09
=Inputs

1. Calculate Irrigation Demand
Irrigated Area

0.37 acres
16,300 square feet

= Important calculation cells
= Default assumptions

Crop Coefficient
Irrigation Efficiency
Leaching Rate Factor
Month

January
February
March
April
May
June
July
August
September
October
November
December
Totals

0.8
95%
1
Reference
ET
Et0
0.93
1.4
2.48
3.3
4.03
4.5
4.65
4.03
3.3
2.48
1.2
0.62
32.92

Actual
ET
ETL
0.744
1.12
1.984
2.64
3.224
3.6
3.72
3.224
2.64
1.984
0.96
0.496
26.34

2. Calculate Indoor Non-Potable Demand
No. of Residential Units

65

Persons per Unit

2.3

No. of Additional FTEs
Frequency of toilet flushing
Flushing-volumes
Washing machine use
Volume of water
Daily Reuse Demand
Monthly Reuse Demand

0
5.0 flush/person/day
0.8 gal/flush
0.3 cycles/person/day
20.0 gal/cycle
1495.0 gal/day
45,473 gal/month
0.55 MG/yr

Ave. Monthly
Rainfall
in/month
4.56
3.85
2.91
1.41
0.63
0.22
0.05
0.11
0.37
1.03
2.68
4.08
21.91

Irrigation Demand
(in/unit area)
0.0000
0.0000
0.0000
1.2926
2.7324
3.5576
3.8635
3.2804
2.3891
0.9993
0.0000
0.0000
18.1

ft3/month
0
0
0
1,756
3,711
4,832
5,248
4,456
3,245
1,357
0
0
24,606

Gal per month

13,133
27,762
36,146
39,254
33,330
24,275
10,153

184,053

days/mo
31
28
31
30
31
30
31
31
30
31
30
31
365

% of
annual

gpd

7%
15%
20%
21%
18%
13%
6%

438
896
1,205
1,266
1,075
809
328

3. Calculate Cistern Size
Ave. Runoff Coefficient
Drainage Area (acres)

0.85
0.6

Assume starting cistern size, adjust until desired percent capture met
Non-Potable Indoor Demand
Cistern Size
Runoff
Met by Rainwater Harvesting
(gal)
Captured
49.8%
14,000
96.3%
Assumes cistern is empty at the beginning of September
Runoff to Cistern
Month
ft3/month
gal/month
September
637
4,768
October
1,781
13,321
November
4,621
34,569
December
7,028
52,571
January
7,852
58,730
February
6,618
49,504
March
5,004
37,433
April
2,431
18,180
May
1,081
8,089
June
379
2,836
July
86
640
August
185
1,385
Totals
37,704
282,027

Set cistern depth to calculate cistern surface area
Cistern Depth
Cistern Surface Area
acres
(ft)
sf
5

Non-Potable Demand (gal/mo)
Irrigation
Indoor
Total
24,275
45,473
69,747
10,153
45,473
55,626
0
45,473
45,473
0
45,473
45,473
0
45,473
45,473
0
45,473
45,473
0
45,473
45,473
13,133
45,473
58,606
27,762
45,473
73,235
36,146
45,473
81,619
39,254
45,473
84,727
33,330
45,473
78,803
184,053
545,675
729,728

374

0.01

Ending Cistern Water Captured Water Reused Overflow
Volume (gal)
(gal/month)
(gal/month) (gal/month)
0
4,768
4,768
0
0
13,321
13,321
0
0
34,569
34,569
0
7,098
52,571
45,473
0
14,000
52,374
45,473
6,356
14,000
45,473
45,473
4,031
5,960
37,433
45,473
0
0
18,180
24,140
0
0
8,089
8,089
0
0
2,836
2,836
0
0
640
640
0
0
1,385
1,385
0
271,640
271,640
10,387

San Francisco Public Utilities Commission
Integrated Watershed Management Program
Stormwater Management Plan
Drainage Basin Engineering Analysis
Low Impact Design Final Report
Channel Drainage Basin

Appendix D: Opinion of Probable Construction Costs
(OPCC)

Table 1: Mission Creek Bikeway Bioretention Systems

Opinion of Probable Construction Costs (OPCC)

Construct Bio-retention System
Excavate, Grade and Dispose Materials
Sand Bedding
Filter Fabric
Gravel
Plant Soils
Backfill Materials /Berm
Install Paving incl Curbs & Gutter
Install Turf Grass
Planting
Trees
Shrubs
Ground Cover
Allowance for Demolition, Tie -ins
Irrigation and Drainage
Traffic Control, SWPPP, Fees
Mark-Up (Indirects, Taxes, Bonds etc)

Qty
Unit Price $
1 EA
240 CY $
50.00
60 CY
46.80
1250 SF
0.25
50 CY
28.80
180 CY
25.00
90 CY
20.00
250 SF
18.00
500 SF
2.00
10 EA
20 EA
1250 SF
1 LS
1 LS
1 LS

Price $
$

1,000.00
20.00
2.00
94,000.00
25,000.00
10,000.00
30%

12,000 25' w x 50' L x5' deep
2,808
313
1,440
4,500
1,800 4' h
4,500 5' wide
1,000
10,000
400
2,500
94,000 18780 SF Average for 5 parks
25,000
10,000
51,100

Total Cost Per Park
Number of Parks

$

Total Estd Construction Costs Before Contingency

$

Contingency
OPCC

Comments

221,361
5 EA
1,106,803
35%

Rounded

Price Range Per AACE Class 5 Cost Estimate Guidelines
Low
High

$

1,495,000

-30% $
65%

1,046,500
2,466,750

Operation and Maintenance
Assumed annual O&M of capital cost
Interest rate
Number of years

0.30%
6.000%
25

Annual O&M

$

PV of O&M (rounded up)
PV Total

$

1mhr/day x 6months x 4days/mo
$100/mh +
matl cost
4,400 x
56,000
1,551,000

AACE International CLASS 5 Cost Estimate - Class 5 estimates are generally prepared based on very limited information, and subsequently
have wide accuracy ranges. As such, some companies and organizations have elected to determine that due to the inherent inaccuracies, such
estimates cannot be classified in a conventional and systemic manner. Class 5 estimates, due to the requirements of end use, may be prepared
within a very limited amount of time and with little effort expended— sometimes requiring less than an hour to prepare. Often, little more than
proposed plant type, location, and capacity are known at the time of estimate preparation. (AACE International Recommended Practices and
Standards).

MWH OPCC Disclaimer - The client acknowledges that MWH has no control over costs of labor, materials, competitive bidding environments
and procedures, unidentified field conditions, financial and/or market conditions, or any other factors likely to affect the OPCC of this project, all
of which are and will unavoidably remain in a state of change, especially in light of the high volatility if the market attributable to Act of Gods and
other market event beyond the control of the parties. Client further acknowledges that this OPCC is a "snapshot in time" and that the reliability of
this OPCC will degrade over time. Client agrees that MWH cannot and does not make any warranty, promise, guarantee or representation,
either express or implied. that proposals, bids, project construction costs, or cost of O&M functions will not vary significantly from MWH's good
faith Class 5 OPCC. This OPCC document contains confidential information and is intended only for the use of parties to whom it is addressed.
It should not be modified, altered and published without the express written permission from an MWH Cost Engineering Dept Representative.
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Table 2: Alley Improvement - SOMA Moss Street

Opinion of Probable Construction Costs (OPCC)
Qty
Construct Bio-retention Cell
Excavate, Grade and Dispose Materials
Sand
Peastone
Plant Soils
Mulch
Filter Fabric
Retaining Wall
Sediment Forebay
Install Sidewalk, incl Curbs & Gutter
Install Rip rap
Install Metal Plates
Planting
Trees
Ground Cover
Install Decorative Fence
Allowance for Demolition, Tie -ins
Irrigation and Drainage
Traffic Control, SWPPP, Fees
Mark-Up (Indirects, Taxes, Bonds etc)

Unit Price $

80 CY $
50.00
20 CY
28.80
20 CY
40.00
40 CY
25.00
10 CY
45.00
1200 SF
0.25
800 SF
22.00
1 LS
2,000.00
400 SF
18.00
10 CY
100.00
700 LB
1.50
1 EA
280 SF
170 LF
1 LS
1 LS
1 LS

Price $
$

1,000.00
2.00
100.00
3,000.00
10,000.00
10,000.00
30%

Comments

4,000
576
800
1,000
450
300
17,600
2,000
7,200
1,000
1,050

10" CMU
5' wide

1,000
560 3.5' wide
17,000
3,000
10,000
10,000
23,300

Total Cost Per Cell
Number of Cells

$

100,836
4 EA

Total Estd Construction Costs Before Contingency

$

403,344

Contingency
OPCC

5' w x 80' L x 5' deep
1' deep
1' deep
3' deep
3" thk

35%
Rounded

Price Range Per AACE Class 5 Cost Estimate Guidelines
Low
High

$

545,000

-30% $
65%

381,500
899,250

Operation and Maintenance
Assumed annual O&M of capital cost
Interest rate
Number of years

0.90%
6.000%
25

Annual O&M

$

PV of O&M (rounded up)
PV Total

$

1mhr/day x 6months x 4days/mo
$100/mh
+
matl
cost
4,400 x
56,000
601,000

AACE International CLASS 5 Cost Estimate - Class 5 estimates are generally prepared based on very limited information, and subsequently have
wide accuracy ranges. As such, some companies and organizations have elected to determine that due to the inherent inaccuracies, such
estimates cannot be classified in a conventional and systemic manner. Class 5 estimates, due to the requirements of end use, may be prepared
within a very limited amount of time and with little effort expended— sometimes requiring less than an hour to prepare. Often, little more than
proposed plant type, location, and capacity are known at the time of estimate preparation. (AACE International Recommended Practices and
Standards).

MWH OPCC Disclaimer - The client acknowledges that MWH has no control over costs of labor, materials, competitive bidding environments
and procedures, unidentified field conditions, financial and/or market conditions, or any other factors likely to affect the OPCC of this project, all of
which are and will unavoidably remain in a state of change, especially in light of the high volatility if the market attributable to Act of Gods and
other market event beyond the control of the parties. Client further acknowledges that this OPCC is a "snapshot in time" and that the reliability of
this OPCC will degrade over time. Client agrees that MWH cannot and does not make any warranty, promise, guarantee or representation, either
express or implied. that proposals, bids, project construction costs, or cost of O&M functions will not vary significantly from MWH's good faith
Class 5 OPCC. This OPCC document contains confidential information and is intended only for the use of parties to whom it is addressed. It
should not be modified, altered and published without the express written permission from an MWH Cost Engineering Dept Representative.
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Table 3: Hayes Valley Vegetated Roof Project

Opinion of Probable Construction Costs (OPCC)
Total Vegetated Roof Area
North of Hickory St
South of Hickory St
Total
Total Roof Area
Vegetated Roof

30,000
40,000
70,000
59,500
50,500

85%
85%

A. Extensive Vegetated Roof System
Biodegradable Wind Blanket - Jute Mesh
Plants
Soil
Filter Fabric
Drain Layer
Root Barrier
Waterproffing Membrane
Installation
Total Rate of

$

$

Cisterns

$

Total Direct Cost
Mark-Up (Indirects, Taxes, Bonds etc)
Total Estd Construction Costs Before Contingency

OPCC

Comments
0.20 per sf
1.00
0.40
5 " thick
0.25
1.10
12 " thick
0.85
1.00
5.00
9.80 per sf
50,000.00 per

$

744,900

30% $

223,500

$

968,400

Contingency

sf
sf
sf
sf
sf

assume 5 cisterns

35%
Rounded

Price Range Per AACE Class 5 Cost Estimate Guidelines
Low
High

$

1,308,000

-30% $
65%

915,600
2,158,200

Operation and Maintenance
Assumed annual O&M of capital cost
Interest rate
Number of years

0.30%
6.00%
2

Annual O&M

$

4,000

PV of O&M (rounded up)
PV Total

$
$

8,000
1,316,000

AACE International CLASS 5 Cost Estimate - Class 5 estimates are generally prepared based on very limited information, and
subsequently have wide accuracy ranges. As such, some companies and organizations have elected to determine that due to the
inherent inaccuracies, such estimates cannot be classified in a conventional and systemic manner. Class 5 estimates, due to the
requirements of end use, may be prepared within a very limited amount of time and with little effort expended— sometimes requiring
less than an hour to prepare. Often, little more than proposed plant type, location, and capacity are known at the time of estimate
preparation.
(AACE
International
Recommended
Practices
and
Standards).

MWH OPCC Disclaimer - The client acknowledges that MWH has no control over costs of labor, materials, competitive bidding
environments and procedures, unidentified field conditions, financial and/or market conditions, or any other factors likely to affect the
OPCC of this project, all of which are and will unavoidably remain in a state of change, especially in light of the high volatility if the
market attributable to Act of Gods and other market event beyond the control of the parties. Client further acknowledges that this
OPCC is a "snapshot in time" and that the reliability of this OPCC will degrade over time. Client agrees that MWH cannot and does
not make any warranty, promise, guarantee or representation, either express or implied. that proposals, bids, project construction
costs, or cost of O&M functions will not vary significantly from MWH's good faith Class 5 OPCC. This OPCC document contains
confidential information and is intended only for the use of parties to whom it is addressed. It should not be modified, altered and
published without the express written permission from an MWH Cost Engineering Dept Representative.
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Table 3: Hayes Valley Vegetated Roof Project

Opinion of Probable Construction Costs (OPCC)
Total Vegetated Roof Area
North of Hickory St
South of Hickory St
Total
Total Roof Area
Vegetated Roof

30,000
40,000
70,000
59,500
50,500

85%
85%

B. Intensive Vegetated Roof System
Biodegradable Wind Blanket - Jute Mesh
Plants
Soil
Filter Fabric
Drain Layer
Root Barrier
Waterproffing Membrane
Irrigation System
Decking & Walkways
Fence
Installation
Total Rate of

$

Cisterns

$

Total Direct Cost
Mark-Up (Indirects, Taxes, Bonds etc)
Total Estd Construction Costs Before Contingency

OPCC

Comments
0.20 per sf
6.00
1.90
24 " thick
0.25
1.10
12 " thick
1.00
1.00
3.00
0.60
1.20
16.00
32.25 per sf
50,000.00 per

$

1,878,630

30% $

563,600

$

2,442,230

Contingency

sf
sf
sf
sf
sf

assume 5 cisterns

35%
Rounded

AACE Class 5
Low
High

$

3,298,000

-30% $
65% $

2,308,600
5,441,700

Operation and Maintenance
Assumed annual O&M of capital cost
Interest rate
Number of years

0.30%
6.00%
25

Annual O&M

$

9,900

PV of O&M (rounded up)
PV Total

$
$

127,000
3,425,000

AACE International CLASS 5 Cost Estimate - Class 5 estimates are generally prepared based on very limited information, and
subsequently have wide accuracy ranges. As such, some companies and organizations have elected to determine that due to the
inherent inaccuracies, such estimates cannot be classified in a conventional and systemic manner. Class 5 estimates, due to the
requirements of end use, may be prepared within a very limited amount of time and with little effort expended— sometimes requiring
less than an hour to prepare. Often, little more than proposed plant type, location, and capacity are known at the time of estimate
preparation.
(AACE
International
Recommended
Practices
and
Standards).
MWH OPCC Disclaimer - The client acknowledges that MWH has no control over costs of labor, materials, competitive bidding
environments and procedures, unidentified field conditions, financial and/or market conditions, or any other factors likely to affect the
OPCC of this project, all of which are and will unavoidably remain in a state of change, especially in light of the high volatility if the
market attributable to Act of Gods and other market event beyond the control of the parties. Client further acknowledges that this
OPCC is a "snapshot in time" and that the reliability of this OPCC will degrade over time. Client agrees that MWH cannot and does
not make any warranty, promise, guarantee or representation, either express or implied. that proposals, bids, project construction
costs, or cost of O&M functions will not vary significantly from MWH's good faith Class 5 OPCC. This OPCC document contains
confidential information and is intended only for the use of parties to whom it is addressed. It should not be modified, altered and
published without the express written permission from an MWH Cost Engineering Dept Representative.
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Table 4: Powell Street BART Groundwater Recovery Station

Opinion of Probable Construction Costs (OPCC)

UG Storage Tank / Cistern 10,000gal capacity
Pump/s
Earthworks, Pits for Trenchless Piping
Piping - MT
Valves
Fill Station
Demolition, Fence, Repair Works & Landscaping
Traffic Control, SWPPP, Fees
Mark-Up (Indirects, Taxes, Bonds etc)
Total Estd Construction Costs Before Contingency

Qty
1 LS $
2 EA
1 LS
300 FT
1 LS
1 LS
1 LS
1 LS
30%

Price $
300,000
40,000
260,000
234,000
10,000
40,000
50,000
100,000
310,200

$

1,344,200

Contingency
OPCC

Comments
600 gpm
2 x 15' x 15' x 80' deep Pit
24" casing + 12" carrier pipe
20' x 20'

35%
Rounded

$

1,815,000

Price Range Per AACE Class 5 Cost Estimate Guidelines
Low
-30% $
High
65%

1,270,500
2,994,750

Operation and Maintenance
Assumed annual O&M of capital cost
Interest rate
Number of years

1.60%
6.00%
25

Annual O&M

$

5mhr/wk x 52wks x $100/mh
matl
cost
28,000.00 +

PV of O&M (rounded up)
PV Total

$
$

358,000
2,173,000

AACE International CLASS 5 Cost Estimate - Class 5 estimates are generally prepared based on very limited information, and
subsequently have wide accuracy ranges. As such, some companies and organizations have elected to determine that due to
the inherent inaccuracies, such estimates cannot be classified in a conventional and systemic manner. Class 5 estimates, due
to the requirements of end use, may be prepared within a very limited amount of time and with little effort expended—
sometimes requiring less than an hour to prepare. Often, little more than proposed plant type, location, and capacity are known
at the
time
of estimate
preparation.
(AACE International
Recommended
Practices
and Standards).

MWH OPCC Disclaimer - The client acknowledges that MWH has no control over costs of labor, materials, competitive bidding
environments and procedures, unidentified field conditions, financial and/or market conditions, or any other factors likely to
affect the OPCC of this project, all of which are and will unavoidably remain in a state of change, especially in light of the high
volatility if the market attributable to Act of Gods and other market event beyond the control of the parties. Client further
acknowledges that this OPCC is a "snapshot in time" and that the reliability of this OPCC will degrade over time. Client agrees
that MWH cannot and does not make any warranty, promise, guarantee or representation, either express or implied. that
proposals, bids, project construction costs, or cost of O&M functions will not vary significantly from MWH's good faith Class 5
OPCC. This OPCC document contains confidential information and is intended only for the use of parties to whom it is
addressed. It should not be modified, altered and published without the express written permission from an MWH Cost
Engineering
Dept
Representative.
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17th and Folsom Redevelopment
Stormwater Cost Estimate
Unit Costs(1)
Item
Unit
Quantity
Annual
Construction
O&M
17th and Folsom Stormwater Costs

Total Costs
Annual
Construction
O&M

6" HDPE Pipe

LF

275

$65

$0.00

$17,875

$0

6" Gate Valves

Ea

3

$3,000

300

$9,000

$900

Cistern
Cistern Pump

gal
Ea

14,000
1

$2.5
$3,000

$0.20
$600

$35,000
$3,000

$2,800
$600

SF

1,750

$15

$0.80

$26,250

$1,400

SF

1,650

$25

$1.25

$41,250

$2,063

SF

6,000

$3

$0.00

$18,000

$0

$150,000
$22,500
$37,500
$210,000
$73,500
$280,000

$8,000

Permeable
Pavement
Bioretention
Impermeable
Liners

Estimated Raw Construction Cost
Mob/Demob, Permitting, Etc. (15%)
Construction Contigency (25%)
Estimated Total Construction Costs
Engineering and Implementation Costs (35%)
Estimated Total Project Costs

Notes:
(1) Costs based on SFPUC LID Charrette units costs and recent projects completed by SWD.

San Francisco Public Utilities Commission
Integrated Watershed Management Program
Stormwater Management Plan
Drainage Basin Engineering Analysis
Low Impact Design Final Report
Channel Drainage Basin

Appendix E: Tables

Table 1: Partnering Opportunities in the Channel Basin

Project

Project Description

Eastern
Neighborhoods
Community Plan

The Eastern Neighborhoods Community Plan calls for transitioning
approximately half of the existing industrial areas in the Mission, Showplace
Square/Potrero Hill, East SOMA, and Central Waterfront neighborhoods into
mixed-use zones that encourage new housing. The Eastern Neighborhoods
Community Plan will guide future development in this section of San Francisco
based on the input of community members.

Japantown Better
Neighborhood Plan

The City of San Francisco is in the initial stages of drafting a neighborhood plan
for the Japantown Neighborhood. The plan will represent the community’s vision
for future development in this historic and diverse neighborhood, with a focus on
how physical improvements, historic and cultural preservation and new
development can contribute to the vision.

Market and Octavia
Neighborhood Plan

The Market and Octavia Neighborhood Plan proposes pedestrian improvements
such as bulb-outs, new residential development areas, and the transformations of
neighborhood alleys into usable open space. Additionally, the Plan proposes
mixed-use housing, including some affordable housing, on the lots in the former
Central Freeway corridor, and the development of new high density and limited
high-rise housing in the area called SOMA West with supporting commercial and
retail amenities.

Great Streets Capital
Streetscape
Improvement
Projects

The San Francisco Department of Public Works (DPW) is currently working to
improve the streets and streetscapes in various locations throughout the city
through the Great Street Program. Four major projects in the Channel Basin
include Divisadero Street, Valencia Street, Van Ness Avenue and Polk Street.

Mission Bay North
and South Project

The Mission Bay North and South project encompasses over 300 acres of San
Francisco’s bay front.
Mix-use including:
• About 1.5 million gross square feet of retail space;
• 43 acre University of California site containing 2.65 million gross
square feet of instruction, research and support space;
• Site for a public school;
• Approximately 5.6 million gross square feet of research and
development, light manufacturing and office space adjacent to UCSF on
the west, south and east;
• 500 room hotel between Third and Fourth streets;
• Approximately 47 acres of open space and parks (including eight acres
within the UCSF campus); and

South-of-Market
(SOMA)
Alleyway
Improvements
Project

• About 6,000 residential units.
Through discussions with the South of Market Project Area Committee
(SOMPAC), SFPUC staff, and DPW, an initial set of alleyways have been
identified for improvement. These improvements will meet the following goals:
• Encourage a balanced mix of all forms of transportation, including
walking; and
•

Assist in the creation of a visually prominent, safe, and clean pedestrian
circulation network in the project area.

Project

Project Description

Transbay
Terminal
Improvement
Plan

The Transbay Terminal redevelopment program will include construction of a
new Transbay Terminal and Transit Village, which will include:
• 40-acre development that will include 3,400 new housing units;
• New hotel and retail development; and
• New downtown open space.
One of the goals of the plan is to enhance the safety and level of comfort for
pedestrians. Specific landscaping, materials, furnishings, and sustainable
strategies will support the design character for each street.
The Redevelopment Plan for Mid-Market Street mainly includes the blocks
between Market and Mission Streets from 5th to 10th Streets with some adjacent
blocks. The Redevelopment Plan’s goals are:
• Maintain the diversity and economic equity of this area by replacing all
of the existing affordable housing within the plan area;
• Expand the existing arts and cultural facilities;
• Improve the physical structure while respecting the historic resources of
the district though development controls, public open space development
and streetscape improvements;
• Develop community services to aid the youth, economically
disadvantaged and homeless;
• Develop a vital commercial core that supports the needs of the residents
and workers in the area; and

Mid-Market
Redevelopment
Project

•

Justice Facilities
Improvement
Program

San Francisco
General Hospital
Rebuild Program

Strengthen public transit, biking, and pedestrian roots to and through the
area.
This facility replaces the Hall of Justice, located at 7th, Bryant, Harriet, and
Harrison Streets. The Hall of Justice houses the Superior Court, Police
Headquarters, the Police Investigative Unit, the Police Forensics Services
Division, the Office of the Chief Medical Examiner, County Jails One and Two,
Adult Probation, and the District Attorney's Office. The preliminary budget is
$1.2 billion and is scheduled to begin construction in 2012.
The San Francisco General Hospital project is scheduled to start in the summer of
2009 for an open date in the winter of 2015. The new construction would be a
prime opportunity to implement LID features, while helping to achieve credits for
the LEED certification. The San Francisco General Hospital Rebuild Program
will replace the existing, non-compliant general acute care hospital with a
compliant facility. The proposed bond amount of $887.4 million will build:
• New hospital with approximately 40,000 square feet per floor and will
provide 284 general acute care beds;
• New pedestrian bridge connecting the new facility with the existing
hospital at the second floor level; and
• New tunnel connection will connect the basements of the new and old
facilities.

Project

Project Description

SOMA Plan

The South of Market Area Plan guides future development in the area south of
Market Street and east of the Central Freeway that is not a part of other planning
areas. The objectives of the plan are to:
• Create new housing including affordable housing;
• Expand transit and decrease the use of cars in the neighborhood;
• Impose development limits that preserve views and access to sun as well
as the existing character of the area;
• Preserve historical resources;
• Encourage neighborhood commercial and community services;
• Expand park spaces – including the development of a large park in the
area to accommodate the needs of current and future residents; and
• Improve the appearance, function, and safety of pedestrian corridors.
The Mission Greenbelt is a proposed urban earth artwork project that aims to
inspire and enable San Franciscans to build a corridor of native plant gardens in
place of cement sidewalks along a selected route in the Mission District. The
Greenbelt will be made up of native plantings in existing gardens, new sidewalk
gardens, potted planters and windowsill gardens. Each garden of appropriate size
will be marked with a small ceramic Mission Greenbelt marker with the year the
garden was completed.
The Urban Forest Plan is a long-range plan for the planting of new and
replacement street trees throughout San Francisco. The stated goals of the plan
are to:
• Maintain and conserve the existing urban forest;
• Expand the urban forest through new planting;
• Foster a shared set of values about the urban forest through education
and action;
• Manage the urban forest in a coordinated, responsible and effective
manner; and
• Identify sustainable approaches for the funding and implementation of
urban forest initiatives.

Mission
Greenbelt

Urban Forest
Plan

San Francisco Public Utilities Commission
Integrated Watershed Management Program
Stormwater Management Plan
Drainage Basin Engineering Analysis
Low Impact Design Final Report
Channel Drainage Basin

Appendix F: General Description of Applicable LID
Technologies

Appendix F: LID General Descriptions
Vegetated Roof: A vegetated roof is a lightweight roof system of waterproofing material
with a thin soil/vegetation protective cover. The vegetated roof can be used in place of a
traditional roof as a way to limit impervious site area. The vegetated roof captures and,
depending on the season, evapotranspirates 10 to 100 percent of the precipitation.
Vegetated roofs attempt to mimic pre-developed ground cover hydrology, reducing postdeveloped peak runoff rates to near pre-developed rates. Ecoroofs help mitigate runoff
temperatures by keeping roofs cool and retaining most of the runoff in warm seasons. An
underdrain system and overflow to an approved conveyance and destination/disposal
method will be required.
Permeable Pavement – Permeable pavement is pavement that allows percolation of
stormwater into the ground. The pavement may be used for walkways, patios, plazas,
driveways, parking lots, and some portions of streets. The infiltration rate of the native
soil is a key element in determining the depth of base rock for the storage of stormwater,
or for determining whether an underdrain system is required.
Downspout Disconnection – Downspout disconnection is the removal of the piping
connection from the roof drain to the sewer system. Roof drains may be directed to
natural drainage channels such as creeks and streams, or to collection mechanisms such
as rain barrels or cisterns.
Vegetated Filter Strips, or Vegetated Filters – Vegetated filters are gently sloping
areas used to slow, filter, and infiltrate stormwater flows. Stormwater enters the filter as
sheet flow from an impervious surface or is converted to sheet flow using a flow
spreader.
Street Swales – Street swales are long narrow landscaped depressions used to collect and
convey stormwater runoff, allowing pollutants to settle and filter out as the water
infiltrates into the ground or flows from one bay to the next through the facility. In
addition to providing pollution reduction, flow rates and volumes can also be managed
with street swales.
Bioretention Areas – Bioretention areas are structural landscaped reservoirs used to
collect and filter stormwater runoff, allowing pollutants to settle and filter out as the
water percolates through the planter soil. In addition to providing pollution reduction,
flow rates and volumes can also be managed. ‘Infiltration’ planters allow water to seep
into the existing ground. Flow-through planters are watertight and contain a perforated
pipe to collect and convey the remaining water that is not absorbed to the existing sewer.
They can be above ground or buried under sidewalk. Because they include a waterproof
lining, flow-through planters are extremely versatile and can be used next to foundation
walls, adjacent to property lines (if less than 30” in height), or on slopes. If the street is
narrow and planned to be repaved it can be graded to slope to one side removing the need

for planters at both sides. A variation of these systems is also known as rain gardens or
tree box filters.
Manufactured Treatment Technology – Manufactured treatment technologies
encapsulate various predesigned systems for sustainable stormwater treatment. Examples
include the Rehbein Environmental Passive Integrated Chamber (EPIC™) and Filterra®
by Americast. Shown in Figure 1, the Americast system consists of a prefabricated
concrete container containing a mulch layer, 1.5 to 3.5 feet of a unique soil filter media,
an under-drain system and an appropriate type of plant. The Rehbein EPIC™ system
consists of three distinct elements that are combined to work together, the liner pan, the
EPIC chamber, and the sand fill that covers and surrounds the first two components. It
uses the properties of capillary attraction to provide a system of sub-surface irrigation and
drainage. Typically these systems may be relatively inexpensive and easy to install but
involve some form of synthetic material and as such are not deemed as sustainable a
solution. The Rehbein product for example relies on the plastic chamber to catch and
treat the water as opposed to the natural soil and vegetation approach. There are
limitations on the types and sizes of vegetation that can be employed.
Figure 1: Diagram of Filterra System by Americast

