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A. Project Description

Dunphy Park is located in the City of Sausalito along Bridgeway, bound by Napa Street to the
north and the extension of Litho Street to the south. The existing project site (see Figure 1)
consists of a large, grassy area located along Richardson’s Bay. Existing site features include a
sand volleyball court, two bocce ball courts, and a gazebo. A gravel parking lot is located on the
north end of the site. Large, mature trees are scattered around the central, grassy zone and lush
vegetation covers most of the shoreline towards the south side of the site. A compacted, raised
aggregate strip exists within the project site parallel to Bridgeway where a railroad easement is
located and railroad tracks were previously located. The soils at the existing site are
predominately Bay Mud, characterized by layers of sand and gravel, along with sandy and clayey
soils.

Figure 1: Existing Site Conditions

Under existing conditions, on-site drainage primarily sheet flows towards the bay with no inlet
structures within the project limits. The project site sits at the base of a large hillside and the
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off-site tributary area extends to the inland community. These flows are conveyed into a series
of parallel pipes and manholes which outlet to Richardson Bay via two storm drain pipes: 24-
inch and 30-inch. These pipes run across the site east to west from Bridgeway and discharge at
the bay. The outfalls are currently corroded and HDPE caps cover the pipes as a temporary
solution for public safety.

The proposed project improvements include a new restroom facility, two observation decks,
replacement of the volleyball and bocce ball courts, and parking lot resurfacing and
reconfiguration. The proposed project will also include new site walkways and improved
shoreline access. Overall, the proposed site will have very little impervious surface area,
therefore the drainage strategy primarily involves infiltration and sheet flow to the bay.
Proposed improvements include permeable paving along pathways and the parking lot, and
drainage inlets throughout the parking and recreational areas to collect local runoff which does
not infiltrate into porous hardscapes.

Proposed improvements will route on-site stormwater to a main double barrel culvert that will
outfall at the beach. A preliminary study was completed by Prunuske Chatham, Inc, that
recommended installation of a “sediment collection device” to control inland stormwater flows
from king tides and rising sea level. These were incorporated into the proposed improvement
plan. Additionally, new on-site drainage at the parking lot was accounted for in the new
stormwater design. It is assumed that all storms up to 100-year will infiltrate into the parking lot
with a pervious paving surface. The parking lot was graded with an average 0.5% slope towards
the landscape area drains to account for clogging and overland release.

With such little proposed impervious surface (383 square feet), this is categorized as a small
project, according to the Bay Area Stormwater Management Agencies Association (BASMAA).
Underdrains are provided in the proposed parking lot improvement and underdrains will be set
3” above subgrade per BASMAA recommendations. See Attachment 1 for the small site Project
Data Form.

B. Calculation Methodology

The Rational Method was used to determine design flows for the site. As the Rational Method
does not take into account time of concentration, this is a conservative calculation approach.
The design flow, Q, is given by the relationship

Q=CIA
where
Q = flow in cubic feet per second

C = runoff coefficient (dimensionless)
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| = rainfall intensity in inches per hour
A =areain acres

The following are the design parameters that were selected to be used for the Rational Method:

1. Runoff coefficient, C. The runoff coefficient was determined using a weighted average of
the runoff coefficients for the different land uses in each watershed per values provided by
the California State Water Resources Control Board, included as Attachment 2 of this report.
The coefficient of 0.3 was used for parks and a conservative coefficient of 0.9 was used for
pavement areas.

2. Rainfall intensity, I. The rainfall intensity was found using the NOAA Atlas 14 Precipitation
Frequency Estimates for the Tiberon Topham Station. Based on a storm duration of five
minutes, chosen to match the conservative time of concentration estimate of 5 minutes, the
rainfall intensity for the 10-year storm and 100-year storm are 3.49 inches/hour and 5.60
inches/hour, respectively. See Attachment 3 for the NOAA station information and the
precipitation intensity data for the station.

Manning’s Equation was used to determine the hydraulic capacity for proposed storm drain
pipes. The pipe capacity, Q, is given by the relationship

_ 1486

AR3/251/2

where

Q = flow in cubic feet per second

A = cross-sectional area of flow in square feet

R = hydraulic radius in feet

S = slope of pipe or channel (dimensionless)

n = Manning equation roughness coefficient (dimensionless)
=0.012 for HDPE (proposed storm drain pipes)

C. Proposed Storm Drain System Capacity Analysis

Hydrology and hydraulic calculations were performed to demonstrate that proposed drainage
facilities are designed to provide capacity necessary to carry off the 10-year storm and provide
overland release for the 100-year storm. The Rational Method was used to determine the runoff
entering each proposed inlet for the 10-year storm. Manning’s equation was used to determine
that the capacities of the proposed storm drain pipes exceed the design flow through the pipes.
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The hydraulic capacity of the drainage inlets and trench drains were provided by the
manufacturers.

Each proposed drainage inlet has a designated watershed area and most of the landscape area
is designed to sheet flow towards the bay. See Attachment 4 for a hydrology map of the site,
showing watershed boundaries, storm drain pipes and inlets, and node ID labels. The pipe
capacity at each note was compared to the 10-year design flow for the entire upstream area.
Inlets were sized by comparing the runoff information against capacity information from the
manufacturers, referenced in Attachment 5. The main dual-pipe trunkline running across the
site is sized to handle the 10-year off-site runoff along with the newly calculated on-site runoff.
See Attachment 6 for the Hydraflow Storm Sewer analysis completed on the dual-pipe trunkline
and hydraulic capacity calculations that demonstrate the proposed drainage facilities were
designed to provide capacity necessary to carry off the 10-year storm.

D. Attachments

Stormwater Control Plan — Project Data Form

California State Water Resources Control Board Runoff Coefficient Fact Sheet
NOAA Precipitation Data

Project Hydrology Map

Inlet Capacity Information

o wukwWwNPRE

Proposed Storm Drain System Hydraulic Capacity Calculations
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Attachment 1

Stormwater Control Plan — Project Data Form



Project Data Form and Runoff Reduction Measure Selection

Complete all fields.
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Attachment 2

California State Water Resources Control Board
Runoff Coefficient Fact Sheet
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Fact Sheet-5.1.3

Runoff Coefficient (C) Fact Sheet
\Whatisi? ... .|

What is It?

The runoff coefficient (C) is a dimensionless coefficient relating the amount of runoff to the
amount of precipitation received. It is a larger value for areas with low infiltration and high
runoff (pavement, steep gradient), and lower for permeable, well vegetated areas (forest, flat
land).

Why is It Important?

It is important for flood control channel construction and for possible flood zone hazard
delineation. A high runoff coefficient (C) value may indicate flash flooding areas during storms
as water moves fast overland on its way to a river channel or a valley floor.

How is It Measured?

It is measured by determining the soil type, gradient, permeability and land use. The values are
taken from the table below. The larger values correspond to higher runoff and lower infiltration.

Land Use C Land Use C
Lawns:

Sandy soil, flat, 2% 0.05-0.10
Business: Sandy soil, avg., 2-7% 0.10-0.15
Downtown areas 0.70-0.95 Sandy soil, steep, 7% 0.15-0.20
Neighborhood areas | 0.50 - 0.70 Heavy soil, flat, 2% 0.13-0.17
Heavy soil, avg., 2-7% 0.18-0.22
Heavy soil, steep, 7% 0.25-0.35

Agricultural land:

Bare packed soil
*Smooth 0.30 - 0.60
*Rough 0.20 - 0.50

Residential: Cultivated rows
Single-family areas | 0.30- 0.50 *Heavy soil, no crop 0.30 - 0.60
Multi units, detached | 0.40 - 0.60 *Heavy soil, with crop 0.20 - 0.50
Munti units, attached | 0.60 - 0.75 *Sandy soil, no crop 0.20-0.40
Suburban 0.25-0.40 *Sandy soil, with crop 0.10-0.25

Pasture

*Heavy soil 0.15-0.45
*Sandy soil 0.05-0.25
Woodlands 0.05-0.25

| The Clean Water Team Guidance Compendium for Watershed Monitoring and Assessment
State Water Resources Control Board 5.1.3 FS-(RC) 2011






Attachment 3
NOAA Precipitation Data
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https://www.commerce.gov/
http://www.noaa.gov/

Attachment 4
Project Hydrology Map
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Attachment 5

Inlet Capacity Information
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Attachment 6
Proposed Strom Drain System Hydraulic Capacity

Calculations
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Proposed Storm Drain System Hydraulic Capacity Calculations

10-Year Storm Event

Node abbreviations: P=pipe, CB=catch basin, AD=area drain, J=junction, JB=junction box, SDMH=storm drain manhole

start pipe network A

. Downstream Tributary Tributary | Tributary | Tributary Upstream Total Area Weighted Rainfall Tributary Total Pipe Pipe Manning's Pipe Pipe Pipe Full Flow Full Flow Inlet Inlet Pipe Inlet
e Node Area Name Area Area c Area A c Intensity | Runoff RunoffQ [ ) ongth Slope n Size Area Perimeter Velocity Capacity Size Capacity Capacity? Capacity?
(sf) (ac) (ac) (ac) (in/hr) (cfs) (cfs) (ft) (ft/ft) (in) (ft%) (ft) (ft/s) (cfs) (in) (cfs)
AD-1A J-1A 1A 2,785 0.30 0.064 3.49 0.067 0.067 76 | 0.0100| 0.012 6 0.196 1.57 3.10 0.61 9 0.15 oK oK
AD-2A J-1A 2A 5,393 0.90 0.124 3.49 0.372 0.372 24 | 0.0100( 0.012 8 0.349 2.09 3.76 1.31 18 0.75 OK OK
J-1A J-2A 0.188 3.49 0.000 0.439 37 |0.0100| 0.012 8 0.349 2.09 3.76 1.31 oK N/A
AD-3A J-2A 3A 5,556 0.30 0.128 3.49 0.134 0.134 11 | 0.0100| 0.012 6 0.196 1.57 3.10 0.61 9 0.15 OK OK
AD-4A CB-1A 4A 930 0.30 0.021 3.49 0.022 0.022 11 | 0.0100( 0.012 6 0.196 1.57 3.10 0.61 0.15 oK oK
J-2A CB-1A 0.315 3.49 0.000 0.573 83 | 0.0100| 0.012 8 0.349 2.09 3.76 1.31 OK N/A
CB-1A JB-1B 5A 3,315 0.90 0.391 3.49 0.239 0.834 180 | 0.0100| 0.012 8 0.349 2.09 3.76 1.31 12 0.25 oK oK
end pipe network A
start pipe network B
Node Ip Downstream Tributary Tributary Tributary Tributary Upstream Total Area Weighted Rainfall Tributary Total Pipe Pipe Manning's Pipe Pipe Pipe Full Flow Full Flow Inlet Inlet
Node Area Name Area Area c Area A c Intensity | Runoff Runoff Q Length Slope n Size Area Perimeter Velocity Capacity Size Capacity
(sf) (ac) (ac) (ac) (in/hr) (cfs) (cfs) (ft) (ft/ft) (in) (ft") (ft) (ft/s) (cfs) (in) (cfs)
AD-1B J-1B 1B 3,314 0.90 0.076 3.49 0.231 0.231 12 | 0.0100| 0.012 6 0.196 1.57 3.10 0.61 12 0.25 OK OK
J-1B J-2B 0.076 3.49 0.000 0.231 36 | 0.0100| 0.012 6 0.196 1.57 3.10 0.61 oK N/A
AD-2B J-2B 2B 3,743 0.90 0.086 3.49 0.261 0.261 12 | 0.0100| 0.012 6 0.196 1.57 3.10 0.61 18 0.75 OK OK
J-2B J-3B 0.162 3.49 0.000 0.493 27 | 0.0100| 0.012 6 0.196 1.57 3.10 0.61 oK N/A
AD-3B J-3B 3B 5,225 0.90 0.120 3.49 0.369 0.369 12 | 0.0100| 0.012 6 0.196 1.57 3.10 0.61 18 0.75 OK OK
J-3B J-4B 0.282 3.49 0.000 0.862 25 | 0.0100| 0.012 8 0.349 2.09 3.76 1.31 oK N/A
AD-4B J-4B 4B 7,773 0.90 0.178 3.49 0.536 0.536 39 |0.0100( 0.012 6 0.196 1.57 3.10 0.61 18 0.75 OK OK
J-4B J-58B 0.460 3.49 0.000 1.398 36 | 0.0100| 0.012 12 0.785 3.14 493 3.87 oK N/A
AD-5B J-5B 5B 10,912 0.30 0.251 3.49 0.353 0.353 16 | 0.0100| 0.012 6 0.196 1.57 3.10 0.61 18 0.75 OK OK
J-5B J-6B 0.711 3.49 0.000 1.751 5 0.0100 | 0.012 12 0.785 3.14 493 3.87 oK N/A
AD-6B J-6B 6B 5,016 0.90 0.115 3.49 0.132 0.132 17 | 0.0100| 0.012 6 0.196 1.57 3.10 0.61 9 0.15 OK OK
J-6B JB-1B 0.826 3.49 0.000 1.883 113 | 0.0100| 0.012 12 0.785 3.14 493 3.87 oK N/A
AD-7B JB-1B 7B 4,553 0.30 0.105 3.49 0.279 0.279 78 | 0.0100( 0.012 6 0.196 1.57 3.10 0.61 18 0.75 OK OK
JB-1B JB-1C 0.496 3.49 0.000 2.996 51 | 0.0100| 0.012 12 0.785 3.14 493 3.87 18 0.75 oK oK
end pipe network B
start pipe network C
V-1C JB-1C 0.000 3.49 0.000 | 35.000 | 253 | 0.0017| 0.012 30 4.906 7.85 3.74 36.72 0.00 OK N/A
JB-1C 0ouUT-1C 0.496 3.49 0.000 | 37.996 53 | 0.0017 | 0.012 36 7.065 9.42 4.23 59.71 0.00 OK N/A




Node abbreviations: P=pipe, CB=catch basin, AD=area drain, J=junction, JB=junction box, SDMH=storm drain manhole

start pipe network A

Proposed Storm Drain System Hydraulic Capacity Calculations
100-Year Storm Event

Total

Node D Downstream Tributary Tributary Tributary Tributary Upstream Total Area Weighted Rainfall Tributary Pipe Pipe Manning's Pipe Pipe Pipe Full Flow Full Flow Inlet Inlet Pipe Inlet
ode
Node Area Name Area Area c Area A c Intensity | Runoff RunoffQ | |angth Slope n size Area Perimeter Velocity Capacity size Capacity Capacity? Capacity?
(sf) (ac) (ac) (ac) (in/hr) (cfs) (cfs) (ft) (ft/ft) (in) (ft) (ft) (ft/s) (cfs) (in) (cfs)
AD-1A J-1A 1A 2,785 0.30 0.064 5.60 0.107 0.107 76 | 0.0100| 0.012 6 0.196 1.57 3.10 0.61 9 0.15 oK oK
AD-2A J-1A 2A 5,393 0.86 0.124 5.60 0.597 0.705 24 | 0.0100( 0.012 8 0.349 2.09 3.76 1.31 18 0.75 OK OK
J-1A J-2A 0.188 5.60 0.000 0.812 37 |0.0100| 0.012 8 0.349 2.09 3.76 1.31 oK N/A
AD-3A J-2A 3A 5,556 0.30 0.128 5.60 0.214 0.214 11 | 0.0100| 0.012 6 0.196 1.57 3.10 0.61 12 0.25 OK OK
AD-4A CB-1A 4A 930 0.30 0.021 5.60 0.036 0.036 11 | 0.0100( 0.012 6 0.196 1.57 3.10 0.61 9 0.15 oK oK
J-2A CB-1A 4A 0.315 5.60 0.000 1.026 83 | 0.0100| 0.012 8 0.349 2.09 3.76 1.31 OK N/A
CB-1A JB-1B 5A 3,315 0.90 0.391 5.60 0.384 1.410 180 | 0.0100| 0.012 12 0.785 3.14 493 3.87 18 0.75 oK oK
end pipe network A
start pipe network B
Downstream Tributary Tributary Tributary Tributary Upstream Total Area Weighted Rainfall Tributary Total Pipe Pipe Manning's Pipe Pipe Pipe Full Flow Full Flow Inlet Inlet
Nodel? Node Area Name Area Area c Area A c Intensity | Runoff RunoffQ | Length | Slope n Size Area Perimeter | Velocity | Capacity Size Capacity
(sf) (ac) (ac) (ac) (in/hr) (cfs) (cfs) (ft) (ft/ft) (in) (ft") (ft) (Ft/s) (cfs) (in) (cfs)
AD-1B J-1B 1B 3,314 0.90 0.076 5.60 0.371 0.371 12 | 0.0100| 0.012 6 0.196 1.57 3.10 0.61 18 0.75 OK OK
J-1B J-2B 0.076 5.60 0.000 0.371 36 | 0.0100| 0.012 6 0.196 1.57 3.10 0.61 oK N/A
AD-2B J-2B 2B 3,743 0.90 0.086 5.60 0.419 0.419 12 | 0.0100| 0.012 6 0.196 1.57 3.10 0.61 18 0.75 OK OK
J-2B J-3B 0.162 5.60 0.000 0.790 27 | 0.0100| 0.012 8 0.349 2.09 3.76 1.31 oK N/A
AD-3B J-3B 3B 5,225 0.90 0.120 5.60 0.593 0.593 12 | 0.0100| 0.012 6 0.196 1.57 3.10 0.61 18 0.75 OK OK
J-3B J-4B 0.282 5.60 0.000 1.383 25 | 0.0100| 0.012 12 0.785 3.14 493 3.87 oK N/A
AD-4B J-4B 4B 7,773 0.90 0.178 5.60 0.860 0.860 39 |0.0100( 0.012 8 0.349 2.09 3.76 1.31 24 0.95 OK OK
J-4B J-5B 0.460 5.60 0.000 2.243 36 | 0.0100| 0.012 12 0.785 3.14 493 3.87 oK N/A
AD-5B J-5B 5B 10,912 0.30 0.251 5.60 0.566 0.566 16 | 0.0100| 0.012 6 0.196 1.57 3.10 0.61 18 0.75 OK OK
J-5B J-6B 0.711 5.60 0.000 2.809 5 0.0100 | 0.012 12 0.785 3.14 493 3.87 oK N/A
AD-6B J-6B 6B 5,016 0.90 0.115 5.60 0.212 0.212 17 | 0.0100| 0.012 6 0.196 1.57 3.10 0.61 12 0.25 OK OK
J-6B JB-1B 0.826 5.60 0.000 3.021 113 | 0.0100| 0.012 12 0.785 3.14 493 3.87 oK N/A
AD-7B JB-1B 7B 4,553 0.30 0.105 5.60 0.447 0.447 113 | 0.0100 | 0.012 12 0.785 3.14 4.93 3.87 18 0.75 OK OK
JB-1B JB-1C 0.496 5.60 0.000 4.878 113 | 0.0100| 0.012 18 1.766 4.71 6.45 11.40 oK N/A
end pipe network B
start pipe network C
V-1C JB-1C 0.000 5.60 0.000 | 50.000 | 253 | 0.0017| 0.012 36 7.065 9.42 4.23 59.71 0.00 OK N/A
JB-1C OuUT-1C 0.496 5.60 0.000 | 54.878 53 | 0.0017 | 0.012 36 7.065 9.42 4.23 59.71 0.00 OK N/A

end pipe network C




