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Executive Summary

This drainage study is prepared to address the potential stormwater impacts associated with the
Cui Family Land Subdivision (Project) of the 82.32-acre vacant property near 11798 State Route
1, Point Reyes Station in Marin County. This Project is considered a “Regulated Project” since it
will create a total of approximately 312,482 square-feet (sf) impervious areas, exceeding the
impervious area criterion of 5,000 sf for the Regulated Project. Accordingly, the project is required
to meet the following typical hydrology-related requirements:
a) not increasing the 100-year peak flow magnitude of stormwater leaving the site,
compared to existing conditions;
b) not reducing the water quality of stormwater leaving the site, compared to existing
conditions; and
c) not increasing erosion potential of stormwater leaving the site for relatively frequent
storm events by hydromodification management?.

This drainage study report is prepared for the Tentative Map application, the first phase of a land
subdivision. The next phase is the Final Map application?. The purpose of this drainage study
report is to:

1) determine the peak discharges of stormwater runoff generated pre- and post-development
from the site for the 100-year storm event (Q100) and evaluate the hydraulic adequacy of
the existing drainage facilities.

2) demonstrate that the Q100 peak discharge under the post-development condition would
be mitigated to below the pre-development level.

3) document the sizing of strategically located/designed 11 bioretention facilities (BF) by
collecting and conveying the stormwater from all the impervious areas into these BFs.
The BFs will serve conjunctive use purposes to satisfy both the stormwater management
(water quality pollutant control) and hydromodification management for relatively
frequent storm events with a required rainfall intensity equal to 0.2 inches per hour®.

4) document the sizing of the stormwater collection and conveyance system.

5) Document the sizing of ripraps for energy dissipation and erosion control at appropriate
locations.

! Hydromodification management is an additional requirement for Regulated Projects (It is not required for non-
Regulated Projects). The purpose of hydromodification management is to minimize the potential of storm water
discharges from causing altered flow regimes (in terms of flow rate and duration) and excessive downstream erosion
in receiving waters, i.e., mimic existing condition hydrographs. The required design storm for hydromodification
management is 2-year, 24-hour storm.

2 The County Development Code (Title 22) specifies that a land subdivision for 4 or fewer parcels will have two
phases: (1) Tentative Map and (2) Parcel Map. The two phases for a land subdivision for more than 4 parcels are
specified as: (1) Tentative Map and (2) Final Map.

3 Measured over years, these low-intensity storms produce most of the total volume of runoff (80% or more).

The required design storm for stormwater quality control is a storm with a rainfall intensity of 0.2 inches per hour.
The required design storm for hydromodification management is 2-year, 24-hour storm. As shown in Appendix A,
the 2-year, 24-hour storm has a total rainfall of about 3.59 inches with a rainfall intensity of about 0.15 inches per
hour. Using a rainfall intensity of 0.2 inches per hour for both stormwater quality control and hydromodification
management is justified. This is the rainfall intensity specified in the BASMAA Post-Construction Manual (January
2019).



This report mainly documents the following items:

1)

2)

3)

4)

5)

6)

7)

Explanations of the pre- and post-development drainage conditions, including the field-
surveyed drainage culverts under existing conditions and eleven (11) strategically located
BFs under post-development conditions. A map showing the FEMA flood zone and the
project site is also included. The effect of future sea level rise is also discussed.

Hydrology analysis following the 2000 Marin County Hydrology Manual (Rational
Method Q = C-1-A) to estimate the 100-year peak discharges under both pre-and post-
development conditions. The calculations for the time of concentration (T¢), rainfall
intensity (1) corresponding to the T¢, and the C-factor are documented. Considering that
the rainfall data in the 2000 Hydrology Manual was based on the 1941-1971 data, the
current rainfall data at the project area from NOAA Atlas 14 was used to conduct the
hydrology analysis. In addition to the 100-year peak discharge estimation, the 100-year
stormwater runoff volume was also estimated.

Hydraulic analysis to evaluate the adequacy of the existing culverts for conveying 100-
year peak discharges.

Sizing of the eleven (11) BFs so that the BFs can meet both the stormwater quality
management and hydromodification management objectives.

Analysis of additional storage volume for flood detention at the top of the selected BFs
(above the BF volume for water quality control and hydromodification management) for
attenuation/ detention of the 100-year flood flow so that the Project will not increase the
100-year peak flow magnitude of stormwater leaving the site, compared to existing
conditions.

Sizing of the stormwater collection and conveyance system including new storm drain
pipes and street gutters.

Sizing of riprap for energy dissipation based on flow velocities at concentrated discharges
into the BFs, and from the discharge locations out of the BFs.

Below is a summary of major findings:

The entire subject property is outside of the FEMA 100-year flood zone. The property
elevation is at least 11 ft higher than the Base Flood Elevation (BFE) of the adjacent
Lagunitas Creek. Future sea level rise would not have any effect on the project area since
the 100-year water level along the adjacent Lagunitas Creek is much higher than the
current 100-year sea level (10 ft NAVD88).

The project would increase the 100-year peak discharge from the pre-development
condition of about 169.7 cubic feet per second (cfs) to the post-development condition of
about 177.7 cfs, an increase of 8.0 cfs. The project would increase the 100-year
stormwater runoff volume from the pre-development condition of about 145,242 cubic
feet (cf) to the post-development condition of about 147,733 cf, an increase of 2,491 cf.



Mitigation to the increase in Q100 will be provided by designing additional storage
volume at the top of selected BFs. Analysis indicates that less than 0.6 ft additional
depths at the top of all selected BFs will provide adequate mitigation. This is easy to
accommodate at the selected BFs.

All existing culverts have adequate hydraulic capacities to convey the 100-year peak
discharges received from respective sub-basins under both existing and post-development
conditions.

The total required minimum surface area of the proposed 11 BFs is estimated to be about
12,499 sf, ranging from 453 sf for BF11 to 1,601 sf for BF2. The proposed 11 BFs have
sufficient surface area spaces to achieve both stormwater quality management and the
hydromodification management objectives.

The stormwater collection and conveyance system were conservatively sized using the
representative facilities that convey the estimated maximum stormwater flows during the
100-year flood. The stormwater collection and conveyance system mainly include (1)
stormdrain culverts/pipes conveying stormwater from buildings to street gutters, (2)
stormdrain culverts crossing streets, and (3) street gutters. All stormdrain culverts
conveying stormwater from buildings to street gutters were sized to be 4 inches. All
stormdrain culverts crossing streets were sized to be 8 inches. All street gutters were
designed as half VV-shaped with standard curb height of 0.5 ft or 6 inches. The maximum
water depth in the designed street gutters is estimated to be about 0.22 ft or about 3
inches during the 100-year flood.

Ripraps were designed to adequately dissipate energy at the concentrated discharges into
the 11 BFs and from the discharge locations out of the 11 BFs. All the ripraps would be
No.2 Backing in rock size (2 to 3 inches) and the minimum thickness would be 1.1 ft.



1.0 Introduction

1.1 Purpose of the Drainage Study

This drainage study is prepared to address the potential stormwater impacts associated with the
Cui Family Land Subdivision (Project) of the 82.32-acre vacant property near 11798 State Route
1, Point Reyes Station in Marin County, in accordance with the following guidelines,
regulations, and policies:

e The BASMAA Post-Construction Manual (January 2019);

e The Marin County Code regarding hydrology study (824.04.520 and (824.04.530),
drainage plan (824.04.550), and stormwater control plan (§24.04.627);

e The Marin Countywide Plan (CWP) Polices regarding water resources (WR-2.1, WR-
2.2, and WR-2.3);

e The Marin County Local Coastal Program Land Use Plan’s Water Resources policies;

e The Marin County Hydrology Manual Simplified Instructions (August 2000); and

e Low Impact Development (LID) practices.

This Project is considered a “Regulated Project” since it will create a total of approximately
312,482 square-feet (sf) impervious areas, exceeding the impervious area criterion of 5,000 sf for
the Regulated Project. Accordingly, the project is required to meet the following typical
hydrology-related requirements:

a)
b)

c)

not increasing the 100-year peak flow magnitude of stormwater leaving the site,
compared to existing conditions;

not reducing the water quality of stormwater leaving the site, compared to existing
conditions; and

not increasing erosion potential of stormwater leaving the site for relatively frequent
storm events by hydromodification management?.

The purpose of this drainage study report is to:

1)

2)

3)

4)
5)

determine the peak discharges of stormwater runoff generated pre- and post-development
from the site for the 100-year storm event (Q100) and evaluate the hydraulic adequacy of
the existing drainage facilities.

demonstrate that the Q100 peak discharge under the post-development condition would
be mitigated to below the pre-development level.

document the sizing of strategically located/designed 11 bioretention facilities (BF) by
collecting and conveying the stormwater from all the impervious areas into these BFs.
The BFs will serve conjunctive use purposes to satisfy both the stormwater management
(water quality pollutant control) and hydromodification management for relatively
frequent storm events with a required rainfall intensity equal to 0.2 inches per hour®.
document the sizing of stormwater collection and conveyance system.

Document the sizing of ripraps for energy dissipation and erosion control at appropriate
locations.

4 The purpose of hydromodification management for Regulated Projects is to minimize the potential of storm water
discharges from causing altered flow regimes and excessive downstream erosion in receiving waters.

5 Measured over years, these low-intensity storms produce most of the total volume of runoff (80% or more).
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1.2 Project Location and Description

The subject property (82.32 acres) is located near 11798 State Route 1, Point Reyes Station in
the unincorporated area of Marin County (APN: 119-050-04, 119-050-09, 119-140-03, and 119-
140-09). It is within the village limit boundaries of the community of Point Reyes Station and
located within the Coastal Zone. Figure 1a shows the property location in Marin County and
Figure 1b shows the project vicinity and the existing property parcels (4 parcels). The property is
bounded by Point Reyes-Petaluma Road and Lagunitas Creek on the south, State Route 1 to the
west, rural residential housing to the north, and open pastureland to the east. The project site is
currently vacant and undeveloped.

The subject property consists of four (4) lots (69, 79, 80, and 81). Refer to Figure 2 for the
Record of Survey prepared by Adobe Associates in 2022. Table 1 is a summary of the four lots.

Table 1 Summary of the Four Lots of the Subject Property

Document Assessor’s Parcel
Lot ID Number Number Area (acre)
(DN) (APN)
119-140-03

69 119-140-09 8.01

79 119-050-04 25.78

79 1999-0091165 14.89

80 119-050-09 14.89

81 18.75
Total 82.32

Figure 3a shows the Coastal Zone land use zoning and the property location. The property is
within the zoning of C-ARP-3 -- Coastal, Agricultural, Residential Planned (1 unit per 3 acres).
The C-ARP land use zoning is designed to preserve productive lands for agricultural use through
the clustering of allowed residential development.

The project site is subject to the Marin Countywide Plan (CWP)’s C-AG3 (Coastal Agricultural
3; 1 unit per 1 — 9 acres) land use designation. The C-AG3 land use category was established for
residential use within the context of small-scale agricultural and agriculturally related uses.
According to Map 19e Point Reyes Station Land Use Policy Map, the density associated with C-
AG3 is 1 unit per every 1 to 9 acres (see Figure 3b).

The 82.32-acre subject property is proposed to be subdivided into 37 parcels for future single-
family residential development (see Figure 4). Of the 37 parcels, 5 parcels are designated as
affordable housing. The subdivision considered a density bonus of 35% after meeting the 20%



affordable housing requirement. Preliminary plan shown in Figure 4 indicates that individual lots
will range between about 1.02- and 8.2-acres, meeting the density requirement for the C-AG3
land use designation (1 unit per 1 to 9 acres).

The land subdivision proposal includes conceptual plans for new driveways to access all the new
parcels and driveway tie-in aprons at State Route 1 and Point Reyes-Petaluma Road, roadway
improvements to Point Reyes-Petaluma Road at the southeast corner, utility installation and
maintenance areas, onsite wastewater treatment systems, limited tree removal, and general
grading to accommodate site improvements such as new driveways.

Access to the development will be provided via an eastward extension of the existing Water
Tank Road, via a new access driveway from State Route 1 a few hundred yards north of the
existing Water Tank Road, and a new driveway extending from Point Reyes-Petaluma Road in
the southeast corner of the site (see Figure 4).

1.3 Existing Site Conditions and Drainage

The site is positioned in a topographically steep section of Point Reyes Station surrounded by
rural residential development, pastureland, and light commercial development. The majority of
the project site is undeveloped and consists of pastureland with several seasonal drainages, stock
ponds, and wetland seeps based on the Huffman & Associates’ reconnaissance of the site in 2023
(see Figure 5). A small parcel near the southwestern end consists of a farmhouse with attendant
features. Current land use is limited to cattle and horse grazing.

Figure 6a shows the topographical contours based on the 2023 topographic survey using the
Real-Time Kinematic (RTK) Observations method. The site elevation ranges from about 40 ft
NAVDB88 near Point Reyes-Petaluma Road in the south to about 400 ft NAVD88 in the
northeast. Below is a summary of site slopes based on a preliminary slope analysis (see also
Figure 6b). The site has an average slope of approximately 28.5%.

Slope Range Acres % of Site
<15% 13.09 15.9
15% - 25% 22.10 26.9
25% - 45% 39.24 47.7
>45% 7.75 9.5
Total 82.18 100

Existing drainage patterns and drainage facilities at/near the project site are shown in Figure 7.
In general, the southeast portion of the site drains to Lagunitas Creek and the northwest portion
of the site drains to Tomasini Canyon (refer to Figure 1b for Tomasini Canyon). Both creeks

eventually discharge into Tomales Bay. The Lagunitas Creek watershed is the largest drainage



into Tomales Bay and Tomasini Canyon is one of the small tributaries draining the east side of
Tomales Bay (Tomales Bay's eastshore).

There are eight (8) existing culverts along the Point Reyes-Petaluma Road that drain the
southeast portion of the site into Lagunitas Creek. The roadside ditch along the Point Reyes-
Petaluma Road on the west side helps convey the stormwater runoff from the site into the 8
culverts. Culvert #8 is located offsite and drains a small portion from the site (Sub-Basin 3-1 in
Figure 8).

There is a twin culvert along State Route 1 (CA-1) at the entrance of the site. This twin culvert
along with the roadside ditch conveys the stormwater from the northwest portion of the site to
Tomasini Canyon.

Field survey was performed to inspect and locate the existing culverts, survey the culverts invert
and top elevations, measure the culvert sizes, and measure the dimensions of the roadside
ditches. These surveyed data are summarized in Table 2.

The site generally consists of narrow ridgelines, typically inclined between about 5:1 (horizontal:
vertical), flanked by steep slopes. Incised drainage channels at the base of the slopes are typically
bounded by channel banks inclined between about 2:1 and near vertical.

Vegetation in the ridgeline and upper slopes is typically limited to native grasses and ground
cover, while the lower slopes and many of the channel areas are vegetated with mature oak, bay
and laurel trees along with dense poison oak, broom, and other shrubs.



Table 2 Surveyed Data of Existing Culverts and Roadside Ditches

I'rA'n\ II:V\\//\?:; Inlet Outlet
. - Diameter/Si Length Inlet A . Invert | t
ID PMSign Existing Culvert 'ame. erfSize eng ne ’ rea Level without “"ef ”"ef Slope
(in) (ft) (ft) . Elevation Elevation
Overtopping () ()
(ft)
Inlet Portion 18” RCP and
” 0

1 PM13.97 Outlet Portion 24” CMP 18 37 1.77 89.38 87.71 84.85 7.7%

Inlet Portion 18 RCP and

It 0,
2 PM13.87 Outlet Portion 24” HDPE 18 45 1.77 50.05 47.30 45.54 3.9%
3 PM13.78 18” CMP 18” 49 1.77 40.14 35.68 NV 10.0%
4 PM13.71 18” RCP 18” 40 1.77 33.97 28.13 23.42 11.8%
5 PM13.70 18” RCP 18” 40 1.77 33.74 29.51 26.39 7.8%
6 PM13.67 12” CMP 127 42 0.79 32.86 29.17 26.34 6.7%
7 PM13.63 20” RCP 207 54 2.18 32.00 28.97 NV 10.0%
8 PM1351 20” RCP 207 73 2.18 28.00 19.50 NV 10.0%
CA-1: Two 14” CMP 147%2 24 1.07 2.7%
Bottom width: 1 ft
CA-1 Ditch Depth: 2.5 ft 8.8 2.7%
Side slope: 1:1
. Bottom width: 1 ft

Point Reyes—Petaluma Rd Depth: 1 ft 25 0.6%

Ditch Side slope = 1:1.5

PM: Post Mile; NV: Not Visible. The slopes in red are assumed slopes based on judgement in the field.



Figure 8 shows the delineated drainage sub-basins under existing conditions based on the site
topography (or flow directions) and the locations of the existing culverts. The sub-basins inside
the property are numbered with a postfix of 1 (e.g., Sub-Basin 1-1, Sub-Basin 2-1) and the sub-
basins outside of the property are numbered with a postfix greater than 1 (e.g., Sub-Basin 1-2,
Sub-Basin 2-2, Sub-Basin 2-3). The 100-year peak flow calculations based on this drainage sub-
basin delineation are intended to evaluate the hydraulic adequacy of the existing drainage
culverts.

Note that the total site area shown in the table insert in Figure 8 is about 81.51 acres, which is a
little smaller than the total property area of 82.32 acres (see Table 2) from the boundary survey.
The reason for this is that the boundary line shown in Figure 8 is not exactly the same as the
surveyed property boundary which includes a portion of the Point Reyes-Petaluma Road at the
southeast corner (0.81 acres). There is no need to include the portion of the Point Reyes-
Petaluma Road in the drainage analysis.

As shown in Figure 8, Sub-basins 1-1 and 2-1 inside the property drain to Tomasini Canyon with
a total drainage area of about 41.40 acres (5.68 + 35.72 = 41.40; see the table insert in Figure 8).
All other sub-basins inside the property drain to Lagunitas Creek.

Table 3 summarizes the existing condition drainage sub-basins and hydrologic characteristics.
Under existing conditions, the entire property site has no impervious areas. There are about 3.12-
acre impervious areas adjacent to the property site. These impervious areas include residential
buildings, storage tanks, and paved areas (see Figure 9).



Table 3 Existing Condition Drainage Sub-Basins and Hydrologic Characteristics

. Raci Top Elev Bottom Elev Flow Length  Average Slope Pervious Impervious
Basin  Sub-Basin  Area (sf)  Area(ac) nnavpgs) (7t NAVDSS) L (f) S Area(ac)  Area (ac)

1 1-1 247,393 5.68 404 234 578 29.4% 5.68 0.00

1-2 2,788,512 64.02 64.02 0.00

2 2-1 1,556,051 35.72 404 68 2,103 16.0% 35.72 0.00

2-2 34,613 0.79 0.79 0.00

2-3 261,952 6.01 5.82 0.19

2-4 156,287 3.59 3.49 0.10

3 3-1 78,057 1.79 368 304 168 38.1% 1.79 0.00

3-2 1,064,736 24.44 24.44 0.00

4 4-1 17,359 0.40 276 256 266 7.5% 0.40 0.00

4-2 794,932 18.25 15.64 2.61

5 5-1 551,671 12.66 368 32 1,434 23.4% 12.66 0.00

5-2 39,982 0.92 0.92 0.00

6 6-1 355,619 8.16 308 34 1,068 25.7% 8.16 0.00

7 7-1 417,763 9.59 280 34 1,004 24.5% 9.59 0.00

7-2 111,014 2.55 2.44 0.11

8 8-1 227,285 5.22 130 40 355 25.4% 5.22 0.00

8-2 173,643 3.99 3.95 0.04

9 9-1 89,895 2.06 128 58 289 24.2% 2.06 0.00

9-2 43,767 1.00 1.00 0.00

10 10-1 9,676 0.22 110 90 139 14.4% 0.22 0.00

10-2 47,036 1.08 1.01 0.07

Total 9,067,242 208.16 205.04 3.12

TotalInside 5 op 769 g151 81.51 0.00

Property

Note: The sub-basins in red represent the sub-basins inside the property.




1.4 Post-Development Drainage Conditions

The Project proposes to subdivide the land into 37 parcels for future single-family residential
development. Of the 37 parcels, 5 parcels are designated as affordable housing. This subdivision
considered a density bonus of 35% after meeting the 20% affordable housing requirement.

Figure 10 shows the post-development drainage conditions. The post-development conditions
will preserve all the existing environmentally sensitive habitat areas (ESHA) with 100 ft buffers.
No structures and construction activities will encroach into the ESHA 100 ft buffer areas. Most
of the existing hydrologic features will be maintained except the paved driveways and the
buildings that have a building footprint of about 4,000 sf each based on the County code. All
driveways are designed to have slopes not more than 18% and meet the following width
requirements specified in the Marin Coastal Zoning Code section 20.65.030.A.

e The minimum improved width of a driveway serving a single dwelling unit is 12 feet.

e The minimum improved width of a driveway serving two to six dwelling units is 16 feet.

e A driveway which serves more than six dwelling units shall be considered equivalent to a

private road and designed accordingly. The minimum width is 20 ft.

Figure 11 shows the drainage sub-basins under project conditions. Stormwater generated from all
and only the impervious areas is collected and conveyed by culverts/pipes and street gutters into
11 bioretention facilities (BF) that are strategically located/designed. For a pervious area where
stormwater flows toward a street gutter segment due to the natural topography, the designed
street curb along the gutter segment would prevent the stormwater from flowing into the gutter.
The BFs will serve conjunctive use purposes to satisfy both the stormwater management (water
quality pollutant control) and hydromodification management. Additional storage volume at the
top of selected BFs will be provided for attenuation/detention of the 100-year flood flow so that
the Project will not increase the 100-year peak flow magnitude of stormwater leaving the site,
compared to existing conditions. This way the Project design will meet the following typical
hydrology-related requirements:
a) not increasing the 100-year peak flow magnitude of stormwater leaving the site,
compared to existing conditions;
b) not reducing the water quality of stormwater leaving the site, compared to existing
conditions; and
c) not increasing erosion potential of stormwater leaving the site for relatively frequent
storm events by hydromodification management.

In locating the BFs, the following factors were considered:
e High-visibility, well-trafficked places
Common, publicly accessible areas for inspection and maintenance
Dispersed throughout the site
Drain only impervious building roofs and pavement
Use surface drainage; keep runs short
Make facilities flat and level
Make top of soil elevation high as possible

Table 4 summarizes the project condition drainage sub-basins and hydrologic characteristics.
The project condition will create about 7.17 acres of new impervious areas.
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Table 4 Project Condition Drainage Sub-Basins and Hydrologic Characteristics

. Raci Top Elev Bottom Elev Flow Length  Average Slope Pervious Impervious
Basin  Sub-Basin  Area (sf)  Area(ac) nnavpgs) (7t NAVDSS) L (f) S Area(ac)  Area (ac)

1 1-1 247,393 5.68 404 234 578 29.4% 5.68 0.00

1-2 2,788,512 64.02 64.02 0.00

2 2-1 1,556,051 35.72 404 68 2,103 16.0% 32.68 3.04

2-2 34,613 0.79 0.79 0.00

2-3 261,952 6.01 5.82 0.19

2-4 156,287 3.59 3.49 0.10

3 3-1 78,057 1.79 368 304 168 38.1% 1.18 0.61

3-2 1,064,736 24.44 24.44 0.00

4 4-1 17,359 0.40 276 256 266 7.5% 0.40 0.00

4-2 794,932 18.25 15.64 2.61

5 5-1 551,671 12.66 368 32 1,434 23.4% 11.38 1.29

5-2 39,982 0.92 0.92 0.00

6 6-1 355,619 8.16 308 34 1,068 25.7% 7.29 0.87

7 7-1 417,763 9.59 280 34 1,004 24.5% 9.05 0.55

7-2 111,014 2.55 2.44 0.11

8 8-1 227,285 5.22 130 40 355 25.4% 4.66 0.55

8-2 173,643 3.99 3.95 0.04

9 9-1 89,895 2.06 128 58 289 24.2% 1.80 0.26

9-2 43,767 1.00 1.00 0.00

10 10-1 9,676 0.22 110 90 139 14.4% 0.22 0.00

10-2 47,036 1.08 1.01 0.07

Total 9,067,242 208.16 197.86 10.29

TotalInside 5 op 769 g151 74.34 7.17

Property

Note: The sub-basins in red represent the sub-basins inside the property.




1.5 FEMA Flood Zone Information

The entire subject property is outside of the FEMA 100-year flood zone (see Figure 12). Figure
12 shows that the adjacent Lagunitas Creek has a 100-year base flood elevation (BFE) of 25 ft
NAVDB88 at the downstream end of the property. The FEMA flood map does not establish the
BFE at the upstream end of the property. Using the same downstream water surface elevation
profile slope shown in Figure 12, the BFE at the upstream end of the property is estimated at
about 29 ft NAVD88. The property elevation along Lagunitas Creek is about 40 ft and is
separated from the creek by Point Reyes-Petaluma Road. The property elevation is at least 11 ft
higher than the BFE of the adjacent Lagunitas Creek.

According to the FEMA effective Flood Insurance Study, the current 100-year sea level at
Tomales Bay is 10 ft NAVD88. The adjacent Lagunitas Creek is not a tidal-affected reach.
Future sea level rise would not affect this reach since the 100-year water level along the adjacent
Lagunitas Creek is much higher than the current 100-year sea level.
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2.0 Hydrology Analysis

The 100-year peak flows (Q100) from pre- and post-development were analyzed using the Rational
Method documented in the 2000 County of Marin Hydrology Manual Simplified Instructions. The
Rational Method is the most commonly used method, but due to its simplicity in application, it is
limited to drainage areas smaller than 200 acres. The entire project site is less than 200 acres and
the Rational Method is applicable.

The Rational Method is expressed by the following equation:
Q=CI-A Q)

where:

Q = The peak runoff rate in cubic feet per second at the point of analysis.

C = A runoff coefficient representing the area — averaged ratio of runoff to rainfall intensity.
| = The time-averaged rainfall intensity in inches per hour corresponding to the time of
concentration (T¢)

A = The drainage basin area.

The Rational Method requires determination of three important parameters; runoff coefficient (C);
time of concentration (T¢), and rainfall intensity corresponding to the Te.

2.1 Runoff Coefficient

The 2000 Hydrology Manual recommends a minimum runoff coefficient (C) of 0.7 be used for
large storm events such as the 100-year storm event due to saturated ground condition prior to the
event. In this 100-year peak flow analysis, a runoff coefficient of 0.7 was used for pervious areas
and runoff coefficient of 0.95 was used for impervious areas.

2.2 Time of Concentration

The time of concentration (T¢) is the time required for water to flow from the most remote point
of the basin to the location being analyzed. The 2000 Hydrology Manual recommends the
following formula for the T estimation:

T _18-(L1-CWL
¢ 3/5(100)

+5min 2

where:

C = runoff coefficient

L = longest flow path length
S =slope
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2.3 Rainfall Intensity

The rainfall intensity-duration-frequency data in the 2000 Hydrology Manual were based on the
1941-1971 rainfall data. Given the current NOAA Atlas 14 available, it would be better to use
the current rainfall data.

The rainfall intensity-duration-frequency data from NOAA Atlas 14 for the project area is shown
in Figure 13 (refer to Appendix A for more detailed data). These data were used in this 100-year
peak flow analysis.

2.4 Estimation of 100-Year Peak Discharge

Using the C factor, the T estimation method, and the 100-year rainfall intensity-duration-
frequency data described above, the 100-year peak discharges were estimated for both pre- and
post-development conditions and the results are summarized in Table 5 and Table 6,

respectively.

Table 5 and Table 6 show that the Project would increase the 100-year peak discharge inside the
property from the pre-development condition of about 169.7 cubic feet per second (cfs) to the
post-development condition of about 177.7 cfs, an increase of 8.0 cfs. Note that Table 6 shows
the 100-year peak discharge inside the property under the post-project condition is 175.7 cfs.
Comparison between Table 5 and Table 6 shows an increase of 8.0 cfs in the entire analysis area
(434.4 - 426.4 = 8 cfs). This flow increase is attributable to the Project. The 100-year peak
discharge inside the property under the post-project condition was then back-calculated to be
177.7 cfs (169.7 + 8.0 = 177.7 cfs).

2.5 Estimation of 100-Year Stormwater Volume

The Natural Resources Conservation Service (NRCS)’s equivalent triangular hydrograph (see
below) was used to estimate the 100-year stormwater volume.

~-— Excess Rmeall z}‘#:‘m?‘%rl:‘
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0s] 2 K \\\s #{j_r--"'"’i:
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Dimensionless Curvilinear NRCS Synthetic Unit Hydrograph and
Equivalent Triangular Hydrograph
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The triangular hydrograph has the following time parameters:

e Timeto peaktp = gtc

. _8, _ 16
o Timebaset=2t, = —t

Where t. is the time of concentration.

Given the estimated Q100 peak flow and the estimated time base (tb), the volume (V) of the
triangular hydrograph can be calculated using the equation below:

V = 0.5 x Q100 peak flow x t,

Table 7 summarizes the 100-year stormwater volume estimates for both pre- and post-
development conditions for the sub-basins inside the property. As shown in Table 7, the post-
development condition would increase the 100-year stormwater volume by about 2,491 cubic
feet (cf), from 145,242 cf to 147,733 cf. The increased stormwater volume would occur in the
seven Sub-Basins 2-1, 3-1, 5-1, 6-1, 7-1, 8-1, and 9-1. Mitigation to the increase in Q100 to
below pre-development level is analyzed in Section 5.0.
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Table 5 Existing Condition Drainage Sub-Basins and 100-Year Peak Flow Estimation

Basin Sub-Basin Area (sf) Area (ac) TopElev (ft | BottomElev | FlowLength | Average Pervious Impervious Coe:flijcniZ:t for RL;Z?:;CPZTEEEM CoRmuEg:fite ConTtileﬂnet::tion 100-Ygar Ra.linfall 100-Year Peak | Basin Total Receiving
NAVD88) (ft NAVD88) L (ft) Slope S Area (ac) Area (ac) Pervious Area Area Coefficient C Te (min) Intensity I (in/hr) | Flow Q100 (cfs) | Q100 (cfs) Culvert
1 1-1 247,393 5.68 404 234 578 16.4% 5.68 0.00 0.70 0.95 0.70 18.3 2.78 11.1
1-2 2,788,512 64.02 420 60 2,200 64.02 0.00 125.6 136.8
2 2-1 1,656,051 35.72 404 68 2,103 15.4% 35.72 0.00 0.70 0.95 0.70 18.8 2.76 69.7 25% to Cvt CA-1
2-2 34,613 0.79 420 404 190 0.79 0.00 16
2-3 261,952 6.01 5.82 0.19 11.7
2-4 156,287 3.59 3.49 0.10 7.0 90.0
3 3-1 78,057 1.79 368 304 168 18.2% 1.79 0.00 0.70 0.95 0.70 17.5 2.82 3.6
3-2 1,064,736 24.44 420 40 2,090 24.44 0.00 48.6 52.1 Culvert8
4 4-1 17,359 0.40 276 256 266 12.6% 0.40 0.00 0.70 0.95 0.73 14.7 3.01 0.9
4-2 794,932 18.25 256 128 910 15.64 2.61 40.8 41.7
5 5-1 551,671 12.66 368 32 1,434 23.4% 12.66 0.00 0.70 0.95 0.70 14.5 3.03 27.1 Culvert7
5-2 39,982 0.92 0.92 0.00 2.0 29.0
6 6-1 355,619 8.16 308 34 1,068 25.7% 8.16 0.00 0.70 0.95 0.70 13.0 3.20 18.4 18.4 Culvert6
7 7-1 417,763 9.59 280 34 1,004 24.5% 9.59 0.00 0.70 0.95 0.70 12.8 3.22 21.9
7-2 111,014 2.55 2.44 0.11 5.8 27.7] Culverts 485
8 8-1 227,285 5.22 130 40 355 17.9% 5.22 0.00 0.70 0.95 0.70 13.2 3.17 11.7
8-2 173,643 3.99 200 130 540 3.95 0.04 8.9 20.6 Culvert3
9 9-1 89,895 2.06 128 58 289 15.2% 2.06 0.00 0.70 0.95 0.70 125 3.26 4.8
9-2 43,767 1.00 160 128 380 1.00 0.00 2.3 7.1 Culvert2
10 10-1 9,676 0.22 110 90 139 10.3% 0.22 0.00 0.70 0.95 0.71 13.3 3.16 0.5
10-2 47,036 1.08 160 90 680 1.01 0.07 25 3.0 Culvert1
Total 9,067,242 208.16 205.04 3.12 426.4 426.4
T‘:::;Z::e 3,550,769 81.51 81.51 0.00 169.7

Note: The blue numbers were used to calculate the average slope. Using Basin 2 as an example, the longest flow path includes the flow paths in Sub-Basins 2-1 and 2-2, which is 2103+190 = 2293 ft. The average slope = (420 - 68)/(2103+190) = 15.4%.




Table 6 Project Condition Drainage Sub-Basins and 100-Year Peak Flow Estimation

Basin Sub-Basin Area (sf) Area (ac) TopElev (ft | BottomElev | FlowLength | Average Pervious Impervious Coe:flijcniZ:t for RL;Z?:;CPZTEEEM CoRmuEg:fite ConTtileﬂnet::tion 100-Ygar Ra.linfall 100-Year Peak | Basin Total Receiving
NAVD88) (ft NAVD88) L (ft) Slope S Area (ac) Area (ac) Pervious Area Area Coefficient C Te (min) Intensity I (in/hr) | Flow Q100 (cfs) | Q100 (cfs) Culvert
1 1-1 247,393 5.68 404 234 578 16.4% 5.68 0.00 0.70 0.95 0.70 18.3 2.78 11.1
1-2 2,788,512 64.02 420 60 2,200 64.02 0.00 125.6 136.8
2 2-1 1,656,051 35.72 404 68 2,103 15.4% 32.68 3.04 0.70 0.95 0.72 18.2 2.78 72.0 25% to Cvt CA-1
2-2 34,613 0.79 420 404 190 0.79 0.00 16
2-3 261,952 6.01 5.82 0.19 12.1
2-4 156,287 3.59 3.49 0.10 7.2 92.9!
3 3-1 78,057 1.79 368 304 168 18.2% 1.18 0.61 0.70 0.95 0.71 17.3 2.83 3.6
3-2 1,064,736 24.44 420 40 2,090 24.44 0.00 49.2 52.8 Culvert8
4 4-1 17,359 0.40 276 256 266 12.6% 0.40 0.00 0.70 0.95 0.73 14.7 3.01 0.9
4-2 794,932 18.25 256 128 910 15.64 2.61 40.8 41.7
5 5-1 551,671 12.66 368 32 1,434 23.4% 11.38 1.29 0.70 0.95 0.72 14.0 3.09 28.5 Culvert7
5-2 39,982 0.92 0.92 0.00 2.1 30.6
6 6-1 355,619 8.16 308 34 1,068 25.7% 7.29 0.87 0.70 0.95 0.73 12.4 3.27 19.6 19.6 Culvert6
7 7-1 417,763 9.59 280 34 1,004 24.5% 9.05 0.55 0.70 0.95 0.71 12.6 3.25 22.4
7-2 111,014 2.55 2.44 0.11 6.0 28.4] Culverts 485
8 8-1 227,285 5.22 130 40 355 17.9% 4.66 0.55 0.70 0.95 0.72 12.9 3.21 12.1
8-2 173,643 3.99 200 130 540 3.95 0.04 9.2 213 Culvert3
9 9-1 89,895 2.06 128 58 289 15.2% 1.80 0.26 0.70 0.95 0.72 12.1 3.32 5.0
9-2 43,767 1.00 160 128 380 1.00 0.00 2.4 7.4 Culvert2
10 10-1 9,676 0.22 110 90 139 10.3% 0.22 0.00 0.70 0.95 0.71 13.3 3.16 0.5
10-2 47,036 1.08 160 90 680 1.01 0.07 25 3.0 Culvert1
Total 9,067,242 208.16 197.86 10.29 434.4 434.4

Note: The blue numbers were used to calculate the average slope. Using Basin 2 as an example, the longest flow path includes the flow paths in Sub-Basins 2-1 and 2-2, which is 2103+190 = 2293 ft. The average slope = (420 - 68)/(2103+190) = 15.4%.




Table 7 100-Year Stormwater VVolume Estimation for Sub-Basins Inside Property

Pre-Development Condition

Post-Development Condition

Q100 . Base Q100 . Base Increased
Sub- Peak Time of Time Stormwater Peak Time of Time Stormwater Stormwater
. Conc. tc Volume conc. tc Volume
Basin Flow (min) to (cf) Flow (min) to (ch) Volume
(cfs) (min) (cfs) (min) (cf)
1-1 11.1 18.3 325 10,834 11.1 18.3 325 10,834 0
2-1 69.7 18.8 334 69,886 72.6 18.2 324 70,470 585
3-1 3.6 17.5 31.1 3,360 43 17.3 30.8 3,967 607
4-1 0.9 14.7 26.1 706 0.9 14.7 26.1 706 0
5-1 27.1 14.5 25.8 20,957 28.7 14.0 24.9 21,429 472
6-1 18.4 13.0 23.1 12,757 19.6 12.4 22.0 12,962 205
7-1 21.9 12.8 22.8 14,950 22.6 12.6 22.4 15,187 237
8-1 11.7 13.2 23.5 8,237 12.4 12.9 22.9 8,631 294
9-1 4.8 125 22.2 3,200 5.1 121 21.5 3,291 91
10-1 0.5 13.3 23.6 355 0.5 13.3 23.6 355 0
Total 169.7 145,242 177.7 147,733 2,491
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3.0 Hydraulic Evaluation of the Adequacy of Existing Culverts for Conveying
100-Year Peak Discharges

A hydraulic analysis was conducted to evaluate the adequacy of the existing culverts for
conveying the Q100 peak discharges estimated in Section 2.0.

The Marin County Code, Section 24.04.520 sets the following criteria for hydrologic and
hydraulic designs:

24.04.520 Hydrologic and hydraulic design

(@) Where, in the opinion of the agency, hydrologic and hydraulic design
considerations exist, the design engineer shall provide calculations, references,
model studies, reports, watershed topography, and other pertinent information as
deemed necessary by the agency to confirm the design.

(b) Hydrologic and hydraulic designs shall be predicated upon the ultimate
development of the tributary watershed as defined by the Marin Countywide Plan
and/or any general, specific or community plan applicable to the watershed.

(c) Hydrologic and hydraulic analyses used in the design of waterways, channels and
closed conduits shall be based upon the one hundred-year storm. Closed conduit
systems must pass seventy percent of the one hundred-year flow as open channel
flow with no head allowed at the inlet. The remaining thirty percent may be
allowed to enter the conduit with head over the inlet provided that a minimum of
two feet of freeboard is maintained in all inlet structures.

(d) Open channel systems shall be designed to carry the one hundred-year flow with a
minimum freeboard equal to the velocity head. Bridges and utility crossings which
span open channel waterways shall have a minimum clearance of two feet between
soffit and the one hundred-year flow elevation.

The criterion (c) above is particularly applicable for evaluating the hydraulic adequacy of the
existing culverts.

Table 8 is a summary of the evaluation results. The last 4 columns in the table show the
following information:

e Open channel capacity of the culvert with no head allowed at the inlet
Culvert maximum capacity with allowable head at the inlet without overtopping
Existing condition 100-year flow to the culvert
70% of the 100-year flow to the culvert

As shown in Table 8, all the 8 culverts along the Point Reyes-Petaluma have adequate capacity
to convey the existing condition 100-year peak flows. All the 8 culverts also have adequate
capacity to convey the unmitigated Project condition 100-year peak flows since the unmitigated
Project condition 100-year peak flows are only a little higher than the existing condition 100-
year peak flows. The twin culvert along CA-1 at the property entrance receives approximately
25% of the flow from Sub-Basin 2-1 and it has adequate capacity to pass the 100-year peak flow.
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Table 8 Hydraulic Capacities of Existing Culverts and Roadside Ditches

Allowable Inlet Outlet Open Culvert Ei((;sg”:g 70% of
. - Diameter/Size Length  Inlet Area Invert Invert Channel Max y 100yr
PM Sign Existing Culvert . ’ Inlet Water . . Slope . . Flow to
(in) (ft) (ft2) Level (ft) Elevation Elevation Capacity  Capacity Culvert Flow
(ft) (ft) (cfs) (cfs) (cfs) (cfs)

Inlet Portion 18” RCP and
EEl 0
PM 13.97 Outlet Portion 24” CMP 18 37 1.77 89.38 87.71 84.85 1.7% 29 37 3.0 2.1

Inlet Portion 18” RCP and
2 0
PM 13.87 Outlet Portion 24 HDPE 18 45 1.77 50.05 47.30 45.54 3.9% 21 33 7.1 5.0

PM 13.78 18”7 CMP 18” 49 1.77 40.14 35.68 NV 10.0% 33 46 20.6 14.4
PM 13.71 18” RCP 18” 40 1.77 33.97 28.13 23.42 11.8% 36 54 21.7 194
PM 13.70 18” RCP 18” 40 1.77 33.74 29.51 26.39 7.8% 29 45 - -
PM 13.67 12” CMP 12”7 42 0.79 32.86 29.17 26.34 6.7% 9 14 18.4 12.9
PM 13.63 20” RCP 20” 54 2.18 32.00 28.97 NV 10.0% 44 56 29.0 20.3
PM 13.51 20” RCP 20” 73 2.18 28.00 19.50 NV 10.0% 44 65 52.1 36.5
CA-1: Two 14” CMP 147x2 24 1.07 2.7% 18 174 12.2
Bottom width: 1 ft
CA-1 Ditch Depth: 2.5 ft 8.8 2.7% 56
Side slope: 1:1
Point Reyes—Petaluma Rd BOtt[(;:;mdlthfi[ L 25 0.6% 5

Ditch Side slope = 1:1.5

PM: Post Mile; NV: Not Visible. Assumed Manning’s n for culverts: 0.013; Assumed Manning’s n for roadside ditches: 0.04.



4.0 Sizing of Bioretention Facilities for Stormwater Quality Management and
Hydromodification Management

The eleven (11) bioretention facilities (BF) were sized to meet the following two objectives based
on the BASMAA Post-Construction Manual (January 2019):

e Provide the required stormwater quality management; and

e Provide the required hydromodification management.

The BASMAA Post-Construction Manual categorizes the drainage management areas (DMA) into
the following four types:

e Self-treating areas

e Self-retaining areas

e Areas draining to self-retaining areas

e Areas draining to a bioretention facility

Self-treating areas are landscaped or turf areas that do not drain to bioretention facilities, but
rather drain directly off site or to the existing storm drain system. In general, self-treating areas
include no impervious areas.

Self-retaining areas are used where, because of site layout or topography, it is not possible to
drain entirely pervious areas off-site separately. To create self-retaining turf and landscape areas
in flat areas or on terraced slopes, berm the area or depress the grade into a concave cross-section
so that these areas will retain the first inch of rainfall.

Areas draining to self-retaining areas. Runoff from impervious areas, such as roofs, can be
managed by routing it to self-retaining pervious areas. The maximum ratio is 2 parts impervious
area for every 1 part pervious area.

Areas draining to a bioretention facility. Where possible, design site drainage so only impervious
roofs and pavement drain to bioretention facilities. When only impervious areas are drained to a
bioretention facility, the required minimum area of the bioretention facility is 4% of the total
impervious area draining to the bioretention facility.

Only the third and fourth methods above are applicable methods for managing stormwater from
impervious areas. For a given size of impervious area, the third method requires a minimum self-
retaining area to be 50% of the impervious area, while the fourth method requires a minimum
bioretention facility area to be 4% of the impervious area. The bioretention facility method has
been verified by hydrologic routing modeling for its effectiveness in meeting the
hydromodification management requirements (Dubin Environmental Consulting, 2014). It is
unclear if the third method is able to meet the hydromodification management requirements.

The bioretention facility method is selected in this subdivision for managing stormwater from the
impervious areas to meet the requirements for both stormwater quality control and
hydromodification management. No stormwater from any pervious areas will be directed to the
bioretention facilities. The project site is in a natural state with all areas pervious. The land
subdivision will not affect the existing pervious areas except that the Project will create a total of
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312,482 sf or 7.17 acres impervious areas that include 37 buildings (4,000 sf each) and paved
driveways. This total impervious area is approximately 8.7 percent of the total land area (82.32

acres).

The drainage design strategically located 11 bioretention facilities (BF) by collecting and
conveying stormwater from all the impervious areas into these BFs via stormdrain culverts/pipes
and street gutters. These 11 BFs are shown in Figures 10 and 11.

Table 9 shows the sizing of these BFs. The total required minimum surface area of the 11 BFs is

estimated to be about 12,499 sf, ranging from 453 sf for BF11 to 1,601 sf for BF2.

It is worth noting that this drainage plan considered stormwater from all the buildings will be
directed to the BFs by stormdrain culverts/pipes and street gutters. When the future site-specific
plans are developed for the individual buildings, additional bioretention facilities may be
designed and installed at the individual lots by future property owners, beyond those proposed in
this drainage plan, which will further manage stormwater onsite. Therefore, the sizing of the
proposed BFs in this drainage plan would be conservative (oversized), providing some level of

reliability and redundancy.

Table 9 Bioretention Facilities Sizing

Bioretention Buildin Total Required BF
L Road Area _— Number of g Impervious Minimum
Facility (BF) Buildings i Area
D (sf) Buildings (sf) Area Surface Area
(sf) (sf)
BF1 17,087 4,5/6,7,9 5 20,000 37,087 1,483
BF2 20,022 1,2,3,810 5 20,000 40,022 1,601
BF3 10,713 11,12, 13,14 4 16,000 26,713 1,069
BF4 10,600 21 1 4,000 14,600 584
BF5 25,529 15, 16, 17, 18 4 16,000 41,529 1,661
BF6 7,683 22,23 2 8,000 15,683 627
BF7 22,097 19, 20, 24, 25 4 16,000 38,097 1,524
BF8 7,755 28, 29, 30, 31 4 16,000 23,755 950
BF9 23,562 26, 27,32, 33 4 16,000 39,562 1,582
BF10 12,097 34, 35, 36 3 12,000 24,097 964
BF11 7,337 37 1 4,000 11,337 453
Total 164,482 148,000 312,482 12,499
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5.0 Analysis of Detention Volume Needed to Attenuate the 100-Year Flood
Flow to Pre-Development Level

In this drainage design, an additional storage volume for flood detention at the top of selected
BFs (above the BF volume for water quality control and hydromodification management) will be
provided for attenuation/detention of the 100-year flood flow so that the Project will not increase
the 100-year peak flow magnitude of stormwater leaving the site, compared to existing
conditions. The flood detention volume will be provided in addition to the pollutant control
volume as shown in the schematics below.

CREST OF PRIMARY
OUTFLOW STRUCTURE

12“FREEBOARD

TOP OF BASIN

INCIDENTAL ADDITIONAL VOLUME
FOR HEAD TO CONVEY EMERGENCY
OVERFLOW AND FREEBOARD

FLOCD CONTROL EMERGENCY
OVERFLOW WATER SURFACE
(UNDETAINED Q100 VIA
EMERGENCY SPILLWAY)

(FC) FLOOD CONTROL
~STORAGE VOLUME

UNDERDRAIN CONNECTION TO
R\ i s s / PRIMARY OUTFLOW STRUCTURE
B o SOIL MEDIA WHEN APPLICABLE

FAGGREGATE

SN

NOTE:
LOOD CONTROL BASIN REQUIRES EMERGENCY

F
PRIMARY OUTFLOW SPILLWAY STRUCTURE WITH CREST ELEVATION =
STRUCTURE (QUTFLOW FLOOD CONTROL DETENTION DESIGN WATER
PIPE NOT SHOWN) SURFACE (NOT SHOWN)

Use of Bioretention Facility for Stormwater Quality Management and Flood Detention

Table 10 shows the selected BFs for the Q100 flood flow attenuation/retention for the sub-basins
that would increase the Q100 stormwater volume due to the Project. The last column of the table
shows the additional depths at the top of the selected BFs needed for detaining the increased
Q100 stormwater volume. The estimated additional depth for flood detention is all within 0.6 ft,
which is easy to accommodate at the BFs.
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Table 10 Selected BFs and Estimated Additional Depths at the Top of BFs
for 100-Year Flood Flow Attenuation

Increased Q100 | oo ooteq BF | Required BE | Additional BF
Stormwater -
Sub-Basin Volume due to for Q100 Minimum Depth Needed
Proiect Flood Surface Area | for Q100 Flood
(ij) Attenuation (sP) Attenuation (ft)
1-1 0 - - -
2-1 585 BF9 1,582 0.37
3-1 607 BF3 1,069 0.57
4-1 0 - - -
5-1 472 BF5 1,661 0.28
6-1 205 BF7 1,524 0.13
7-1 237 BF8 950 0.25
8-1 294 BF10 964 0.30
9-1 91 BF11 453 0.20
10-1 0 - - -
Total 2,491
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6.0 Sizing of the Stormwater Collection and Conveyance System

The stormwater collection and conveyance system mainly include (1) stormdrain culverts/pipes
conveying stormwater from buildings to street gutters, (2) stormdrain culverts/pipes crossing
streets, and (3) street gutters.

Sizing of stormdrain culverts/pipes conveying stormwater from buildings to street qutters

Sizing of the stormdrain culverts/pipes conveying stormwater from buildings to street gutters
requires knowing the 100-year peak flow from an individual building. The Rational Method
discussed in Section 2.0 was used to estimate the 100-year peak flow from each building.

The time of concentration formula in Section 2.2 indicates that the minimum time of
concentration is 5 minutes. Considering the stormwater travel time from the roof top to the
culvert, it was assumed that the time of concentration is about 6 minutes. The corresponding
100-year rainfall intensity is estimated to be about 4.82 inches per hour (see Figure 13).

For a designed building pad area of 4,000 sf, the 100-year peak flow is:
Q =C-1-A =0.95 x 4.82 inches per hour x 4,000 sf = 0.4 cfs

Assuming the designed slope for each culvert is 5% and a Manning’s n for the culvert is 0.013,
the culvert was sized to be 4 inches using the following open channel Manning Equation.

Q=VA= L%]AR_E

Where:
Q = Flow Rate, (cfs)
v = Velocity, (fps)
A = Flow Area, (sf)
n = Manning’s Roughness Coefficient
R = Hydraulic Radius, (ft)
S = Slope, (ft/ft)

Sizing of stormdrain culverts/pipes conveying stormwater to cross streets

As shown in Figure 10, the street crossing culvert that conveys stormwater collected from
Building #11, #12, and #13 into BF3 would experience the maximum flood flow, compared to all
other street crossing culverts. To be conservative, this maximum flood flow is used for the sizing
of all the street crossing culverts.

The street crossing culvert into BF3 would need to have a hydraulic capacity to convey the

stormwater from the three buildings (Buildings #11, #12, and #13) and the stormwater from a
portion of the street. The three buildings have an estimated 100-year peak flow of about 1.2 cfs
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(0.4 cfs x 3 =1.2 cfs). The street portion has an estimated 100-year peak flow of about 0.5 cfs
using the method described in Section 2.0 with data and results summarized below:

Top elevation: 400 ft NAVD88

Bottom elevation: 364 ft NAVD88

Flow path length: 540 ft

Slope: 6.7%

Area: 5,357 sf

Time of concentration (Tc): 8 minutes

100-year rainfall intensity (1): 4.22 in/hr

100-year peak flow: 0.5 cfs (Q =C-1-A =0.95 x 4.22 in/hr x 5357 sf = 0.5 cfs)

The total 100-year peak flow at the street crossing culvert into BF3 is estimated to be about 1.7
cfs (1.2 + 0.5 = 1.7). This estimate would be conservative since it assumed that all the peak flows
from the three buildings and from the street portion arrive at the culvert at the same time.

Assuming the designed slope for the street crossing culvert is 2% and a Manning’s n for the
culvert is 0.013, the culvert was sized to be 8 inches using the open channel Manning Equation.

Sizing of street gutters

As shown in Figure 10, the street gutter at the inlet of the street crossing culvert into BF3
analyzed above would also experience the maximum flood flow, compared to all other street
gutters. To be conservative, this maximum flood flow, which was estimated at 1.7 cfs above, is
used for the sizing of all the street gutters.

Assuming the designed gutter has the shape shown in the schematic below and a Manning’s n for
the gutter is 0.013, given the estimated 100-year peak flow of about 1.7 cfs, the water depth in
the gutter is estimated to be about 0.22 ft using the open channel Manning Equation. This water
depth is well below the standard curb height of 0.5 ft, indicating the gutter has adequate capacity.

Section
364.60

364.50

364.40

364.30

Elevation (ft NAVD88)

364.20

364.10

364.00
0 1 2 3 4 5 6 7 8 9 0 11 12 13 14 15 16 17 18 19 20 21 22 23 24
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Street Gutter Schematic and Sizing
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7.0 Sizing of Riprap for Energy Dissipation

There will be concentrated discharges into and out of the BFs by pipes. There is a need to place
ripraps at these locations for energy dissipation and erosion control. The ripraps will be sized using
the velocity criteria shown in the table below.

Velocity Criteria for Riprap Sizing

DESION VELOCTY|  ROCK | 1iokness

(FT/SEC) * CLASS """ (MIN)
6-10  [NO. 2 BACKING| 1.1 FT
10-12 1/4 TON 2.7 FT
12-14 1/2 TON 35 FT
14-16 1 TON 4.4 FT
16-18 2 TON 5.4 FT

* OVER 20 FT/SEC REQUIRES SPECIAL DESICGN

Section 6.0 sized the representative street crossing culvert that conveys the estimated maximum
stormwater flow of about 1.7 cfs into BF3 during the 100-year flood. Given the sized culvert at 8
inches, the flow velocity in the culvert (or flow velocity from the culvert into BF3) would be about
4.9 ft per second (fps).

It is expected that the flow velocities into and out of all the BFs would be lower than 4.9 fps.

Therefore, all the ripraps would be No.2 Backing in rock size (2 to 3 inches) and the minimum
thickness would be 1.1 ft. This is the required minimum riprap size shown in the table above.
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7.0 Findings

Below is a summary of major findings:

The entire subject property is outside of the FEMA 100-year flood zone. The property
elevation is at least 11 ft higher than the Base Flood Elevation (BFE) of the adjacent
Lagunitas Creek. Future sea level rise would not have any effect on the project area since
the 100-year water level along the adjacent Lagunitas Creek is much higher than the
current 100-year sea level (10 ft NAVDa88).

The project would increase the 100-year peak discharge from the pre-development
condition of about 169.7 cfs to the post-development condition of about 177.7 cfs, an
increase of 8.0 cfs. The project would increase the 100-year stormwater runoff volume
from the pre-development condition of about 145,242 cf to the post-development
condition of about 147,733 cf, an increase of 2,491 cf. Mitigation to the increase in Q100
will be provided by designing additional storage volume at the top of selected BFs.
Analysis indicates that less than 0.6 ft additional depths at the top of all selected BFs will
provide adequate mitigation. This is easy to accommodate at the selected BFs.

All existing culverts have adequate hydraulic capacities to convey the 100-year peak
discharges received from respective sub-basins under both existing and post-development
conditions.

The total required minimum surface area of the proposed 11 BFs is estimated to be about
12,499 sf, ranging from 453 sf for BF11 to 1,601 sf for BF2. The proposed 11 BFs have
sufficient surface area spaces to achieve both stormwater quality management and the
hydromodification management objectives.

The stormwater collection and conveyance system were conservatively sized using the
representative facilities that convey the estimated maximum stormwater flows during the
100-year flood. The stormwater collection and conveyance system mainly include (1)
stormdrain culverts/pipes conveying stormwater from buildings to street gutters, (2)
stormdrain culverts crossing streets, and (3) street gutters. All stormdrain culverts
conveying stormwater from buildings to street gutters were sized to be 4 inches. All
stormdrain culverts crossing streets were sized to be 8 inches. All street gutters were
designed as half VV-shaped with standard curb height of 0.5 ft or 6 inches. The maximum
water depth in the designed street gutters is estimated to be about 0.22 ft or about 3
inches during the 100-year flood.

Ripraps were designed to adequately dissipate energy at the concentrated discharges into
the 11 BFs and from the discharge locations out of the 11 BFs. All the ripraps would be
No.2 Backing in rock size (2 to 3 inches) and the minimum thickness would be 1.1 ft.
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Appendix A

NOAA Atlas 14 Rainfall Intensity-Duration-Frequency Data



NOAA Atlas 14, Volume 6, Version 2

USA*

Latitude: 38.0758°, Longitude: -122.803° £

Elevation: 127 ft**
* source: ESRI Maps
** source: USGS

Location name: Point Reyes Station, California,

POINT PRECIPITATION FREQUENCY ESTIMATES
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Sanja Perica, Sarah Dietz, Sarah Heim, Lillian Hiner, Kazungu Maitaria, Deborah Martin, Sandra
Pavlovic, Ishani Roy, Carl Trypaluk, Dale Unruh, Fenglin Yan, Michael Yekta, Tan Zhao, Geoffrey
Bonnin, Daniel Brewer, Li-Chuan Chen, Tye Parzybok, John Yarchoan

NOAA, National Weather Service, Silver Spring, Maryland

PF_tabular | PE_graphical | Maps_&_aerials

PF tabular
| PDS-based point precipitation frequency estimates with 90% confidence intervals (in inches)1 ‘
Durati Average recurrence interval (years) |
uration
1 || 2 || 5 || 10 || 25 50 100 || 200 || 500 | 1000 |
5-min 0.154 0.189 0.237 0.277 0.334 0.380 0.429 0.481 0.555 0.614
(0.138-0.175)|/(0.168-0.215)|((0.210-0.270)||(0.243-0.319)|{(0.281-0.401)||(0.312-0.468)||(0.342-0.544)|((0.371-0.631)|(0.407-0.765)|[(0.432-0.882)
10-min 0.221 0.271 0.339 0.397 0.479 0.545 0.615 0.690 0.795 0.881
(0.197-0.251)|/(0.241-0.308)||(0.301-0.386)|/(0.348-0.457)|((0.403-0.574)|(0.448-0.671)|[(0.490-0.779)||(0.531-0.904)|| (0.583-1.10) || (0.620-1.26)
15-min 0.268 0.328 0.410 0.480 0.579 0.659 0.744 0.834 0.962 1.06
N 10.239-0.304)||(0.291-0.372)||(0.363-0.467)||(0.421-0.552) |(0.488-0.695) | (0.541-0.811)||(0.593-0.942)|| (0.643-1.09) || (0.705-1.32) || (0.749-1.53)
30-min 0.395 0.483 0.604 0.707 0.853 0.971 1.10 1.23 1.42 1.57
(0.351-0.447)/(0.429-0.548)|((0.535-0.688)||(0.620-0.814)|| (0.719-1.02) || (0.797-1.20) || (0.873-1.39) || (0.947-1.61) || (1.04-1.95) |[ (1.10-2.25)
60-min 0.580 0.710 0.888 1.04 1.26 1.43 1.61 1.81 2.08 2.31
(0.517-0.658)|((0.631-0.806)|| (0.787-1.01) || (0.912-1.20) || (1.06-1.50) || (1.17-1.76) || (1.28-2.04) || (1.39-2.37) || (1.53-2.87) || (1.62-3.31)
2-hr 0.857 1.04 1.28 1.48 1.76 1.98 2.20 2.43 2.74 2.99
(0.763-0.972)| (0.925-1.18) || (1.14-1.46) || (1.30-1.71) || (1.48-2.11) || (1.62-2.43) || (1.75-2.78) || (1.87-3.18) || (2.01-3.78) || (2.10-4.29)
3-hr 1.09 1.32 1.62 1.86 2.20 2.45 2.7 2,98 3.34 3.62
(0.968-1.23) || (1.17-1.50) || (1.43-1.84) || (1.63-2.14) || (1.85-2.63) || (2.01-3.02) || (2.16-3.44) || (2.30-3.90) || (2.45-4.60) || (2.55-5.20)
6-hr 1.53 1.86 2.28 2.61 3.06 3.40 3.74 4.08 4.54 4.88
(1.36-1.74) || (1.65-2.11) || (2.02-2.59) || (2.29-3.01) || (2.58-3.67) || (2.79-4.18) || (2.98-4.74) || (3.14-5.35) || (3.33-6.25) || (3.44-7.01)
12-hr 2.08 2.57 3.20 3.69 4.36 4.85 5.34 5.84 6.50 6.99
(1.85-2.36) || (2.28-2.92) || (2.83-3.64) || (3.24-4.25) || (3.67-5.22) || (3.98-5.97) || (4.26-6.77) || (4.50-7.66) || (4.76-8.95) || (4.92-10.0)
24-hr 2.84 3.59 4.55 5.31 6.33 7.10 7.87 8.64 9.67 10.4
(2.56-3.22) || (3.22-4.07) || (4.08-5.17) || (4.73-6.09) || (5.46-7.49) || (6.00-8.57) || (6.50-9.71) || (6.96-11.0) || (7.48-12.7) || (7.83-14.2)
2-da 3.69 4.67 5.93 6.95 8.31 9.34 10.4 1.4 12.8 13.9
y (3.32-4.18) || (4.20-5.30) || (5.32-6.75) || (6.18-7.97) || (7.17-9.83) || (7.90-11.3) || (8.58-12.8) || (9.20-14.5) || (9.93-16.9) || (10.4-18.9)
3-da 4.24 5.37 6.83 8.01 9.59 10.8 12.0 13.2 14.9 16.1
y (3.82-4.81) || (4.83-6.09) || (6.13-7.77) || (7.13-9.18) || (8.27-11.3) || (9.12-13.0) || (9.91-14.8) || (10.6-16.8) || (11.5-19.6) || (12.1-21.9)
4-da 4.66 5.90 7.52 8.82 10.6 11.9 13.2 14.6 16.4 17.7
y (4.19-5.28) || (5.31-6.70) || (6.74-8.56) || (7.85-10.1) || (9.11-12.5) || (10.1-14.3) || (10.9-16.3) || (11.7-18.5) || (12.7-21.6) || (13.3-24.2)
7-da 5.56 7.08 9.05 10.6 12.7 14.3 15.9 17.5 19.6 21.2
y (5.00-6.30) || (6.37-8.04) || (8.12-10.3) || (9.46-12.2) || (11.0-15.1) || (12.1-17.3) || (13.1-19.6) || (14.1-22.1) || (15.2-25.8) || (15.9-28.8)
10-da 6.42 8.22 10.5 12.3 14.8 16.5 18.3 20.1 224 24.2
Y || (5.78-7.28) || (7.39-9.33) || (9.43-12.0) || (11.0-14.2) || (12.7-17.5) || (14.0-20.0) || (15.122.6) || (16.2-25.5) || (17.4-29.6) || (18.1-33.0)
20-da 8.53 11.0 14.0 16.4 19.4 21.7 23.8 25.9 28.6 30.6
y (7.68-9.67) || (9.87-12.5) || (12.6-16.0) || (14.6-18.8) || (16.8-23.0) || (18.3-26.1) || (19.7-29.4) || (20.9-32.9) || (22.2-37.7) || (22.9-41.7)
30-da 10.4 13.3 17.0 19.8 23.3 25.8 28.2 30.6 33.5 35.6
Y || (9.34-11.8) || (12.0-15.1) || (15.2-19.3) || (17.6-22.7) || (20.1-27.5) || (21.8-31.2) || (23.3-34.9) || (24.6-38.8) || (25.9-44.2) || (26.7-48.5)
45-da 12.9 16.5 20.8 24.0 28.1 31.0 33.7 36.3 39.4 41.7
Y || (11.6-14.6) || (14.8-18.7) || (18.6-23.7) || (21.4-27.6) || (24.2-33.3) || (26.2-37.4) || (27.8-41.6) || (29.2-46.0) || (30.5-52.0) || (31.2-56.7)
60-da 15.4 19.6 24.5 28.2 32.8 35.9 38.9 41.6 45.0 47.3
y (13.9-17.5) || (17.6-22.2) || (22.0-27.9) || (25.1-32.3) || (28.3-38.7) || (30.4-43.3) || (32.1-48.0) || (33.5-52.8) || (34.8-59.3) || (35.5-64.5)
! Precipitation frequency (PF) estimates in this table are based on frequency analysis of partial duration series (PDS).
Numbers in parenthesis are PF estimates at lower and upper bounds of the 90% confidence interval. The probability that precipitation frequency estimates (for
a given duration and average recurrence interval) will be greater than the upper bound (or less than the lower bound) is 5%. Estimates at upper bounds are not
checked against probable maximum precipitation (PMP) estimates and may be higher than currently valid PMP values.
Please refer to NOAA Atlas 14 document for more information.
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PDS-based depth-duration-frequency (DDF) curves
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Small scale terrain
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US Department of Commerce
National Oceanic and Atmospheric Administration
National Weather Service
National Water Center
1325 East West Highway
Silver Spring, MD 20910

Questions?: HDSC.Questions@noaa.gov.
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