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Introduction 

Existing Development  

The project site is made up of three undeveloped lots located in the unincorporated community of 

Cayucos, San Luis Obispo County, California.  More specifically, the site is located at 61 Birch 

Ave, northwest of E street and Birch Ave, as shown in Figure 1 below:  

 

 

Figure 1: Vicinity Map 

 

Each lot is rectangular in shape and total approximately 31,300 sf.  Little Cayucos Creek runs 

through the northern and western portion of Lots 3/4.  The project site is also bounded by the 

Cayucos School District property to the east and a dirt road to the south. 

 

The site slopes to the northwest, toward Little Cayucos Creek, ranging from approximately 6% to 

12% near the banks of the creek.   The project site is covered with native and non-native 

vegetation.  The banks of Little Cayucos Creek are thick with native Willow and Sycamore. 

Weeds and grasses sparsely cover the remainder of the property. The existing site development 

and topography features are shown in Figure 2. 

 

Based on the Soils Engineering Report by GeoSolutions, Inc., dated July 13, 2006, the surface 

materials at the site consist of black silty sand.  The sub-surface materials generally consist of 

brown clayey sand.  Brown silty clay was encountered at the depth of 9 ft and groundwater is 

found at a depth of 34 ft.  The vacant site has been used for overflow parking and surface soils are 

highly compacted.  
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Figure 2: Existing Topographic Features 
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Proposed Site Development 

The proposed project includes the construction of a single-family residence on each of the three 

lots.  Proposed homes total approximately 4,400 sf including the garages.  About 4,500 sf of 

permeable driveway provides access to the lots from the northeast.  The remaining portion of the 

three lots, which includes the Little Cayucos Creek riparian corridor and the historic Monarch 

butterfly aggregation site, is proposed to be protected as permanent open space.  

 

A portion of Birch Ave will also be improved as part of the project.  Currently, Birch Avenue is 

graded dirt road with base material.  The improvements include placing approximately 4,000 sf of 

asphalt, concrete curb, gas line, and signs.  The proposed overall site development is shown in 

Figure 3. 

Drainage Methodology and Assumptions 

This project is located in the designated Storm Water Management area and results in more than 

2,500 sf of net impervious area.  Thus, this development is subject to the Central Coast Post 

Construction Requirements, adopted on March 6, 2014.  The five post-construction requirements 

(PR) are developed based on the new or replaced impervious area and summarized below: 

 

Performance Requirements What is Required? 

PR #1 – Site Design  
(2,500 sf – 4,900 sf) 

- Demonstrate compliance with site design practices 

- Choose one runoff reduction measure 

PR #2 – Water Quality Treatment 
(5,000 sf – 14,999 sf) 

- Use Low Impact Development (LID) measures to treat 

stormwater before it leaves the site. 

- Facilities must be sized to treat stormwater for the 85th 

percentile storm event. 

PR #3 – Runoff Retention  
(15,000 sf – 22,999 sf) 

- Retain and infiltrate runoff.  

- Facilities must be sized to retain and infiltrate for the 95th 

percentile storm event. 

PR #4 – Peak Management  
(>= 22,500 sf) 

-Post-development peak flow rates must match the pre-

development peak flow rates. 

-This must be demonstrated for 2- through 10-year storm 

events. 

PR #5 – Special Circumstances 
 

May be exempt from Runoff Retention (PR3)  

and/or Peak Management (PR 4) performance requirements 

if those performance requirements would be ineffective to 

maintain or restore beneficial uses of receiving waters.  

 

This project creates just under 8,475 sf of impervious area, which falls under PR1 and PR2 

requirements. 
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Figure 3: Site Development 
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Since the ground disturbing activities associated with the project are less than one-acre, the State 

Water Resources Control Board does not require a certified Storm Water Pollution Prevention 

Plan (SWPPP). 

 

Stormwater runoff rates across open ground, for watersheds less than 200 acres, are estimated 

using the Rational Method, Q= CIA.   

 

Project C values for site pervious areas are determined using County Standard H-3a.  

 

Rainfall Intensities (I) are per County Standard H-4 for Annual Rainfall between 18” and 21”.  

Average annual rainfall for Cayucos area is approximately 18” per County Standard H-1.  For 

water treatment calculations, 85
th

 percentile for the 24 hr storm is used per PR #2. 

 

Swale calculations are performed using AutoCAD Hydroflow Express Extension, which utilizes 

Manning’s Equation. 

 

Required minimum depth of the gravel drainage layer for the permeable driveway is determined 

using the City of Santa Barbara Storm Water BMP Guidance Manual, July 2013. 

 

Soil percolation is not considered in calculations due to clay soils. An underdrain system will be 

proposed. 

 

All hydrologic calculations are included in Appendix A.  Facility sizing is included in Appendix 

B. 

 

Proposed Stormwater Facilities 

Drainage Design Objectives 

The following requirements are proposed to be incorporated into the drainage design: 

 Incorporate Low Impact Development (LID) measures into the project drainage design per 

PR1. 

 Provide water quality treatment per PR2 for runoff from project improvements. 

 Provide safe 100 year storm flow route through site from the adjacent School District 

properties. 

 Preserve the existing onsite runoff rate as much as possible. 

 Do not negatively impact downstream facilities.   

 

Proposed Drainage Analysis: 

The project site is divided into multiple Drainage Management Areas.  The runoff from the offsite 

areas is labels as DMA A1-A3 and the runoff from the onsite areas is labeled DMA B1-B5, as 

shown in Figure 4.  Table 1 below sumarizes the drainage management areas. 
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Proposed drainage facilities are designed to handle a storm of 100 year intensity.  All the 

calculations are included in Appendix A. 

 

Offsite Drainage Areas 

DMA A1 encompasses the proposed improvements to Birch Avenue.  Currently, Birch Avenue is 

graded dirt road with base material.  Approximately 4,000 sf of asphalt will be placed as part of 

the improvements.  Runoff from DMA A1 will be directed toward weir outlflow with filtration 

system, as discussed in more detail under “Water Treatment.” 

 

DMA A2 is tributary to the portion of the lot 7.  This portion of the lot is an easement for the 

access to the proposed development, which is proposed to be permeable driveway.  To be 

conservative, we assumed that all of the storm water from DMA A2 sheet flows onto the driveway 

and then follows the driveway toward lots 3/4, 5, and 6. 

 

DMA A3 includes the Cayucos School District land.  This property is mostly undeveloped, except 

for the one existing building on “E” Street.  We assume that the site will be fully developed and 

100% paved in the future.  DMA A3 is tributary to the proposed onsite vegetative swale. 

 

Onsite Drainage Areas 

DMA B1 mostly encompasses the proposed permeable driveway through the development.  The 

runoff follows the driveway toward Little Cayucos Creek and exists the site via cobble swale.  

Permeable driveway is designed to treat the storm water runoff as discussed in more detail in 

Section “Water Treatment.” 

 

DMA B2 and B3 are tributary to the proposed vegetative onsite swales.  The runoff from the roofs 

located within B2 and B3 are treated via FloGard Downspout Filters before the water is allowed to 

enter the swales. 

 

DMA B4 includes portion of the buildings' roofs and permeable driveway.  The runoff from DMA 

B4 is tributary to the vegetative swale along the southern property line. 

 

DMA B5 collects the runoff from most of the site and School District property.  Vegetative swale 

conveys the runoff along the southern property line toward another cobble swale before existing 

the site toward Little Cayucos Creek. 

 

Offisite Areas, sf Onsite Areas, sf

DMA A1 4,588 DMA B1 3,103

DMA A2 4,981 DMA B2 1,146

DMA A3 11,555 DMA B3 2,463

Birch Ave 4,026 DMA B4 3,158

1,257 DMA B5 1,558

Roofs 4,386

3,266

Pervious Driveway 
(Lot 7)

Pervious 
Driveway
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The table below summarizes the tributary areas and corresponding 100 year runoff rate for each 

proposed drainage facility: 

 

 

The proposed swales have been sized to handle 100 yr storm event, as shown in calculations in 

Appendix B.  The vegetative swales are V-shaped, 3 ft wide with the water depth of 0.4 ft.  Cobble 

swales are 5 ft wide with the water depth of 0.4 ft. 

 

The proposed drainage facilities are shown in Figure 4.  All calculations for the project water 

quality treatment facilities and capacity sizing calculations for onsite and offsite stormwater 

conveyance facilities are located in the Appendix A.  The specific site improvements to be 

constructed are shown on the Construction Permit Documents and they include the detailed 

information for construction of the proposed drainage facilities, including mechanical filtration 

device specifications, lengths and gradients, and flow line elevations. 

 

Water Treatment 

 

Permeable Pavement 

Permeable pavement areas remove pollutants through physical, chemical, and biological 

mechanisms. They use infiltration, absorption, microbial activity, plant uptake, sedimentation, and 

filtration.  The subsurface gravel layer beneath the facility adsorb pollutants to the aggregate and 

soil particles. In addition, biological degradation and chemical precipitation also lower pollutant 

concentrations. As the water filters through the permeable pavement layer, the subsurface gravel 

layer, particulates and suspended solids are physically removed through filtration. 

 

The minimum depth of the gravel layer is 3 in, as shown in the calculations in Appendix B.  Due 

to clay soils found on site, a min 6” underdrain pipe is required. 

  

Roof Drains 

The FloGard Downspout Filter is proposed to treat the water from the buildings' roof.  The 

FloGard is a multi-model building-mounted filter designed to collect particulates, debris, metals 

and petroleum hydrocarbons from rooftop stormwater runoff.  The working chamber of the 

FloGard Downspout Filter is made of a durable dual-wall geotextile fabric liner encapsulating an 

adsorbent which is designed to collect particulates and debris, as well as metals, oils and greases.  

 

FloGard Filter can filter models can filter anywhere from 30 gpm to 325 gpm.  The FloGard 

model will be selected during the final design stage. Roof downspouts will outlet to the pervious 

paver driveways or vegetated swales.  

 

Pre Post

Tributary Area Q100 (cfs)

Swale 1 A3 and B2 0.61 1.11

Swale 2 A3, B2, B3, and B5 0.81 1.42

Swale 3 B3 0.10 0.20

Swale 4 A2 and B1 0.35 0.43

Swale 5 A3, B2, B3, B4, and B5 0.92 1.64
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Figure 4: Proposed Drainage Facilities 
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Birch Avenue Improvements 

The FloGard Trash & Debris Guard is proposed to filter and treat runoff from Birch Avenue.  It is 

designed to remove debris and has a Fossil Rock pouch insert for removal of oil and greases.  The 

runoff rate for the 100 yr storm from Birch Avenue is 0.4 cfs.  The FloGard Trash & Debris Guard 

Model FG-TDG24 is capable to remove 0.45 cfs and may be used in this design. 

Conclusions 

Onsite and offsite drainage facilities have been adequately preliminary designed to handle the 

required flows. The criteria followed during the design process addressed issues such as safety, 

erosion protection and water quality. 

 

The pre-development runoff rates are not significantly increased due to the proposed 

improvements.  Since runoff quantities are small, impacts to downstream facilities should be 

insignificant. 

 

Per PR #1 and, three separate LID measures are incorporated into the project design: 

1. Roof runoff is directed into vegetated areas per §B.2.v 

2. Runoff from walkways is directed onto vegetated areas (safely away from the building 

foundations and footings) per §B.2.v 

3. To minimize impervious surfaces, driveway is constructed with permeable surface 

4. To limit disturbance to creeks and drainage features, and limit clearing and grading of 

vegetation, development is set back from environmentally sensitive areas 

5. Compaction of permeable soils is limited by the installation of pervious pavers with a 

gravel retention bed to allow for increased percolation 

 

Per PR #2, several nonretention based treatment systems were included in the project design: 

1. Pervious pavers with gravel filtration base 

2. Vegetative swales 

3. FloGard roof drains 

4. Flo Gard trash & debris guard 

 

Several vegetated swales are proposed throughout the project site.  The swales convey the runoff 

through the project site and then outlet toward Little Cayucos Creek. 

 

Roof downspout disconnects are proposed to outlet to pervious areas, wherever feasible.  

 

Volume based water quality treatment is provided by permeable driveway.  Flow based water 

quality treatment filters runoff from the building roofs and s provided by the FloGard Downspout 

Filter installed in each downspout. 

 

The maximum expected runoff from Birch Avenue improvements is estimated and is also treated 

by the FloGard Trash & Debris Guard. 

 

Both the on-site and off-site storm drainage facilities must be maintained to continue to work as 

designed.  Particular items requiring maintenance include, but are not limited to, cleaning of the 

grates, removal of foreign materials from storm drainage pipes, maintenance as necessary to outlet 
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facilities, and repairs as necessary to damaged facilities.  A Constructive Notification for Private 

Stormwater Conveyance Management and Maintenance System is required to be signed and 

notarized by the owner and recorded against the properties.  The Constructive Notification 

describes the sites stormwater conveyance system and ongoing maintenance of the drainage 

facilities.  The current property owner will be required to complete periodic self-inspections, fill 

out a post construction maintenance checklist of the Project Stormwater Management System and 

submit an annual report to the County Planning and Building Department prior to June 15
th

 each 

year. 

Any work done in this area shall conform to Federal, State, and local requirements. 
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61 Birch Avenue

Hydrologic Calculations
8/17/2014

Q= CIA

Tributary Areas (A)

DMA A1 4,588 DMA B1 3,103

DMA A2 4,981 DMA B2 1,146

DMA A3 11,555 DMA B3 2,463

Birch Ave 4,026 DMA B4 3,158

Pervious Driveway 

(Lot 7) 1,257 DMA B5 1,558

Roofs 4,386

Pervious 

Driveway 3,266

C Values

Pervious areas using County Standard H-3A

Relief

Soil 

Infiltration

Vegetal 

Cover

Surface 

Storage

Composite C 

Value

Runoff 

Coefficient

AC Base 0.16 0.1 0.16 0.10 0.52 Roof Area 0.95

Pervious Driveway 0.20 0.12 0.16 0.12 0.60 AC Pavement 0.95

Swales 0.14 0.08 0.16 0.09 0.47 AC Base 0.52

Undeveloped 0.14 0.08 0.12 0.12 0.46 Pervious Driveway 0.60

Swales 0.47

Undeveloped 0.46

Roofs

AC 

Pavement AC Base

Pervious 

Driveway Swales Undeveloped Total Area C

A1 4,588 sf 4,588 sf 0.52

A2 63 sf 4,918 sf 4,981 sf 0.47

A3 1,434 sf 10,121 sf 11,555 sf 0.52

B1 3,103 sf 3,103 sf 0.46

B2 1,146 sf 1,146 sf 0.46

B3 2,463 sf 2,463 sf 0.46

B4 3,158 sf 3,158 sf 0.46

B5 831 sf 727 sf 1,558 sf 0.72

A1 4,588 sf 0 sf 4,588 sf 0.95

A2 63 sf 1,257 sf 3661 sf 4,981 sf 0.50

A3 1,434 sf 10,121 sf 11,555 sf 0.95

B1 2,426 sf 111 sf 1489 sf 4,026 sf 0.54

B2 915 sf 342 sf 1,257 sf 0.82

B3 2026 sf 437 sf 2,463 sf 0.86

B4 1,716 sf 1,082 sf 360 sf 3,158 sf 0.77

B5 831 sf 727 sf 1,558 sf 0.73

Rainfall Intensity (I)

L (ft) H (ft) Tc (min)

A1 130 11 0.9 Storm Event Tc = 10 min Tc = 10 hr Tc = 15 min Tc = 30 min

A2 166 10 1.2 I2 1.7 0.22 1.4 1

A3 215 9 1.7 I10 2.8 0.38 2.4 1.6

B1 86 8 0.6 I25 3.2 0.5 2.7 1.9

B2 32 1 0.4 I50 3.7 0.58 3.1 2.1

B3 63 3 0.6 I100 4 0.62 3.4 2.3

B4 67 6 0.5 Rainfall Intensity (I) per Count Standard H-4. 

B5 127 5 1.1 Average annual rainfall for Cayucos is approximately 18” per County Standard H-1.

Tc is based on County Standard H-2. Tc of 10 min is used

Runoff (Q)

Q= CIA

Q2 Q10 Q25 Q50 Q100

A1 0.09 0.15 0.18 0.20 0.22

A2 0.09 0.15 0.17 0.20 0.22

A3 0.24 0.39 0.45 0.52 0.56

B1 0.06 0.09 0.11 0.12 0.13

B2 0.02 0.03 0.04 0.05 0.05

B3 0.04 0.07 0.08 0.10 0.10

B4 0.06 0.09 0.11 0.12 0.13

B5 0.04 0.07 0.08 0.10 0.10

Q2 Q10 Q25 Q50 Q100

A1 0.17 0.28 0.32 0.37 0.40

A2 0.10 0.16 0.19 0.21 0.23

A3 0.43 0.71 0.81 0.94 1.02

B1 0.09 0.14 0.16 0.19 0.20

B2 0.04 0.07 0.08 0.09 0.10

B3 0.08 0.14 0.16 0.18 0.20

B4 0.10 0.16 0.18 0.21 0.23

B5 0.04 0.07 0.08 0.10 0.10

Post-Development

Offisite Areas, sf Onsite Areas, sf

Project Rainfall Intensity, I (in/hr)

Pre-Development

Pre-Development

Post-Development

K:\11 SLO\11-00215\Drainage Study\Flow rate calc.xls



 61 Birch Avenue

Permeable Pavement

8/15/2014

Permeable Driveway Gravel Layer Depth

D = V/ (An)

A (sf) I (in) V (cf) n d (ft)

Permeable 

Driveway

85
th

 percentile, 

24 hr

Treatment 

Required

Porosity 

Gravel  

Layer

Min Depth 

Gravel Layer

4523 0.9 339 0.32 0.23

K:\11 SLO\11-00215\Drainage Study\Flow rate calc.xls
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Channel Report

Hydraflow Express Extension for Autodesk® AutoCAD® Civil 3D® by Autodesk, Inc. Friday, Aug 15 2014

Earthen Swale

Triangular
Side Slopes (z:1) =  3.00, 3.00
Total Depth (ft) =  0.50

Invert Elev (ft) =  44.00
Slope (%) =  1.30
N-Value =  0.018

Calculations
Compute by: Known Q
Known Q (cfs) =  1.64

Highlighted
Depth (ft) =  0.42
Q (cfs) =  1.640
Area (sqft) =  0.53
Velocity (ft/s) =  3.10
Wetted Perim (ft) =  2.66
Crit Depth, Yc (ft) =  0.46
Top Width (ft) =  2.52
EGL (ft) =  0.57

0 .5 1 1.5 2 2.5 3 3.5 4

Elev (ft) Depth (ft)
Section

43.75 -0.25

44.00 0.00

44.25 0.25

44.50 0.50

44.75 0.75

45.00 1.00

Reach (ft)



Channel Report

Hydraflow Express Extension for Autodesk® AutoCAD® Civil 3D® by Autodesk, Inc. Friday, Aug 15 2014

Cobble Swale

Triangular
Side Slopes (z:1) =  5.00, 5.00
Total Depth (ft) =  0.50

Invert Elev (ft) =  38.00
Slope (%) =  1.30
N-Value =  0.025

Calculations
Compute by: Known Q
Known Q (cfs) =  1.64

Highlighted
Depth (ft) =  0.39
Q (cfs) =  1.640
Area (sqft) =  0.76
Velocity (ft/s) =  2.16
Wetted Perim (ft) =  3.98
Crit Depth, Yc (ft) =  0.37
Top Width (ft) =  3.90
EGL (ft) =  0.46

0 1 2 3 4 5 6 7

Elev (ft) Depth (ft)
Section

37.75 -0.25

38.00 0.00

38.25 0.25

38.50 0.50

38.75 0.75

39.00 1.00

Reach (ft)
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