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1.0 INTRODUCTION

The objective of this hydraulic study is to evaluate the proposed storm water conveyance
system for the improvements along Avenida Encinas. This Hydraulic Study has been prepared
to comply with the methods and standards set forth by the County of San Diego’s Hydrology
Manual (June 2003) and the County of San Diego Hydraulic Design Manual (September 2014).
This report includes an analysis of the 6 drainage basin areas that are associated with the
proposed improvements along Avenida Encinas, and also the proposed curb inlets designed to
capture the onsite storm water generated from drainage basins A2, B2, C1, and C2 (see

Appendix C).
1.1 PROJECT LOCATION

The project is located along Avenida Encinas from Palomar Airport Road to Embarcadero Lane
in the City of Carlsbad.
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1.2 PROJECT DESCRIPTION

Avenida encinas is scheduled to be improved along approximately a 5400-foot stretch ranging
from Palomar Airport Road to approximately Embarcadero Lane. The proposed improvements
include the partial roadway widening of Avenida Encinas to include a new sidewalk, medians
with parkways with landscaping, biofiltration planters, and bike lanes along the road.

13 EXISTING DRAINAGE

The existing drainage patterns near the proposed site located on Avenida Encinas consists of
roadway and commercial sheet flow. Runoff from the street is collected into the curb and
gutter on the west/east sides of the street. The existing drainage is considered to be three
basins. Basins A, B, and C. Basin A is the north part of Avenida Encinas, which receives sheet
flow from the street into the curb and gutter and discharges to an existing metal flume on the
west side and to the east to an existing curb inlet. Basin B, is considered to be the middle
section of the road. This basin receives sheet flow onto curb and gutter and discharges to west
and east into an existing curb inlet. Basin C is the south portion of Avenida Encinas, which
receives flow from the road and sheet flows to a low point were runoff is collected via concrete
headwall that connects to a 36” RCP pipe. All three basins discharge west to the Encinas Creek
and ultimately discharge to the Pacific Ocean.

Run-on from the adjacent private properties is not included in the calculations for this report.
Only drainage from the roadway was used to for the hydrologic analysis.

1.4 PROPOSED DRAINAGE

The proposed drainage consists of roadway sheet flow that is collected into curb and gutter
system and discharge directly through curb cuts in which runoff can discharge to the proposed
planters or can also discharge to the proposed curb inlets. Runoff from the street is treated by
the biofiltration planters per County of San Diego Green Streets Design Criteria. See Proposed
Hydrology Exhibit Appendix C. The site was divided into six basins in which drain to three
existing low points of Avenida Encinas. Basin 1A consists the existing north east half of the road
and portion of the proposed landscape median. Runoff sheet flows directly to an existing curb
inlet that connects to a storm drain pipe and discharge to the Encinas Creek. Basin 2A consists
of the north west half of the road, which consists of portion of the existing road and the
proposed widening of the road, new sidewalk, median, and parkway. Runoff is collected into
planters and curb inlet, which discharges to Encinas Creek. Basin B1 consists of the top portion
of the existing road and proposed landscaped medians. Runoff collected from this side of the
road drains directly to an existing curb inlet, and connects to a 36” RCP that discharges to an
exiting triple box culvert that discharges to Encinas Creek. Basin B2 is the other north west side
of the road that consist of portion of the existing road and the widen road with the proposed



sidewalk, parkway, and medians. Runoff discharges directly into an existing curb inlet that also
connects to the triple box culvert via an 18” RCP pipe. Basin C1 consists of a portion of existing
road, and the proposed widening, sidewalk, parkway, and median. Runoff sheet flows into
planters and proposed curb inlet and connect to an existing 36” RCP that connects to an
existing type F inlet and connects to another 36” RCP before discharging to the Encinas Creek.
Lastly, Basin C2 consists of half of the south west road that includes portion of existing road,
portion of the proposed widening, proposed sidewalk, parkway, and medians. Runoff
discharges to a proposed curb inlet that connects a proposed 36” RCP that connects to the
proposed curb inlet on the east side of the road to connect to the existing storm drain system
and discharge to the Encinas Creek. All of the storm drains systems connect and eventually
discharge to the Pacific Ocean.

2.0 METHODOLOGY

2.1 HYDROLOGY

Hydrologic analysis was conducted to determine the 100-year design storm peak runoff rate to
the proposed Type-B inlets. All hydrologic analysis was prepared using the rational method in
accordance with the San Diego County Hydrology Manual (See Appendix A for calculations).

2.1.1 Rational Method
The rational method formula estimates the peak rate or runoff at any location within a
watershed. The rational method assumes that the peak runoff rate is generated from
constant rainfall intensity over an area for a specific duration of time. The duration of time is
equal to the time of concentration which is defined as the time required for a rain drop to
fall at the most upstream point in the tributary drainage basin to the point in question. The
rational method equation is as follows:

Q=CIA
Where
Q = Peak Discharge Rate (cfs)
C = Runoff Coefficient
| = Rainfall Intensity (in/hr)
A = Tributary Area (acres)

2.1.2 Runoff Coefficient
The runoff coefficient is the percentage of excess rainfall that will flow overland at the point
of interest. The runoff coefficient is based on the surface type and the soil type. The runoff
coefficient can be represented by the equation below:

C=0.9 (%imp) + Cp (% pervious)



Where:

C = Runoff Coefficient

% imp = Percent of impervious surface with 90% runoff
% per = Percent of pervious surfaces (%per = 1 - %imp)
Cp = Pervious Runoff Coefficient based on soil type

For the Avenida Encinas hydrology drainage area the pervious runoff coefficient is assumed
to be Type D hydrologic soils with a Cp = 0.35.

2.1.3 Rainfall Intensity
The rainfall intensity (I) is the constant rate of rainfall over the tributary area for a duration
of time that is equal to the time of concentration for a selected design storm frequency. To
estimate the rainfall intensity an Intensity-Duration design chart (Figure 3-1 of the Hydrology
Manual) was used. The Intensity-Duration design chart is modeled after the following
equation:

| =7.44 P¢D 5%
Where

| = Rainfall intensity specific to Design storm (in/hr)
Ps = 6-hour storm rainfall amount (in)
D = Storm Duration which equals the Time of Concentration, Tc

The 6-hour rainfall amount is determined for the storm event in question from Isopluvial
Maps located in Appendix B of the Hydrology Manual. For Avenida Encinas, the 100-year
design storm was analyzed for the road way drainage. The 6-hour storm rainfall amount is as
follows:

100 Year Storm Event Pe=2.6in

2.1.4 Time of Concentration
The time of concentrations (Tc) is the time required for the runoff to flow from the most
remote part of the drainage area to the point of interest. The time of concentration is
calculated as the sum of the initial time of concentration (T;) and the travel time (T).

Tc=Ti+ Tt

Initial Time of Concentration

The initial time of concentration is based on sheet flow conditions at the upstream portion of
the drainage basin. Sheet flow conditions are analyzed using the Overland Time of Flow
developed by the Federal Aviation Agency (FAA). This method is based on the following
equation:



T = 1.8+(1.1-C)VD
T
Where:

Ti = Initial time of concentration (min)
C = Weighted runoff coefficient

D = Distance or length of sheet flow (ft)
S = Slope of sheet flow (%)

Travel Time

The travel time is the time required for the runoff to flow in a channelized flow condition
from the upper portion of the watershed to the point of interest. The channel velocity is
calculated assuming the uniform flow conditions thus validating the Manning Equation. The

velocity is then converted to the travel time by following equation:
L

T,= —
60V
Where: Tt = Travel Time (min)

L = length of channel (ft)
V = Flow velocity in channel (ft/s)

2.2 HYDRAULIC DESIGN CRITERIA

The roadway widening improvements for Avenida Encinas include the installation of three new
curb inlets Type-B per SDRSD D-02 and biofiltration planters that will collect onsite storm water
from corresponding hydrology basins. The roadway drainage system will capture storm water
runoff in the curb and gutter system and discharge into the corresponding curb inlets. The
proposed curb inlet has been sized using the rational method in accordance with the San Diego
County Hydrology Manual. The 100-year flow rates calculated by the rational method are used
to design the length of the inlet openings that are required to capture 100% of the storm water
generated by the storm event for the basin area.

221 Inlet Capacity Design
Inlet capacity is critical to intercepting roadway drainage. Inlets on a continuous grade must
be designed to intercept a minimum of 85 percent of the peak discharge from the 50-year
design storm. Inlets located in a sump condition must fully intercept the peak discharge
from the 100-year design event.



To intercept the excess storm water from the road curb and gutter system, three Type-B
curb inlets per San Diego’s Regional standard drawings will be placed along the alignment of
Avenida Encinas. This places the inlet into a sump condition based on the following
assumption: 1) the inlet capacity is greater than the approaching excess storm water.

The inlet capacity for the Type-B curb inlets were analyzed under both weir and orifice
conditions. The inlet capacity governed by the weir condition is calculated as:

Q=C,L,d*? For Curb Inlets

Where:

Q =inlet capacity governed by weir flow (cfs)
Cw = Weir Coefficient (Cy = 3.00)

Lw = Effective Weir Length (Curb Opening) (ft)
d = flow depth (ft)

The inlet capacity governed by the orifice flow condition is calculated as:

Q = C,hL(2gd)'/*For Curb Inlets

Where:

Q = inlet capacity governed by orifice flow (cfs) L = Curb Opening Length

C, = Orifice Coefficient (Co = 0.67) g = gravitational acceleration (32.2 ft/s?)
h = Curb Opening Height d = effective depth of flow at curb face (ft)

Note: See Appendix B for the Hydrologic Assessment and sizing of the proposed Type B curb inlets.

3.0 SOFTWARE USED

Computer aided software will be used to assist in hydraulic modeling of the storm water
conveyance system. Programs used for hydraulic analysis are Autodesk Hydraflow Storm
Sewers 2018.

Autodesk Hydraflow Storm Sewers 2018
Hydraflow will be used to analyze the hydraulic grade line for the underground storm drain

system within the roadway. Hydraflow Storm Sewer uses the energy-based standard step
method to compute the hydraulic profile. This method is an iterative procedure that applies



Bernoulli’s Energy Equation between the downstream and upstream ends of each line in the
system. It uses Manning’s equation to determine head losses due to pipe friction. Using this
method, a solution can always be found regardless of the flow regime. This method makes no
assumptions as to depth of flow and is only accepted when the energy equation has balanced.

4.0 SUMMARY

The hydraulic calculations shown in this report provide a base understanding of what is
required for the proposed curb inlets drainage facilities. The 100% improvements plans propose
the widening of Avenida encinas that includes new sidewalks, parkways, medians, curb ramps,
biofiltration planters, curb and gutter, new storm drain pipes, and curb inlets. The proposed
development will create new impervious areas, thus increasing storm water runoff. The
following is a summary of the Hydrology Calculations that are attached at the end of this report.
For more information on the hydrology calculations and hydrologic assessment that was used
for the curb inlets sizing see Appendix B.

Rainfall Precipitation Depths 100 Year
Event
Ps= 2.6
P2s= 4.5
P6/P24= 57.77%

. Time of
. Tributary Runoff Concentration Rainfall Intensity, I Runoff
Basin Area, Coefficient. C ) ) Rate,
A (acres) ’ (min) " Q (cfs)
Al 1.14 0.88 6.71 5.67 5.72
A2 1.28 0.84 7.70 5.19 5.55
B1 1.95 0.87 7.91 5.09 8.61
B2 1.94 0.85 7.22 5.40 8.85
Cl 1.67 0.86 12.33 3.83 5.52
C2 2.03 0.79 12.98 3.70 5.90

4.1 HYDROLOGIC ASSESSMENT




Hydrologic assessment was conducted to determine the 100-year design storm peak runoff rate
to the proposed Type-B curb inlets. Basin A2 was calculated to have a runoff flow rate of 5.55
cfs flowing into the Type B inlet. The flow rate of Basin A2 was used to find the minimum length
of 3 feet for the cub inlet in a sump condition. Basin C1 was determined to have a peak runoff
rate of 5.52 cfs, the curb inlet was then sized to have a minimum curb opening of 3 feet. Lastly,
Basin C2 was calculated to have a peak runoff rate of 5.90 cfs, the curb inlet was sized to have a
minimum curb opening of 3 feet. All proposed curb inlets were designed to intercept 100% of
the peak runoff generated by their respective hydrologic areas. See Appendix B for more
information and calculations.

REFERENCES

County of San Diego Standard Urban Storm water Mitigation Plan Requirements for Development
Applications by San Diego County, Dated January 8, 2011

Best Management Practices for Erosion and Sediment Control & Storm Water Retention/Detention by
San Diego County Association of Resource Conservation Districts, San Diego County Edition

County of San Diego County Hydrology Manual prepared by the County of San Diego Department of
Public Works, Flood Control Section, June 2003

San Diego County Hydraulic Design Manual by County of San Diego Department of Public Works, Flood
Control Section, September 2014
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BASIN DATA: PROPOSED CONDITIONS (BASIN Al)

Runoff Coefficient
Sub Area
Area (acres) % Impervious % Pervious Description C Value
Basin
A1 1.14 97.1% 2.9% Street/Landscaping/Planter 0.88

Hydrologic Soil Type D

Time of concentration

Sheet Flow T i‘fﬂ_’q;’:__i
Basin Node C Value L (ft) A Height (ft) Slope (%) T; (min)

A1 0.88 51.00 0.50 0.98 2.80
Channelized Flow T = L

 BlY
Channel Channel Average Q

Basin Description Node Length (ft) A Height (ft) (cfs) Velocity (fps) T; (min)

A1 Gutter Flow 1230.00 32.40 2.86 5.24 3.91

Total Time of Concentration

Basin T; (min) T¢ (min) Tc (min)
A1 2.80 3.91 6.71
100 YEAR - 6 HOUR Storm Pe= 2.6in i = TA4P,T. 08
Basin C Value T. (mins) Intensity (i"lh,) Area (acres) Runoff (Q, cfs)
A1 0.88 6.71 5.67 1.14 5.72

Note: See the charts and graphs used for the hydrologic calculations at the end of this study.

BASIN SUMMARY

5.72 cfs
Runoff to existing curb inlet at low point of Basin A1.


danielq
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BASIN DATA: PROPOSED CONDITIONS (BASIN A2)

Runoff Coefficient
Sub Area
Area (acres) % Impervious % Pervious Description C Value
Basin
A2 1.28 88.3% 1.7% Street/Landscaping/ Planter 0.84

Hydrologic Soil Type D

Time of concentration

Sheet Flow T i‘fﬂ_’q;’:__i
Basin Node C Value L (ft) A Height (ft) Slope (%) T; (min)

A2 0.84 35.00 0.17 0.49 3.58
Channelized Flow T = L

 BlY
Channel Channel Average Q

Basin Description Node Length (ft) A Height (ft) (cfs) Velocity (fps) T; (min)

A2 Gutter Flow 1300.00 34.45 2.78 5.26 412

Total Time of Concentration

Basin T; (min) T¢ (min) Tc (min)
A2 3.58 412 7.70
100 YEAR - 6 HOUR Storm Pe= 26in i = TA4P,T. 08
Basin C Value T. (mins) Intensity (i"lh,) Area (acres) Runoff (Q, cfs)
A2 0.84 7.70 5.19 1.28 5.55

Note: See the charts and graphs used for the hydrologic calculations at the end of this study.

BASIN SUMMARY

5.55 cfs
Runoff to proposed Type B curb inlet at low point of Basin A2.
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BASIN DATA: PROPOSED CONDITIONS (BASIN B1)

Runoff Coefficient
Sub Area
Area (acres) % Impervious % Pervious Description C Value
Basin
B1 1.95 93.7% 6.3% Street/Landscaping 0.87

Hydrologic Soil Type D

Time of concentration

Sheet Flow T i‘fﬂ_’q;’:__i
Basin Node C Value L (ft) A Height (ft) Slope (%) T; (min)

B1 0.87 32.00 0.32 1.00 2.39
Channelized Flow T = L

 BlY
Channel Channel Average Q

Basin Description Node Length (ft) A Height (ft) (cfs) Velocity (fps) T; (min)

B1 Gutter Flow 1070.00 10.68 4.31 3.23 5.53

Total Time of Concentration

Basin T; (min) T¢ (min) Tc (min)
B1 2.39 5.53 7.91
100 YEAR - 6 HOUR Storm Pe= 26in i = TA4P,T. 08
Basin C Value T. (mins) Intensity (i"lh,) Area (acres) Runoff (Q, cfs)
B1 0.87 7.91 5.09 1.95 8.61

Note: See the charts and graphs used for the hydrologic calculations at the end of this study.

BASIN SUMMARY

8.61 cfs
Runoff to existing curb inlet at low point of Basin B1.


valeriac
Text Box
(BASIN B1)


BASIN DATA: PROPOSED CONDITIONS (BASIN B2)

Runoff Coefficient
Sub Area
Area (acres) % Impervious % Pervious Description C Value
Basin
B2 1.94 90.3% 9.7% Street/Landscaping 0.85

Hydrologic Soil Type D

Time of concentration

Sheet Flow T i‘fﬂ_’q;’:__i
Basin Node C Value L (ft) A Height (ft) Slope (%) T; (min)

B2 0.85 50.00 0.73 1.46 2.84
Channelized Flow T = L

 BlY
Channel Channel Average Q

Basin Description Node Length (ft) A Height (ft) (cfs) Velocity (fps) T; (min)

B2 Gutter Flow 1217.00 25.03 443 4.63 4.38

Total Time of Concentration

Basin T; (min) T¢ (min) Tc (min)
B2 2.84 4.38 7.22
100 YEAR - 6 HOUR Storm Pe= 26in i = TA4P,T. 08
Basin C Value T. (mins) Intensity (i"lh,) Area (acres) Runoff (Q, cfs)
B2 0.85 7.22 5.40 1.94 8.85

Note: See the charts and graphs used for the hydrologic calculations at the end of this study.

BASIN SUMMARY

8.85 cfs
Runoff to existing curb inlet at low point of Basin B2.
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BASIN DATA: PROPOSED CONDITIONS (BASIN C1)

Runoff Coefficient
Sub Area
Area (acres) % Impervious % Pervious Description C Value
Basin
C1 1.67 93.2% 6.8% Street/Landscaping/Planter 0.86

Hydrologic Soil Type D

Time of concentration

Sheet Flow T i‘fﬂ_’q;’:__i
Basin Node C Value L (ft) A Height (ft) Slope (%) T; (min)

C1 0.86 31.00 0.73 2.00 1.89
Channelized Flow T = L

 BlY
Channel Channel Average Q

Basin Description Node Length (ft) A Height (ft) (cfs) Velocity (fps) T; (min)

C1 Gutter Flow 1485.00 7.99 2.76 2.37 10.44

Total Time of Concentration

Basin T; (min) T¢ (min) Tc (min)
C1 1.89 10.44 12.33
100 YEAR - 6 HOUR Storm Pe= 2.6in i = TA4P,T. 08
Basin C Value T. (mins) Intensity (i"lh,) Area (acres) Runoff (Q, cfs)
C1 0.86 12.33 3.83 1.67 5.52

Note: See the charts and graphs used for the hydrologic calculations at the end of this study.

BASIN SUMMARY

5.52 cfs
Runoff to proposed Type B curb inlet at low point of Basin C1.
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BASIN DATA: PROPOSED CONDITIONS (BASIN C2)

Runoff Coefficient
Sub Area
Area (acres) % Impervious % Pervious Description C Value
Basin
Cc2 2.03 79.3% 20.7% Street/Landscaping/Planter 0.79

Hydrologic Soil Type D

Time of concentration

Sheet Flow T i‘fﬂ_’q;’:__i
Basin Node C Value L (ft) A Height (ft) Slope (%) T; (min)

Cc2 0.79 48.00 0.73 2.00 3.1
Channelized Flow T = L

 BlY
Channel Channel Average Q

Basin Description Node Length (ft) A Height (ft) (cfs) Velocity (fps) T; (min)

C2 Gutter Flow 1430.00 7.99 2.95 2.41 9.87

Total Time of Concentration

Basin T; (min) T¢ (min) Tc (min)
Cc2 3.1 9.87 12.98
100 YEAR - 6 HOUR Storm Pe= 2.6in i = TA4P,T. 08
Basin C Value T. (mins) Intensity (i"lh,) Area (acres) Runoff (Q, cfs)
C2 0.79 12.98 3.70 2.03 5.90

Note: See the charts and graphs used for the hydrologic calculations at the end of this study.

BASIN SUMMARY

5.90 cfs
Runoff to proposed Type B curb inlet at low point of Basin C2.
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Channelized Flow Analysis

Basin B2 - Gutter Flow

Basin A2 - Gutter Flow

L= 1217.00 ft

H= 2503 ft
S= 0.021 ft/ft

Gutter Flow - Manning

L=
H=
S=

1300.00 ft
3445 ft
0.027  ft/ft

Gutter Flow - Manning

D 6.00 in

A 4.75 ft?

P 25.60 ft

R 0.19 ft

n 0.015 Concrete
S 0.021 ft/ft

V 4,63 ft/s

D 6.00 in

A 4.75 ft?

P 25.60 ft

R 0.19 ft

n 0.015 Concrete
S 0.027 ft/ft

Vv 5.26 ft/s

Basin C2 - Gutter Flow

Basin C1 - Gutter Flow

L= 1430.00 ft
H= 799 ft

S= 0.006 ft/ft

Gutter Flow - Manning

L=
H=
S=

1485.00 ft
799 ft
0.005 ft/ft

Gutter Flow - Manning

D 6.00 in

A 4.75 ft?

P 25.60 ft

R 0.19 ft

n 0.015 Concrete
S 0.006 ft/ft

\% 2.41 ft/s

D 6.00 in

A 4.75 ft?

P 25.60 ft

R 0.19 ft

n 0.015 Concrete
S 0.005 ft/ft

\ 2.37 ft/s

Basin Al - Gutter Flow

Basin B1 - Gutter Flow

L= 1230.00 ft
H= 3240 ft
S= 0.026 ft/ft

Gutter Flow - Manning

L=
H=
S=

1070.00 ft
10.68 ft
0.010 ft/ft

Gutter Flow - Manning

D 6.00 in

A 4.75 ft?

P 25.60 ft

R 0.19 ft

n 0.015 Concrete
S 0.026 ft/ft

\% 5.24 ft/s

D 6.00 in

A 4.75 ft?

P 25.60 ft

R 0.19 ft

n 0.015 Concrete
S 0.010 ft/ft

\% 3.23 ft/s




Legend

Manning Coefficients

D = depth of flow Assumed Full
A = Cross Sectional area of flow
P = Wetted perimeter

R = hydraulic radius (A/P) Assumed Full
n = Manning Coefficient of Roughness

S = slope of the channel

V = manning velocity of channelized flow

Asphalt 0.016
Concrete 0.015
Grass 0.25
Earth

(weedy) 0.03
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Basin A2 Curb Inlet Analysis

Typical Curb Inlet

C | A
0.84 5.19 1.28
Curb Inlet Analysis Weir
Approach Flow Inlet Geometry
100y Minimum
. .. ear .
. . Weir Coefficient Flow depth Required Curb
DMAID Stat Description
ation P (cw) Storm Qapproach (d) (ft) Inlet Opening,
(cfs) Lw (ft)
PROPOSED INLETS
A2 2?;23?_':’9 CURB INLET TYPE-B 3.0 5.55 0.83 2.4
Curb Inlet Analysis Orifice
Approach Flow Inlet Geometry
100y Minimum
. .. ear .
. . Weir Coefficient Flow depth Required Curb
DMAID Stat Description
ation P (cw) Storm Qapproach (d) (ft) Inlet Opening,
(cfs) Lw (ft)
PROPOSED INLETS
A2 23+36.39 CURB INLET TYPE-B 3.0 5.55 0.83 1.4

25'RT




Channel Report

Hydraflow Express Extension for Autodesk® Civil 3D® by Autodesk, Inc.

Curb Inlet Analysis Basin A2

Wednesday, Jan 24 2024

Depth (ft)

1.00

0.75

Gutter Highlighted

Cross SI, Sx (ft/ft) = 0.020 Depth (ft) = 0.32
Cross S, Sw (ft/ft) = 0.083 Q (cfs) = 5.550
Gutter Width (ft) = 1.50 Area (sqft) = 1.34
Invert Elev (ft) = 100.00 Velocity (ft/s) = 414
Slope (%) = 2.00 Wetted Perim (ft) = 11.60
N-Value = 0.015 Crit Depth, Yc (ft) = 0.41

Spread Width (ft) = 11.27

Calculations EGL (ft) = 0.59
Compute by: Known Q

Known Q (cfs) = 5.55

Elev (ft) Section
101.00
100.75
100.50
100.25 //
100.00

99.75

0 5 10 15 20 25 30 35

Reach (ft)

0.50

0.25

0.00

-0.25



Basin C1 Curb Inlet Analysis

Typical Curb Inlet

C | A
0.86 3.83 1.67
Curb Inlet Analysis Weir
Approach Flow Inlet Geometry
Minimum
DMAID | station Description Weir Coefficient 100 Year Flow depth | Required Curb
(cw) N 5t°'"(' " (d) (ft) Inlet Opening,
pproach {CTS Lw (ft)
PROPOSED INLETS
Cc1 512?1?1 CURB INLET TYPE-B 3.0 5.52 0.83 2.4
Curb Inlet Analysis Orifice
Approach Flow Inlet Geometry
Minimum
DVMAID | station Description Weir Coefficient 100 Year Flow depth | Required Curb
(cw) N 5t°'"(' " (d) (ft) Inlet Opening,
pproach {CTS Lw (ft)
PROPOSED INLETS
Cc1 512?1?1 CURB INLET TYPE-B 3.0 5.52 0.83 1.3




Channel Report

Hydraflow Express Extension for Autodesk® Civil 3D® by Autodesk, Inc.

Curb Inlet Analysis Basin C1

Wednesday, Jan 24 2024

Depth (ft)

1.00

0.75

Gutter Highlighted

Cross SI, Sx (ft/ft) = 0.020 Depth (ft) = 0.32

Cross S, Sw (ft/ft) = 0.083 Q (cfs) = 5.520

Gutter Width (ft) = 1.50 Area (sqft) = 1.33

Invert Elev (ft) = 100.00 Velocity (ft/s) = 4.15

Slope (%) = 2.00 Wetted Perim (ft) = 11.55

N-Value = 0.015 Crit Depth, Yc (ft) = 0.41
Spread Width (ft) = 11.22

Calculations EGL (ft) = 0.59

Compute by: Known Q

Known Q (cfs) = 5.52

Elev (ft) Section

101.00

100.75

100.50

=~ /

100.25 //

100.00
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Basin C2 Curb Inlet Analysis

Typical Curb Inlet
C | A
0.79 3.70 2.03
Curb Inlet Analysis Weir

Approach Flow Inlet Geometry
Minimum
L Weir Coefficient 100 Year Flow depth | Required Curb
DMA ID Stati Description
ation P (cw) Storm (d)(f) | Inlet Opening,
Qapproach (CfS) Lw (ft)
PROPOSED INLETS
Cc2 53227,?_:1 CURB INLET TYPE-B 3.0 5.90 0.83 2.59

Curb Inlet Analysis Orifice

Approach Flow

Inlet Geometry

Minimum
L Weir Coefficient 100 Year Flow depth | Required Curb
DMA ID Stati Description
aron y (cw) Storm (d) (ft) Inlet Opening,
Qapproach (CfS) Lw (ft)
PROPOSED INLETS
C2 5?,24—57,?_:1 CURB INLET TYPE-B 3.0 5.90 0.83 1.44




Channel Report

Hydraflow Express Extension for Autodesk® Civil 3D® by Autodesk, Inc.

Curb Inlet Analysis C2

Wednesday, Jan 24 2024

Depth (ft)

1.00

0.75

Gutter Highlighted
Cross SI, Sx (ft/ft) = 0.020 Depth (ft) = 0.32
Cross S, Sw (ft/ft) = 0.083 Q (cfs) = 5.900
Gutter Width (ft) = 1.50 Area (sqft) = 1.40
Invert Elev (ft) = 100.00 Velocity (ft/s) = 4.22
Slope (%) = 2.00 Wetted Perim (ft) = 11.86
N-Value = 0.015 Crit Depth, Yc (ft) = 042
Spread Width (ft) = 11.52
Calculations EGL (ft) = 0.60
Compute by: Known Q
Known Q (cfs) = 5.90
Elev (ft) Section
101.00
100.75
100.50
~ /
100.25 //
100.00
99.75
0 5 10 15 20 25 30 35

Reach (ft)

0.50

0.25
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SanGIS

We Have San Thego Covered!

Isopluvial (inches)J

Rainfall Isopluvials

County of San Diego
Hydrology Manual

100 Year Rainfall Event - 6 Hours

THIS MAP IS PROVIDED WITHOUT WARRANTY OF ANY KIND, EITHER EXPRESSJ
OR IMPLIED, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES

OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE.J

Copyright SanGIS. All Rights Reserved.J
This products may contain information from the SANDAG Regional

E Information System which cannot be reproduced without the
This product may contain information which has been reproduced with

permission granted by Thomas Brothers Maps.J

written permission of SANDAG.J
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Given: Watercourse Distance (D) = 70 Feet
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SOURCE: Airport Drainage, Federal Aviation Administration, 1965
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San Diego County Hydrology Manual Section: 3
Date: June 2003 Page: 5 of 26

C =0.90 x (% Impervious) + Cp x (1 - % Impervious)

Where:  C, = Pervious Coefficient Runoff Value for the soil type (shown in
Table 3-1 as Undisturbed Natural Terrain/Permanent Open Space,
0% Impervious). Soil type can be determined from the soil type map
provided in Appendix A.

Thevaluesin Table 3-1 are typical for most urban areas. However, if the basin containsrural
or agricultural land use, parks, golf courses, or other types of nonurban land use that are
expected to be permanent, the appropriate value should be selected based upon the soil and
cover and approved by the local agency.
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Table3-1
RUNOFF COEFFICIENTSFOR URBAN AREAS

Land Use Runoff Coefficient “C”
Soil Type
NRCS Elements County Elements % IMPER. A B C D

Undisturbed Natural Terrain ~ Permanent Open Space o* 0.20 0.25 0.30 0.35
Low Residential, 1.0 DU/A or less 10 0.27 0.32 0.36 0.41
Low Residential, 2.0 DU/A or less 20 0.34 0.38 0.42 0.46
Low Residential, 2.9 DU/A or less 25 0.38 0.41 0.45 0.49
Medium Density Residential  Residential, 4.3 DU/A or less 30 0.41 0.45 0.48 0.52
Medium Density Residential  Residential, 7.3 DU/A or less 40 0.48 0.51 0.54 0.57
Medium Density Residential  Residential, 10.9 DU/A or less 45 0.52 0.54 0.57 0.60
Medium Density Residential  Residential, 14.5 DU/A or less 50 0.55 0.58 0.60 0.63
High Density Residential Residential, 24.0 DU/A or less 65 0.66 0.67 0.69 0.71
High Density Residential Residential, 43.0 DU/A or less 80 0.76 0.77 0.78 0.79
Commercial/lndustrial Neighborhood Commercial 80 0.76 0.77 0.78 0.79
Commercial/Industrial Genera Commercial 85 0.80 0.80 0.81 0.82
Commercial/Industrial Office Professional/Commercial 90 0.83 0.84 0.84 0.85
Commercial/lndustrial Limited Industrial 90 0.83 0.84 0.84 0.85
Commercial/Industrial Genera Industrial 95 0.95 0.95 0.95 0.95

*The values associated with 0% impervious may be used for direct calculation of the runoff coefficient as described in Section 3.1.2 (representing the pervious
runoff coefficient, Cp, for the soil type), or for areas that will remain undisturbed in perpetuity. Justification must be given that the area will remain natural

forever (e.g., the areaislocated in Cleveland National Forest).

DU/A = dwelling units per acre

NRCS = National Resources Conservation Service
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	Appendix E: Hydraulic Report
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	HYDRAULIC REPORT  FOR 
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	1.0 INTRODUCTION 
	The objective of this hydraulic study is to evaluate the proposed storm water conveyance system for the improvements along Avenida Encinas. This Hydraulic Study has been prepared to comply with the methods and standards set forth by the County of San Diego’s Hydrology Manual (June 2003) and the County of San Diego Hydraulic Design Manual (September 2014). This report includes an analysis of the 6 drainage basin areas that are associated with the proposed improvements along Avenida Encinas, and also the prop
	1.1 PROJECT LOCATION 
	The project is located along Avenida Encinas from Palomar Airport Road to Embarcadero Lane in the City of Carlsbad. 
	P
	1.2 PROJECT DESCRIPTION 
	Avenida encinas is scheduled to be improved along approximately a 5400-foot stretch ranging from Palomar Airport Road to approximately Embarcadero Lane. The proposed improvements include the partial roadway widening of Avenida Encinas to include a new sidewalk, medians with parkways with landscaping, biofiltration planters, and bike lanes along the road. 
	1.3 EXISTING DRAINAGE 
	The existing drainage patterns near the proposed site located on Avenida Encinas consists of roadway and commercial sheet flow. Runoff from the street is collected into the curb and gutter on the west/east sides of the street. The existing drainage is considered to be three basins. Basins A, B, and C. Basin A is the north part of Avenida Encinas, which receives sheet flow from the street into the curb and gutter and discharges to an existing metal flume on the west side and to the east to an existing curb i
	Run-on from the adjacent private properties is not included in the calculations for this report. Only drainage from the roadway was used to for the hydrologic analysis.  
	1.4 PROPOSED DRAINAGE 
	The proposed drainage consists of roadway sheet flow that is collected into curb and gutter system and discharge directly through curb cuts in which runoff can discharge to the proposed planters or can also discharge to the proposed curb inlets. Runoff from the street is treated by the biofiltration planters per County of San Diego Green Streets Design Criteria. See Proposed Hydrology Exhibit Appendix C.  The site was divided into six basins in which drain to three existing low points of Avenida Encinas. Ba
	2.0 METHODOLOGY 
	2.1 HYDROLOGY 
	Hydrologic analysis was conducted to determine the 100-year design storm peak runoff rate to the proposed Type-B inlets. All hydrologic analysis was prepared using the rational method in accordance with the San Diego County Hydrology Manual (See Appendix A for calculations). 
	2.1.1 Rational Method 
	The rational method formula estimates the peak rate or runoff at any location within a watershed. The rational method assumes that the peak runoff rate is generated from constant rainfall intensity over an area for a specific duration of time.  The duration of time is equal to the time of concentration which is defined as the time required for a rain drop to fall at the most upstream point in the tributary drainage basin to the point in question. The rational method equation is as follows: 
	Q = CIA 
	Where Q = Peak Discharge Rate (cfs) C = Runoff Coefficient I = Rainfall Intensity (in/hr) A = Tributary Area (acres) 
	2.1.2 Runoff Coefficient 
	The runoff coefficient is the percentage of excess rainfall that will flow overland at the point of interest. The runoff coefficient is based on the surface type and the soil type. The runoff coefficient can be represented by the equation below: 
	C = 0.9 (%imp) + Cp (% pervious) 
	Where: C = Runoff Coefficient % imp = Percent of impervious surface with 90% runoff % per = Percent of pervious surfaces (%per = 1 -%imp) Cp = Pervious Runoff Coefficient based on soil type 
	For the Avenida Encinas hydrology drainage area the pervious runoff coefficient is assumed to be Type D hydrologic soils with a Cp = 0.35.  
	2.1.3 Rainfall Intensity 
	The rainfall intensity (I) is the constant rate of rainfall over the tributary area for a duration of time that is equal to the time of concentration for a selected design storm frequency. To estimate the rainfall intensity an Intensity-Duration design chart (Figure 3-1 of the Hydrology Manual) was used. The Intensity-Duration design chart is modeled after the following equation: 
	I = 7.44 PDWhere I = Rainfall intensity specific to Design storm (in/hr) 
	P = 6-hour storm rainfall amount (in) 
	D = Storm Duration which equals the Time of Concentration, Tc The 6-hour rainfall amount is determined for the storm event in question from Isopluvial Maps located in Appendix B of the Hydrology Manual. For Avenida Encinas, the 100-year design storm was analyzed for the road way drainage.  The 6-hour storm rainfall amount is as follows: 100 Year Storm Event P = 2.6 in 
	2.1.4 Time of Concentration 
	The time of concentrations (Tc) is the time required for the runoff to flow from the most remote part of the drainage area to the point of interest. The time of concentration is calculated as the sum of the initial time of concentration (Ti) and the travel time (Tt). 
	Tc = Ti + Tt 
	The initial time of concentration is based on sheet flow conditions at the upstream portion of the drainage basin. Sheet flow conditions are analyzed using the Overland Time of Flow developed by the Federal Aviation Agency (FAA). This method is based on the following equation: 
	.∗(.)√
	𝑇= 
	√
	Where: Ti = Initial time of concentration (min) C = Weighted runoff coefficient D = Distance or length of sheet flow (ft) S = Slope of sheet flow (%) 
	The travel time is the time required for the runoff to flow in a channelized flow condition from the upper portion of the watershed to the point of interest. The channel velocity is calculated assuming the uniform flow conditions thus validating the Manning Equation. The velocity is then converted to the travel time by following equation: 
	𝐿 
	𝑇= 
	Where: Tt = Travel Time (min) L = length of channel (ft) V = Flow velocity in channel (ft/s) 
	2.2 HYDRAULIC DESIGN CRITERIA 
	The roadway widening improvements for Avenida Encinas include the installation of three new curb inlets Type-B per SDRSD D-02 and biofiltration planters that will collect onsite storm water from corresponding hydrology basins. The roadway drainage system will capture storm water runoff in the curb and gutter system and discharge into the corresponding curb inlets. The proposed curb inlet has been sized using the rational method in accordance with the San Diego County Hydrology Manual. The 100-year flow rate
	2.2.1 Inlet Capacity Design 
	Inlet capacity is critical to intercepting roadway drainage. Inlets on a continuous grade must be designed to intercept a minimum of 85 percent of the peak discharge from the 50-year design storm. Inlets located in a sump condition must fully intercept the peak discharge from the 100-year design event. 
	To intercept the excess storm water from the road curb and gutter system, three Type-B curb inlets per San Diego’s Regional standard drawings will be placed along the alignment of Avenida Encinas. This places the inlet into a sump condition based on the following assumption: 1) the inlet capacity is greater than the approaching excess storm water. 
	The inlet capacity for the Type-B curb inlets were analyzed under both weir and orifice conditions. The inlet capacity governed by the weir condition is calculated as: 
	/ 
	For Curb Inlets 
	Where: Q = inlet capacity governed by weir flow (cfs) w = Weir Coefficient (Cw = 3.00) W = Effective Weir Length (Curb Opening) (ft) d = flow depth (ft) 
	The inlet capacity governed by the orifice flow condition is calculated as: 
	𝑄 = 𝐶ℎ𝐿(2𝑔𝑑)For Curb Inlets 
	Where: 
	Q = inlet capacity governed by orifice flow (cfs) L = Curb Opening Length o = Orifice Coefficient (CO = 0.67) g = gravitational acceleration (32.2 ft/s) h = Curb Opening Height d = effective depth of flow at curb face (ft) 
	Note: See Appendix B for the Hydrologic Assessment and sizing of the proposed Type B curb inlets. 
	3.0 SOFTWARE USED 
	Computer aided software will be used to assist in hydraulic modeling of the storm water conveyance system. Programs used for hydraulic analysis are Autodesk Hydraflow Storm Sewers 2018. 
	Autodesk Hydraflow Storm Sewers 2018 
	Hydraflow will be used to analyze the hydraulic grade line for the underground storm drain system within the roadway. Hydraflow Storm Sewer uses the energy-based standard step method to compute the hydraulic profile. This method is an iterative procedure that applies 
	4.0 SUMMARY 
	The hydraulic calculations shown in this report provide a base understanding of what is required for the proposed curb inlets drainage facilities. The 100% improvements plans propose the widening of Avenida encinas that includes new sidewalks, parkways, medians, curb ramps, biofiltration planters, curb and gutter, new storm drain pipes, and curb inlets. The proposed development will create new impervious areas, thus increasing storm water runoff. The following is a summary of the Hydrology Calculations that
	Rainfall Precipitation Depths 
	4.1 HYDROLOGIC ASSESSMENT 
	Hydrologic assessment was conducted to determine the 100-year design storm peak runoff rate to the proposed Type-B curb inlets. Basin A2 was calculated to have a runoff flow rate of 5.55 cfs flowing into the Type B inlet. The flow rate of Basin A2 was used to find the minimum length of 3 feet for the cub inlet in a sump condition. Basin C1 was determined to have a peak runoff rate of 5.52 cfs, the curb inlet was then sized to have a minimum curb opening of 3 feet. Lastly, Basin C2 was calculated to have a p
	REFERENCES 
	by San Diego County, Dated January 8, 2011 
	 by San Diego County Association of Resource Conservation Districts, San Diego County Edition 
	prepared by the County of San Diego Department of Public Works, Flood Control Section, June 2003 
	 by County of San Diego Department of Public Works, Flood Control Section, September 2014 
	APPENDIX A HYDROLOGY CALCULATIONS 
	P
	P
	P
	P
	P
	P
	Channelized Flow Analysis 
	Basin B2 - Gutter Flow L = 1217.00 ft H= 25.03 ft 
	S= 0.021 ft/ft 
	Gutter Flow - Manning 
	Basin C2 - Gutter Flow 
	L = 1430.00 ft 
	H= 7.99 ft 
	S= 0.006 ft/ft 
	Gutter Flow - Manning 
	Basin A1 - Gutter Flow 
	L = 1230.00 ft 
	H= 32.40 ft 
	S= 0.026 ft/ft 
	Gutter Flow - Manning 
	 Basin A2 - Gutter Flow 
	L = 1070.00 ft 
	H= 10.68 ft 
	S= 0.010 ft/ft 
	Gutter Flow - Manning 
	APPENDIX B HYDROLOGIC ASSESSMENT 
	Basin A2 Curb Inlet Analysis 
	Curb Inlet Analysis Orifice 
	Channel Report 
	Hydraflow Express Extension for Autodesk® Civil 3D® by Autodesk, Inc. Wednesday, Jan 24 2024 
	Curb Inlet Analysis Basin A2 
	Gutter Highlighted 
	Cross Sl, Sx (ft/ft) = 0.020 Depth (ft) = 0.32 Cross Sl, Sw (ft/ft) = 0.083 Q (cfs) = 5.550 Gutter Width (ft) = 1.50 Area (sqft) = 1.34 Invert Elev (ft) = 100.00 Velocity (ft/s) = 4.14 Slope (%) = 2.00 Wetted Perim (ft) = 11.60 N-Value = 0.015 Crit Depth, Yc (ft) = 0.41 
	Spread Width (ft) = 11.27 Calculations EGL (ft) = 0.59 Compute by: Known Q Known Q (cfs) = 5.55 
	Elev (ft) Depth (ft) 
	Section 
	101.00 
	100.75 
	100.50 
	100.25 
	100.00 
	99.75 
	0 5 10 15 20 25 30 35 
	1.00 
	0.75 
	0.50 
	0.25 
	0.00 
	-0.25 
	Reach (ft) 
	Curb Inlet Analysis Orifice 
	Channel Report 
	Hydraflow Express Extension for Autodesk® Civil 3D® by Autodesk, Inc. Wednesday, Jan 24 2024 
	Curb Inlet Analysis Basin C1 
	Gutter Highlighted 
	Cross Sl, Sx (ft/ft) = 0.020 Depth (ft) = 0.32 Cross Sl, Sw (ft/ft) = 0.083 Q (cfs) = 5.520 Gutter Width (ft) = 1.50 Area (sqft) = 1.33 Invert Elev (ft) = 100.00 Velocity (ft/s) = 4.15 Slope (%) = 2.00 Wetted Perim (ft) = 11.55 N-Value = 0.015 Crit Depth, Yc (ft) = 0.41 
	Spread Width (ft) = 11.22 Calculations EGL (ft) = 0.59 Compute by: Known Q Known Q (cfs) = 5.52 
	Elev (ft) Depth (ft) 
	Section 
	101.00 
	100.75 
	100.50 
	100.25 
	100.00 
	99.75 
	0 5 10 15 20 25 30 35 
	1.00 
	0.75 
	0.50 
	0.25 
	0.00 
	-0.25 
	Reach (ft) 
	Curb Inlet Analysis Orifice 
	Channel Report 
	Hydraflow Express Extension for Autodesk® Civil 3D® by Autodesk, Inc. Wednesday, Jan 24 2024 
	Curb Inlet Analysis C2 
	Gutter Highlighted 
	Cross Sl, Sx (ft/ft) = 0.020 Depth (ft) = 0.32 Cross Sl, Sw (ft/ft) = 0.083 Q (cfs) = 5.900 Gutter Width (ft) = 1.50 Area (sqft) = 1.40 Invert Elev (ft) = 100.00 Velocity (ft/s) = 4.22 Slope (%) = 2.00 Wetted Perim (ft) = 11.86 N-Value = 0.015 Crit Depth, Yc (ft) = 0.42 
	Spread Width (ft) = 11.52 Calculations EGL (ft) = 0.60 Compute by: Known Q Known Q (cfs) = 5.90 
	Elev (ft) Depth (ft) 
	Section 
	101.00 
	100.75 
	100.50 
	100.25 
	100.00 
	99.75 
	0 5 10 15 20 25 30 35 
	1.00 
	0.75 
	0.50 
	0.25 
	0.00 
	-0.25 
	Reach (ft) 
	APPENDIX C DRAINAGE BASIN MAP 
	BASIN A1 49,765 SF 
	1.14 ACRES 
	~ 
	Q =5.72CFS 
	-
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	Intensity-Duration Design Chart -Template 
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	EXAMPLE: 
	Given: Watercourse Distance (D) = 70 Feet Slope (s) = 1.3% 
	T= 1.8(1 .1-C)VD 
	Runoff Coefficient (C) = 0.41 
	3\Js 
	Overland Flow Time (T) = 9.5 Minutes 
	SOURCE: Airport Drainage, Federal Aviation Administration, 1965 
	FIGURE 
	Rational Formula -Overland Time of Flow Nomograph 
	3-3 
	San Diego County Hydrology Manual Section: Date:  June 2003 Page: 5 of 26 
	×p × (1 - % Impervious) 
	p = Pervious Coefficient Runoff Value for the soil type (shown in Table 3-1 as Undisturbed Natural Terrain/Permanent Open Space, 0% Impervious). Soil type can be determined from the soil type map provided in Appendix A. 
	The values in Table 3-1 are typical for most urban areas.  However, if the basin contains rural or agricultural land use, parks, golf courses, or other types of nonurban land use that are expected to be permanent, the appropriate value should be selected based upon the soil and cover and approved by the local agency. 
	3-5 
	1.5’n = .015 2% 
	n = .01752% 
	RESIDENTIAL STREET
	Concrete 
	Depth
	Gutter 
	0.13 
	ONE SIDE ONLY 
	% of Street Slope 
	20181614
	12
	10987
	6
	5
	4
	3
	21.81.61.4
	1.2
	1.00.90.80.7
	0.6
	0.5
	0.4 
	1 2 3 4 5678910 20 30 4050 Discharge (C.F.S.) 
	EXAMPLE:Given: Q = 10 S = 2.5%Chart gives: Depth = 0.4, Velocity = 4.4 f.p.s.
	SOURCE: San Diego County Department of Special District Services Design Manual 
	F I G U R E 
	Gutter and Roadway Discharge - Velocity Chart 
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	VELOCITY in feet per second - V
	0.02 
	ROUGHNESS Coefficient - n
	8 
	7 6 
	5 
	4 
	0.03 
	0.04 
	0.05 
	0.06 
	0.07 
	SLOPE in feet per foot -s
	0.01 
	0.009 
	0.008 0.007 
	0.006 
	0.005 
	2 
	3 
	0.004 
	3 
	0.08 
	4 
	0.09
	0.003 
	SOURCE: USDOT, FHWA, HDS-3 (1961) 
	F I G U R E 
	Manning’s Equation Nomograph 
	3-7 
	Table 3-1 RUNOFF COEFFICIENTS FOR URBAN AREAS 
	*The values associated with 0% impervious may be used for direct calculation of the runoff coefficient as described in Section 3.1.2 (representing the pervious runoff coefficient, Cp, for the soil type), or for areas that will remain undisturbed in perpetuity. Justification must be given that the area will remain natural forever (e.g., the area is located in Cleveland National Forest). 
	DU/A = dwelling units per acre NRCS = National Resources Conservation Service 
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