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COTTONWOOD CREEK CULVERT ANALYSIS

SECTION 6: COTTONWOOD CREEK CULVERT ANALYSIS

6.0 PROJECT PURPOSE AND VICINITY MAP:

Figure 1: Project Vicinity Map

The Cottonwood Creek is located in the City of Encinitas, CA. The project site is located
approximately 3,800 feet upstream of the creek mouth at the Pacific Ocean. (Thomas Guide
page 1147: C-6 and C-7).

This study was prepared for the California Department of Transportation (Caltrans) to determine
the extents of any localized flooding from the 100-year storm event to the Interstate-5 (I-5).

This study specifically addresses the following:

1) The existing extents of inundation upstream of the Cottonwood Creek/ I-5 crossing
during the 100-year storm event.

2) Changes in the inundation limits resulting from the 10+4 buffer alternative for the
I-5 corridor.

The Cottonwood Creek is not presently within a FEMA floodplain and has been highly
channelized and undergrounded east of I-5 throughout the City of Encinitas.  The proposed 10+4
buffer alternative for the I-5 corridor will have no effect on the inundation area caused from the
existing backwater effects of the Cottonwood Creek Culvert flowing under the I-5.

Project Site
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6.1 DESCRIPTION OF WATERSHED:

The Cottonwood Creek watershed is located within the Carlsbad Watershed, Hydraulic Unit
904.10-904.63 (Figure 2), and covers an area of 2,175 acres.  The creek drains the western slopes
of the ridge running parallel to and west of El Camino Real and the Encinitas Creek drainage.
Cottonwood Creek discharges into the Pacific Ocean via a storm drain at Moonlight State Beach.
The elevation within the watershed ranges from 400 feet to sea level.

Figure 2: Regional Basin Area

The Cottonwood Creek is a perennial stream fed by urban runoff, excess irrigation water from
residential/commercial landscape, and agricultural uses, with some contribution from
groundwater resurfacing into the creek. The dominant land use within the watershed is urban
development. Downstream of the project site, the Cottonwood Creek flows through natural
streams and underground culverts, discharging through a storm drain onto Moonlight State
Beach and into the Pacific Ocean. The waters are not identified as an impaired water body on
the California Section 303(d) Water Quality Limited Waters List.

6.2 CULVERT MODELING METHODOLOGY:

The area of analysis ranges from approximately 200 feet upstream to 900 feet downstream of the
I-5 crossing. In this region, the Cottonwood Creek would experience a peak flow of 1668.52 cfs
during the 100-year storm event. The culvert crossing beneath I-5 changes shape twice before it
outfalls into a natural channel section of the Cottonwood Creek (Figure 3). The cross culvert
begins as a 10’ Pipe Arch Culvert (Figure 4) for 714 feet, then transitions to a 6’x 8’ Double Box
Culvert (Figure 5) for 544 feet and finally transitions again to a 7’x 4’ Triple Box Culvert
(Figure 6) for 116 feet before it ends downstream at a triple box headwall (Figure 7). A peak
flow analysis determined the headwater elevation upstream of the cross culvert to be 91.8 feet.
All elevations given in this report are based on the North American Vertical Datum of 1988
(NAVD 88).

Project Site
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Figure 3: Cottonwood Creek Downstream of Culvert

Figure 4: Upstream Headwall to Pipe Arch Culvert
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Figure 5: Double 6’x 8’ Box Culvert

Figure 6: Triple 7’x 4’ Box Culvert
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Figure 7: Downstream Headwall of Triple Box Culvert

6.2.1 CulvertMaster:

Bentley CulvertMaster v3.1 was used to analyze the culvert hydraulics and determine the
headwater elevation upstream of the I-5. The culvert was analyzed as a 10’ Pipe Arch
Culvert 1,374 feet long, because the system was found to be under inlet control (Figure 8)
and the change in the culvert shape would have little effect on the computed headwater
elevation. Under inlet control, the culvert barrel is capable of passing more storm water
than the culvert inlet can accept. During the 100-year storm the headwater elevation
upstream of the culvert inlet will rise above the top of the culvert. The storm water
passing into the culvert will occur as orifice flow, once the inlet is submerged.  The flow
will pass through the critical depth near the culvert entrance and transition to supercritical
throughout the culvert. The existing cross culvert has an average slope of approximately
1.3% and one 45 degree bend between the transition from the double box culvert to the
triple box culvert. The invert elevations were taken from metric digital topography (0.5
meter contours, NAVD 88), provided by Caltrans.

Figure 8: Inlet Control Flow Condition
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6.2.2 StormCAD:

Bentley StormCAD v5.6 was used to analyze the culvert system crossing beneath I-5.
The three sections of the culvert system were modeled to study the transitions between
and the characteristics of each section as they affect each other. See Appendix B for the
culvert system Summary Table.
Because the system is under inlet control and the downstream outlet is anticipated to be
inundated, the system will experience pressure flow during the peak 100-year storm.
The culvert system will experience pressure flow in two locations during the peak 100-
year storm.

1) The transition between the 10’Pipe Arch and Double 6’x 8’ Box Culverts.
2) The transition between the Double 6’x 8’ Box and Triple 7’x 4’ Box Culverts and

throughout the length of the Triple 7’x 4’Box Culvert.
The flow regime within all three culvert sections is supercritical with velocities ranging
from approximately 20 to 29 ft/s.  The greatest velocities would occur towards the middle
of each culvert section.

6.2.3 Tailwater Elevation:

Trials for varying tailwater elevations were performed, ranging from a free outfall to a
tailwater elevation of 65 feet.  The large head on the system will overcome any backwater
effects from the tailwater elevation. The tailwater elevation used in the analysis was
based on the Triple 7’x 4’ Box Culvert section flowing at capacity with a normal depth of
4 feet. The tailwater elevation was input as 56.5 feet.

6.2.4 Discharge:

Discharge information was obtained from the Cottonwood Creek / Moonlight Beach:
Final Hydrology Report, by Nolte Associates, Inc. for the City of Encinitas, dated July
2003. For the purposes of the culvert analysis, 1,668.52 cfs was identified as the peak
100-year storm discharge at the upstream headwall to the 10’ Pipe Arch Culvert. This
location relates to node number 808 of the Hydrology Map (see Appendix C).
For the StormCAD analysis, two additional discharges were obtained from the hydrology
report. Node number 812 relates to the transition from the section of 10’ Pipe Arch
Culvert to the section of Double 6’x 8’ Box Culvert, with a 100-year storm discharge of
1,979.59 cfs. Node number 907 relates to the transition point from the section of Double
6’x 8’ Box Culvert to the section of Triple 7’x 4’ Box Culvert, with a 100-year storm
discharge of 2,133.45 cfs.
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6.3 SUMMARY AND CONCLUSION:

The anticipated flow in the cross culvert is received from urban runoff from the City of Encinitas
and released into the Cottonwood Creek which flows directly to the Pacific Ocean. Since the
cross culvert operates under inlet control the flow will backup at the upstream end of the culvert
to a maximum elevation of 91.8 feet, during the peak of the 100-year storm event. This elevation
will be contained within the natural depression located in the southeast quadrant of the Encinitas
Blvd./ I-5 Interchange and no damage to adjacent properties is expected.
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Inundation Exhibit
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CulvertMaster Report

StormCAD Report



Culvert Designer/Analyzer Report
Cottonwood Creek Arch Culvert

Title: I-5 Floodplain Studies
p:\...\culvertmaster\cottonwood_arch.cvm
03/09/09 12:00:03 PM

DE San Diego
c Bentley Systems, Inc. Haestad Methods Solution Center Watertown, CT 06795 USA +1-203-755-1666

Project Engineer: Glen Parker
CulvertMaster v3.1 [03.01.010.00]

Page 1 of 2

Analysis Component

Storm Event Design Discharge 1,668.52 cfs

Peak Discharge Method: User-Specified

Design Discharge 1,668.52 cfs Check Discharge 2,133.45 cfs

Tailwater Conditions: Constant Tailwater

Tailwater Elevation 56.50 ft

Name Description Discharge HW Elev. Velocity

Culvert-1 1-120 x 114 inch Arch 1,668.52 cfs 91.84 ft 27.40 ft/s
Weir Not Considered N/A N/A N/A



Culvert Designer/Analyzer Report
Cottonwood Creek Arch Culvert

Title: I-5 Floodplain Studies
p:\...\culvertmaster\cottonwood_arch.cvm
03/09/09 12:00:03 PM

DE San Diego
c Bentley Systems, Inc. Haestad Methods Solution Center Watertown, CT 06795 USA +1-203-755-1666

Project Engineer: Glen Parker
CulvertMaster v3.1 [03.01.010.00]

Page 2 of 2

Component:Culvert-1

Culvert Summary

Computed Headwater Eleva 91.84 ft Discharge 1,668.52 cfs
Inlet Control HW Elev. 91.84 ft Tailwater Elevation 56.50 ft
Outlet Control HW Elev. 87.33 ft Control Type Inlet Control
Headwater Depth/Height 2.30

Grades

Upstream Invert 70.00 ft Downstream Invert 52.50 ft
Length 1,374.00 ft Constructed Slope 0.012737 ft/ft

Hydraulic Profile

Profile S2 Depth, Downstream 6.52 ft
Slope Type Steep Normal Depth 6.48 ft
Flow Regime Supercritical Critical Depth 8.71 ft
Velocity Downstream 27.40 ft/s Critical Slope 0.007931 ft/ft

Section

Section Shape Arch Mannings Coefficient 0.013
Section Material Concrete Span 10.00 ft
Section Size 120 x 114 inch Rise 9.50 ft
Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 87.33 ft Upstream Velocity Head 7.18 ft
Ke 0.20 Entrance Loss 1.44 ft

Inlet Control Properties

Inlet Control HW Elev. 91.84 ft Flow Control Submerged
Inlet Type Cottonwood Culvert Area Full 73.6 ft2
K 0.00180 HDS 5 Chart 1
M 2.50000 HDS 5 Scale 1
C 0.02894 Equation Form 1
Y 0.74000



Performance Curves Report
Cottonwood Creek Arch Culvert

Title: I-5 Floodplain Studies
p:\...\culvertmaster\cottonwood_arch.cvm
03/09/09 12:00:58 PM

DE San Diego
c Bentley Systems, Inc. Haestad Methods Solution Center Watertown, CT 06795 USA +1-203-755-1666

Project Engineer: Glen Parker
CulvertMaster v3.1 [03.01.010.00]

Page 1 of 1

Range Data:

Minimum Maximum Increment
Discharge 0.00 1,668.52 300.00 cfs

Performance Curves
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