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OVERVIEW 
The purpose of the study is to describe the hydrology of the proposed Boulder Brush Facilities (“the 

project”) and any impacts that the hydrology may play in the design of the roads and transmission line 

and for use in San Diego County permitting.   

 

The project includes the installation of 6.6 miles of paved and gravel roads and an electrical transmission 

line within San Diego County, CA, approximately 3.5 miles northwest of the city of Boulevard, CA. (Exhibit 

1).  At the time of this report, the project consists of roads and a transmission line.  No residential 

construction is involved in the project; therefore, no housing will be placed within any FEMA-identified 

flood-prone areas. No levees or dams are planned as a part of the project. The crossing structures are 

culverts and low water crossings that are designed to overtop during significant storm events. As such, no 

additional erosion, siltation, substantial alteration of the existing drainage patterns, or contribution of 

additional runoff which would exceed capacity of existing or planned stormwater drainage systems is 

expected. 

 

With the project being located within San Diego County, the stormwater requirements for San Diego 

County will need to be researched and applicable regulations will need to be followed.   

 

The project site contains many ridges that generally run north to south and slope to the east and west.   

The watershed area encompasses ~32 square miles and includes an area starting northwest of the 

project.  The project area is on a series of steep slopes and ridges that overall drain to the southeast. 

 

FEMA has not completed a study to determine flood hazard for the selected location.  The project area is 

covered by panels 06073C2050F, 06073C2075F, and 06073C2100F.  The project area contains FEMA 

Zone D, which is designated for areas where there are possible but undetermined flood hazards but no 

analysis of flood hazards has been conducted (Exhibit 2). 

  

The hydrologic modeling in this report was created using two different methodologies: HEC-RAS software 

and FLO-2D modeling software. HEC-RAS software was used to determine the inundation areas and 

flood depths throughout the project area. Also, because of the complex and distributary nature of flow 

paths upstream and through the project site, FLO-2D hydrologic/hydraulic modeling software was utilized 

to determine flow depths and velocities throughout the site. 

 

Overall, the analysis shows low water depths and velocities (Exhibits 6 and 7) across the majority of the 

site, with the exception of main channels and ravines between the ridges.  During a 100 year storm, the 

flood depths across the majority of the project area are less than 0.5 feet with velocities less than 1 

foot/second, with the exception of narrow channelized areas between local ridges, where flows near the 

project can reach depths of up to 6 feet and velocities up to 7 feet per second. Areas of higher flood 

depths and velocities also exist throughout the contributing watershed but are not anticipated to affect the 

project.  See FLO-2D Exhibits 6 and 7 for areas within the project with higher flood depths and velocities 

and HEC-RAS (Exhibit 3) for Flood Extents.  Based on experience on other similar projects, the site is 

suitable for the planned development by avoiding areas of high flood depths and velocities in channelized 

flow areas where feasible and providing engineered solutions, such as culverts and low water crossings, 

where avoiding these areas is unfeasible. 
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DATA SOURCES 
The models and methods for this project utilize a combination of public and private data as shown in Table 
1. 

 

Table 1:  Data Sources 

Data Type Format Source Use 

Elevation 1-meter LiDAR USGS National Map Site HEC-RAS and 

FLO-2D Model 

Elevations 

Elevation 10-meter DEM USGS National Map Offsite HEC-RAS 

and FLO-2D Model 

Elevations 

Crop Data Shapefile USDA 2013 Crop 

Data Layer 

Landcover 

Soils Shapefile USGS SSURGO 

Dataset 

Curve Numbers 

Precipitation PDF File NOAA Atlas 14 

Website 

Design storms 

HUC-12 Drainage 

Boundary 

Shapefile USGS Define Model 

Extents 

Access Roads Shapefile Terra-Gen, LLC Define Model 

Extents 

2015 Aerial 

Photography 

ArcGIS Map Service USDA FSA Reference 

 

11/08/2019



Declaration of Responsible Charge 
I HEREBY DECLARE THAT I AM THE CIVIL ENGINEER OF WORK FOR THIS 

PROJECT, THAT I HAVE EXERCISED RESPONSIBLE CHARGE OVER THE DESIGN OF 

THE PROJECT AS DEFINED IN SECTION 6703 OF THE BUSINESS AND 

PROFESSIONS CODE, AND THAT THE DESIGN IS CONSISTENT WITH CURRENT 

DESIGN 

I UNDERSTAND THAT THE CHECK OF PROJECT DRAWINGS AND SPECIFICATIONS 

BY THE CITY OF SAN DIEGO IS CONFINED TO A REVIEW ONLY AND DOES NOT 

RELIEVE ME, AS ENGINEER OF WORK, OF MY RESPONSIBILITIES OF PROJECTE 

DESIGN. 

 

___________________________________________    ___________________ 

CHRISTOPHER CARDA          DATE 

R.C.E. C75322 

EXP: 12-31-2019 

7/13/2018

19

11/8/2019



June 13, 2019

Exhibit 2: Base Map

© 2019 Westwood Professional Services, Inc.

±
Boulder Brush Facilities

San Diego County, California

0 1
Miles

Ma
p D

oc
um

en
t: N

:\0
01

31
18

.00
\G

IS\
Hy

dro
 Ex

hib
its

\20
19

-06
-11

 Bo
uld

er 
Br

us
h\S

DW
P_

EX
2B

as
eM

ap
_1

80
11

8.m
xd

  6
/13

/20
19

  2
:44

:14
 P

M

Data Sources:  Westwood (2019); Esri WMS
Basemap Imagery (Accessed 2019); USGS
(2019); FEMA (2019); USDA (2019) Legend

Project Boundary

FLO-2D Boundary

County Boundary

HUC 12 Boundary

NHD Flowline

NWI Wetlands

FEMA Zone A

FEMA Zone AE

*Note: No FEMA Zones A nor AE exist on site. The project and watershed consist of FEMA Zone D, see report for additional details



Preliminary Hydrology Study for Boulder Brush Facilities                                   11/8/2019 

 

 

Westwood Professional Services                 6                      Boulder Brush Facilities, San Diego County, CA 

 

PROJECT HYDROLOGY 
The project area is located in the Southern California, approximately 3.5 miles northwest of Boulevard, 

CA. The project site is located on a series of slopes and ridges that drain to both the east and the west 

before ultimately flowing south.  The project watershed encompass roughly 32 square miles and includes 

areas northwest of the project.  The potential hydrologic issues in this general landscape are flooding and 

erosive velocities; no existing flood flows will be altered by the project. 

 

100 Year Flooding Extents for Drainage Areas Greater than 100 Acres 

HEC-RAS modeling software was used to determine inundation limits for streams with more than 100 

acres of drainage area. HEC-RAS is a one-dimensional steady flow hydraulic model for channel flow 

analysis and WSEL determination. The software primarily assumes a steady, gradually varied flow 

scenario and uses the direct step method to compute water surface profiles. HEC-RAS offers advantages 

over broader surface models by allowing in-depth studies of a specific reach or reaches of a given 

channel, giving the opportunity to adjust details such as the exact contours and Manning’s Coefficients of 

the channel banks. The primary inputs are a DTM (elevation data), peak channel flows and channel cross 

section data. 

 

Inflow data for the modeled reaches was determined using online StreamStats reports (Appendix H). 

Modeled reaches were determined using 1-meter LiDAR to define 100 Acre drainage areas. The 100 

Year Peak Flood Value was used at inflow locations. Using the 100 Year rainfall allows for the best initial 

analysis in order to determine the worst areas of flooding and is the basis of the National Flood Insurance 

Program (NFIP). Two HEC-RAS models were used to create the flood extents, these models overlap 

where the southern cross section "1000" is located (Exhibit 11). The inflow at the southern cross section 

“1100” was split to also accommodate cross section “1400” due to the upstream hydraulic feature that 

causes the stream to diverge into two sections. 

 

FLO-2D Modeling 

FLO-2D is a physical process model that routes rainfall runoff and flood hydrographs over flow surfaces 

or in channels using the dynamic wave approximation to the momentum equation.  FLO-2D offers 

advantages over 1-D models and unit hydrograph methods by allowing for breakout flows and 

visualization of flows across a potential site.  This is particularly useful on a moderately and steeply 

sloped distributed area such as the project site.  The primary inputs are a DTM (elevation data), curve 

numbers and precipitation.  A grid system is set up within the FLO-2D software, and based upon the large 

watershed size, the FLO-2D grid cells were optimized at 40’.  

 

Precipitation data was downloaded from NOAA Atlas 14 (sample in Appendix A) for a 100 year rain event.  

The 100 year rain depth for the site is 7.31 inches.  Variable rainfall distribution data was input into FLO-

2D using the Atlas 14 rainfall curves. By using the 100-year rainfall event for deign purposes, it allows for 

the best initial analysis in order to determine the worst areas of flooding and erosion. 

 

The bulk of the elevation data input into the FLO-2D model was 1m-LiDAR data with the northwest 

mountainous portion of the watershed consisting of publically available 10-meter DEM elevation data. The 

10-meter elevation data was blended with the 1-meter LiDAR and incorporated into the DTM using the 

export to xyz file function in Global Mapper. These XYZ files are read directly into FLO-2D. 

      

USDA-NRCS SSURGO soil data provides soil types within the project boundary and full coverage of the 

contributing watershed. Soils in the area are primarily classified as hydrologic group A (Exhibit 3).  Land 
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cover was obtained from the USDA 2013 Crop Data Layer.  Exhibit 4 displays the Land Cover Classes for 

the entire watershed. The majority of land in this area is assumed to be shrubland. Curve numbers were 

applied to each grid cell in the FLO-2D model based on intersecting the grid with the soil and land cover 

data (Exhibit 5). The majority of the project area has a curve number between 50 and 60.  Areas with a 

higher curve number will have more runoff and areas with a lower curve number will have less runoff.  

This is based on the type of soils, “A” soils have the highest infiltration rates and “D” soils have the lowest 

infiltration rates, along with the landcover of the area, dense vegetation will have less runoff and fallow 

farm fields and impervious areas will have more runoff (Appendix B).  

 

Determining the Effect of the Project on Runoff Rates 

HydroCAD modeling was used to determine flow rates where runoff was discharging from the project 

(Appendix J). Due to the size of the watershed the SCS Curve Number method was used. The site was 

divided into ten drainage areas to analyze the peak discharge rates from the site (Exhibit 9, Table 2). The 

north drainage area drains offsite to the west before joining the overall site drainage area, which flows 

south. The far north drainage area flows to the east. To calculate the existing and proposed discharge 

rates overall curve numbers for each the watershed was determined and combined with each areas Time 

of Concentration (ToC) and Altas-14 precipitation data. Due to the acreage attributed to each watershed 

and minimal addition of impervious surfaces the average curve number and runoff rates did not change. 

No levees or dams are planned to be constructed or altered in any way during this project. 

 

Table 2. Pre-Development vs Post-Development Site Discharge Rates 

 
 

LAND USE AND ZONING 
The project area is east of the Salton Sea Divide, which means the site ultimately drains to the Salton 

Sea.  Development that lies east of this divide is not eligible for consideration as a Priority Development 

Project (PDP), as specified in the County of San Diego Watershed Protection, Stormwater Management, 

and Discharge Control Ordinance (Appendix F).  The proposed impervious area makes up roughly 1.3% 

of the overall project area, distributed across the entirety of the 2252.8 acre site. The minimal increase of 

impervious cover and its disconnected nature will result in negligible impacts to stormwater flow within the 

Tc (min) Hydrulic Length (ft) Average Slope (ft/ft) Area (Acres) Average Curve Number Velocity at Discharge Point (ft/s) Q100 (cfs)

1S-Overall Site 601.99 47,361 0.049 13,418.0 56 8.50 2,402.15

2S-Northern 146.76 7,392 0.0444 526.7 55 10.17 212.88

3S-Far North 180.51 8,712 0.0363 645.0 56 9.19 241.59

4S-Northwest 353.13 32,250 0.077 4,741.7 56 11.33 1,189.84

5S-West-North 264.78 18,585 0.0567 1,723.3 56 8.14 514.79

6S-West-Central 202.05 13,152 0.056 607.8 56 4.98 212.41

7S-West-South 180.65 11,901 0.0597 595.6 56 8.50 222.97

8S-East 73.34 4,794 0.0823 82.9 56 7.49 53.44

9S-Central 549.87 43,945 0.0521 11,721.0 56 8.63 2,212.46

10S-Northwest Central 81.59 5,233 .0.786 165.0 56 8.18 100.33

Tc (min) Hydrulic Length (ft) Average Slope (ft/ft) Area (Acres) Average Curve Number Velocity at Discharge Point (ft/s) Q100 (cfs)

11S-Overall Site 601.99 47,361 0.049 13,418.0 56 8.50 2,402.15

12S-Northern Section 146.76 7,392 0.0444 526.7 55 10.17 212.88

13S-Far North 180.51 8,712 0.0363 645.0 56 9.19 241.59

14S-Northwest 353.13 32,250 0.077 4,741.7 56 11.33 1,189.84

15S-West-North 264.78 18,585 0.0567 1,723.3 56 8.14 514.79

16S-West-Central 202.05 13,152 0.056 607.8 56 4.98 212.41

17S-West-South 180.65 11,901 0.0597 595.6 56 8.50 222.97

18S-East 73.34 4,794 0.0823 82.9 56 7.49 53.44

19S-Central 549.87 43,945 0.0521 11,721.0 56 8.63 2,212.46

10S-Northwest Central 81.59 5,233 .0.786 165.0 56 8.18 100.33

Pre-Development Conditions - Based on Atlas 14 100-Year 24-Hour Storm (7.31 inches)

Post-Development Conditions - Based on Atlas 14 100-Year 24-Hour Storm (7.31 inches)
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project watershed; therefore, post-construction site discharge is expected to be equal to that of existing 

conditions. 

 

STREAM ALTERATION AND DRAINAGE PATTERNS 
The project layout is designed in a manner that will minimalize impacts to existing drainage and flow 

paths.  Proposed grading is minimal and will avoid defined flow paths where possible.  When the 

avoidance of streamlines is not possible for the proposed layout, crossing structures, such as culverts 

and low water crossings, have been designed in compliance with the appropriate jurisdictions, including 

the Army Corps of Engineers, California Department of Fish and Wildlife, and the Regional Water Quality 

Board.  The crossing structures have been designed to pass storm flows in a similar manner to that of 

existing conditions, and will not alter the flow patterns, runoff quantity, or increase the erosive effects of 

the storm flow.  Details for these crossings can be seen below and in Appendix D. 

 

CULVERTS AND CROSSINGS 
There are 42 culverts, low water crossings (LWC) and culvert / LWC combinations proposed for the 

project. Also, in the southern portion of the project a ford crossing with cutoff walls is recommended near 

crossing B4. A proposed transmission line extends across extends across a large flow path; crossings 

B39, B41 and B42 will have 24” culverts to pass routine flows. See Exhibit 8 for the identified crossing 

locations. 

 

Culverts and crossings were sized based on flow rates generated using HydroCAD and the SCS 

methodology for a 10-year 24 hour storm return interval.  Culvert hydraulics were evaluated using Bentley 

CulvertMaster software.  Generally, all proposed culverts are inlet controlled for the 10-year design flow. 

 

The culverts were sized to pass the 10-year design flow rate with one foot of headwater above the pipe 

entrance.  The minimum pipe diameter considered was 18 inches.  Single barrel, double barrel, and triple 

barrel designs were all sized for each crossing (with the exception of areas of low flow where the increase 

in the quantity of barrels was not necessary to pass the design flow), along with a low water crossing 

(LWC).  Appendix D summarizes the recommended culvert or LWC size for each identified crossing 

location. 

 

RESULTS AND DESIGN INFORMATION 
Overall, the analysis shows low water depths and velocities (Exhibits 6 and 7) across the majority of the 

site (with the exception of the channelized areas between local ridges).  During a 100 year storm, the 

flood depths across the majority of the project area are less than 0.5 feet with velocities less than 1 

foot/second.  Due to the varying and ridged landscape in the area, water is directed to low-laying 

channels that convey the water during flood events.  This creates areas of localized flooding. These flows 

have a depth >1’, and therefore these areas of the site should be avoided when feasible.   

 

FEMA has not completed a study to determine flood hazard for the selected location.  The project area is 

covered by panels 06073C2050F, 06073C2075F, and 06073C2100F.  The project area contains FEMA 

Zone D, which is designated for areas where there are possible but undetermined flood hazards but no 

analysis of flood hazards has been conducted (Exhibit 2).  

 

The minimal amount of impervious surfaces being added to No residential construction is involved in the 

project; therefore, no housing will be placed within any FEMA-identified flood-prone areas. No levees or 

dams are planned to be constructed or altered during this project. The crossing structures are culverts 
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and low water crossings that are designed to overtop during significant storm events. As such, no 

additional erosion, siltation, substantial alteration of the existing drainage patterns, or contribution of 

additional runoff which would exceed capacity of existing or planned stormwater drainage systems is 

expected. 

 

There are some roads that cross over or run adjacent to defined flow paths. As such, there are isolated 

portions of access road which are anticipated to be inundated during a 100-yr rainfall event.  Avoidance of 

these areas is not practical but are minimized in the access road design. Any impacts to defined flow 

paths will have an increased risk of erosion and should be stabilized as soon as possible per the project 

Storm Water Pollution Prevention Plan (SWPPP). 

 

In conclusion, the project will avoid areas of high flood depths and velocities in channelized flow areas 

where feasible and will employ engineered solutions, such as culverts and low water crossings, where 

avoiding these areas is unfeasible. The Boulder Brush Facilities project meets the drainage requirements 

of the county. 
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Included Output Files:              

1. Shapefile of Flow Depth 

San_Diego_Flow Depth_Preliminary_180118.shp  

Attribute “ID” = Grid Cell Number 

Attribute “VAR” = Max Flow Depth (Feet) 

 

2. KMZ of Flow Depth 

San_Diego_Flow Depth_Preliminary_180118.kmz 

Overlay in Google Earth for graphical representation. 

 

3. Shapefile of Velocity 

San_Diego_Velocity_Preliminary _180118.shp 

Attribute “ID” = Grid Cell Number 

Attribute “VAR” = Velocity (FPS) 

 

4. KMZ of Velocity 

San_Diego_Velocity_Preliminary_180118.kmz 

Overlay in Google Earth for graphical representation 
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Exhibit 5: Curve Number and
Topographic Extents Map
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Exhibit 6: 100-Year Max Water Depth Map
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Exhibit 7: 100-Year Peak Velocity Map
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Exhibit 8: Crossings Map
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Exhibit 10: Drainage Areas
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Appendix A 

Sample of Atlas 14 Rainfall Data 











 
 

 

 
 
  

 

  

Appendix B 

Curve Number Table 

 



Table 2.  Semi-Arid Curve Numbers (adapted from NEH 630)

A B C D W

11 Open Water - areas of open water, generally with less than 25% cover of vegetation or soil. 98 98 98 98 100
12 Perennial Ice/Snow - areas characterized by a perennial cover of ice and/or snow, generally greater than 25% of total cover.

98 98 98 98 100
21 Developed, Open Space - areas with a mixture of some constructed materials, but mostly vegetation in the form of lawn

grasses. Impervious surfaces account for less than 20% of total cover. These areas most commonly include large-lot single-
family housing units, parks, golf courses, and vegetation planted in developed settings for recreation, erosion control, or
aesthetic purposes. 46 65 77 82 100

22 Developed, Low Intensity - areas with a mixture of constructed materials and vegetation. Impervious surfaces account for
20% to 49% percent of total cover. These areas most commonly include single-family housing units.

61 75 83 87 100
23 Developed, Medium Intensity – areas with a mixture of constructed materials and vegetation. Impervious surfaces account

for 50% to 79% of the total cover. These areas most commonly include single-family housing units.
77 85 90 95 100

24 Developed High Intensity -highly developed areas where people reside or work in high numbers. Examples include apartment
complexes, row houses and commercial/industrial. Impervious surfaces account for 80% to 100% of the total cover.

89 92 94 95 100

B
ar

re
n 31 Barren Land (Rock/Sand/Clay) - areas of bedrock, desert pavement, scarps, talus, slides, volcanic material, glacial debris,

sand dunes, strip mines, gravel pits and other accumulations of earthen material. Generally, vegetation accounts for less than
15% of total cover. 77 86 91 94 100

41 Deciduous Forest - areas dominated by trees generally greater than 5 meters tall, and greater than 20% of total vegetation
cover. More than 75% of the tree species shed foliage simultaneously in response to seasonal change.

43 55 70 77 100
42 Evergreen Forest - areas dominated by trees generally greater than 5 meters tall, and greater than 20% of total vegetation

cover. More than 75% of the tree species maintain their leaves all year. Canopy is never without green foliage.
43 55 70 77 100

43 Mixed Forest - areas dominated by trees generally greater than 5 meters tall, and greater than 20% of total vegetation cover.
Neither deciduous nor evergreen species are greater than 75% of total tree cover. 43 55 70 77 100

51 Dwarf Scrub - Alaska only areas dominated by shrubs less than 20 centimeters tall with shrub canopy typically greater than
20% of total vegetation. This type is often co-associated with grasses, sedges, herbs, and non-vascular vegetation.

55 71 81 89 100
52 Shrub/Scrub - areas dominated by shrubs; less than 5 meters tall with shrub canopy typically greater than 20% of total

vegetation. This class includes true shrubs, young trees in an early successional stage or trees stunted from environmental
conditions. 55 71 81 89 100

71 Grassland/Herbaceous - areas dominated by gramanoid or herbaceous vegetation, generally greater than 80% of total
vegetation. These areas are not subject to intensive management such as tilling, but can be utilized for grazing.

55 71 81 89 100
72 Sedge/Herbaceous - Alaska only areas dominated by sedges and forbs, generally greater than 80% of total vegetation. This

type can occur with significant other grasses or other grass like plants, and includes sedge tundra, and sedge tussock tundra.
55 71 81 89 100

73 Lichens - Alaska only areas dominated by fruticose or foliose lichens generally greater than 80% of total vegetation.
55 71 81 89 100

74 Moss - Alaska only areas dominated by mosses, generally greater than 80% of total vegetation. 55 71 81 89 100
81 Pasture/Hay – areas of grasses, legumes, or grass-legume mixtures planted for livestock grazing or the production of seed or

hay crops, typically on a perennial cycle. Pasture/hay vegetation accounts for greater than 20% of total vegetation.
55 71 81 89 100

82 Cultivated Crops – areas used for the production of annual crops, such as corn, soybeans, vegetables, tobacco, and cotton, and
also perennial woody crops such as orchards and vineyards. Crop vegetation accounts for greater than 20% of total vegetation.
This class also includes all land being actively tilled. 67 78 85 89 100

83 Small Grains 63 75 83 87 100
91 Woody Wetlands - areas where forest or shrubland vegetation accounts for greater than 20% of vegetative cover and the soil

or substrate is periodically saturated with or covered with water. 45 66 77 83 100
92 Emergent Herbaceous Wetlands - Areas where perennial herbaceous vegetation accounts for greater than 80% of vegetative

cover and the soil or substrate is periodically saturated with or covered with water. 45 66 77 83 100
*A/D, B/D and C/D soils lumped as D soils, W denotes water
**Curve Numbers for NLCD Codes 41-43 have been increased from 30 to 43 as many of these areas are partially grazed Woods-grass combination.
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Appendix C 

Culverts and Crossings 

 
 

 

 

 

 

 

 

 

  



Crossing ID Type of Crossing
Proposed

Culvert Size

B1 CULVERT 3-30"

B2 PAVED LWC

B3 PAVED LWC

B4 PAVED LWC

B5 PAVED LWC

B6 CULVERT 1-18"

B7 CULVERT 1-36"

B9 PAVED LWC

B10 CULVERT 1-24"

B11 PAVED LWC 1-18"

B12 CULVERT 1-24"

B13 CULVERT 1-36"

B14 CULVERT 1-18"

B15 CULVERT 1-18"

B16 CULVERT 1-18"

B17 CULVERT 1-18"

B18 CULVERT 1-18"

B19 CULVERT 1-18"

B20 CULVERT 1-18"

B21 CULVERT 2-24"

B22 CULVERT 1-18"

B23 CULVERT 1-24"

B24 CULVERT 1-18"

B25 CULVERT 1-18"

B26 CULVERT 1-18"

B27 CULVERT 1-30"

B28 CULVERT 1-18"

B29 CULVERT 1-18"

B30 CULVERT 1-18"

B31 CULVERT 1-18"

B32 CULVERT 1-18"

B33 LWC - STANDARD DUTY

B34 CULVERT & PAVED CROSSING 2-48"

B35 CULVERT 1-30"

B36 LWC - STANDARD DUTY

B38 LWC - HEAVY DUTY

B39 CULVERT 1-24"

B41 CULVERT 1-24"

B42 CULVERT 1-24"

B44 LWC - STANDARD DUTY

B46 CULVERT 2-18"

B47 LWC-STANDARD DUTY
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Peak Discharge Method: User-Specified

Design Discharge 57.80 cfs Check Discharge 0.00 cfs

Grades Model: Inverts

Invert Upstream 100.00 ft Invert Downstream 99.75 ft

Length 50.00 ft Slope 0.005000 ft/ft

Drop 0.25 ft

Headwater Model: Unspecified

Tailwater Conditions: Constant Tailwater

Tailwater Elevation N/A ft

Name  Description  Discharge  HW Elev.  Velocity

x Trial-1 1-42 inch Circular 57.80 cfs 104.33 ft 8.29 ft/s

Trial-2 2-36 inch Circular 57.80 cfs 103.02 ft 6.80 ft/s

Trial-3 3-30 inch Circular 57.80 cfs 102.63 ft 6.32 ft/s
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Design:Trial-1

Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation N/A ft Storm Event Design

Computed Headwater Elevation 104.33 ft Discharge 57.80 cfs

Headwater Depth/Height 1.24 Tailwater Elevation N/A ft

Inlet Control HW Elev. 104.13 ft Control Type Outlet Control

Outlet Control HW Elev. 104.33 ft

Grades

Upstream Invert 100.00 ft Downstream Invert 99.75 ft

Length 50.00 ft Constructed Slope 0.005000 ft/ft

Hydraulic Profile

Profile M2 Depth, Downstream 2.38 ft

Slope Type Mild Normal Depth N/A ft

Flow Regime Subcritical Critical Depth 2.38 ft

Velocity Downstream 8.29 ft/s Critical Slope 0.017305 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.024

Section Material CMP Span 3.50 ft

Section Size 42 inch Rise 3.50 ft

Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 104.33 ft Upstream Velocity Head 0.63 ft

Ke 0.90 Entrance Loss 0.56 ft

Inlet Control Properties

Inlet Control HW Elev. 104.13 ft Flow Control Unsubmerged

Inlet Type Projecting Area Full 9.6 ft²

K 0.03400 HDS 5 Chart 2

M 1.50000 HDS 5 Scale 3

C 0.05530 Equation Form 1

Y 0.54000
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Design:Trial-2

Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation N/A ft Storm Event Design

Computed Headwater Elevation 103.02 ft Discharge 57.80 cfs

Headwater Depth/Height 1.01 Tailwater Elevation N/A ft

Inlet Control HW Elev. 102.82 ft Control Type Outlet Control

Outlet Control HW Elev. 103.02 ft

Grades

Upstream Invert 100.00 ft Downstream Invert 99.75 ft

Length 50.00 ft Constructed Slope 0.005000 ft/ft

Hydraulic Profile

Profile M2 Depth, Downstream 1.74 ft

Slope Type Mild Normal Depth N/A ft

Flow Regime Subcritical Critical Depth 1.74 ft

Velocity Downstream 6.80 ft/s Critical Slope 0.015742 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.024

Section Material CMP Span 3.00 ft

Section Size 36 inch Rise 3.00 ft

Number Sections 2

Outlet Control Properties

Outlet Control HW Elev. 103.02 ft Upstream Velocity Head 0.39 ft

Ke 0.90 Entrance Loss 0.35 ft

Inlet Control Properties

Inlet Control HW Elev. 102.82 ft Flow Control Unsubmerged

Inlet Type Projecting Area Full 14.1 ft²

K 0.03400 HDS 5 Chart 2

M 1.50000 HDS 5 Scale 3

C 0.05530 Equation Form 1

Y 0.54000
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Design:Trial-3

Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation N/A ft Storm Event Design

Computed Headwater Elevation 102.63 ft Discharge 57.80 cfs

Headwater Depth/Height 1.05 Tailwater Elevation N/A ft

Inlet Control HW Elev. 102.44 ft Control Type Outlet Control

Outlet Control HW Elev. 102.63 ft

Grades

Upstream Invert 100.00 ft Downstream Invert 99.75 ft

Length 50.00 ft Constructed Slope 0.005000 ft/ft

Hydraulic Profile

Profile M2 Depth, Downstream 1.49 ft

Slope Type Mild Normal Depth N/A ft

Flow Regime Subcritical Critical Depth 1.49 ft

Velocity Downstream 6.32 ft/s Critical Slope 0.017048 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.024

Section Material CMP Span 2.50 ft

Section Size 30 inch Rise 2.50 ft

Number Sections 3

Outlet Control Properties

Outlet Control HW Elev. 102.63 ft Upstream Velocity Head 0.32 ft

Ke 0.90 Entrance Loss 0.29 ft

Inlet Control Properties

Inlet Control HW Elev. 102.44 ft Flow Control Unsubmerged

Inlet Type Projecting Area Full 14.7 ft²

K 0.03400 HDS 5 Chart 2

M 1.50000 HDS 5 Scale 3

C 0.05530 Equation Form 1

Y 0.54000
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Peak Discharge Method: User-Specified

Design Discharge 13.09 cfs Check Discharge 0.00 cfs

Grades Model: Inverts

Invert Upstream 100.00 ft Invert Downstream 99.75 ft

Length 50.00 ft Slope 0.005000 ft/ft

Drop 0.25 ft

Headwater Model: Unspecified

Tailwater Conditions: Constant Tailwater

Tailwater Elevation N/A ft

Name  Description  Discharge  HW Elev.  Velocity

x Trial-1 1-24 inch Circular 13.09 cfs 102.43 ft 6.04 ft/s

Trial-2 2-18 inch Circular 13.09 cfs 102.02 ft 5.29 ft/s
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Design:Trial-1

Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation N/A ft Storm Event Design

Computed Headwater Elevation 102.43 ft Discharge 13.09 cfs

Headwater Depth/Height 1.22 Tailwater Elevation N/A ft

Inlet Control HW Elev. 102.21 ft Control Type Outlet Control

Outlet Control HW Elev. 102.43 ft

Grades

Upstream Invert 100.00 ft Downstream Invert 99.75 ft

Length 50.00 ft Constructed Slope 0.005000 ft/ft

Hydraulic Profile

Profile M2 Depth, Downstream 1.30 ft

Slope Type Mild Normal Depth N/A ft

Flow Regime Subcritical Critical Depth 1.30 ft

Velocity Downstream 6.04 ft/s Critical Slope 0.019850 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.024

Section Material CMP Span 2.00 ft

Section Size 24 inch Rise 2.00 ft

Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 102.43 ft Upstream Velocity Head 0.28 ft

Ke 0.90 Entrance Loss 0.25 ft

Inlet Control Properties

Inlet Control HW Elev. 102.21 ft Flow Control Unsubmerged

Inlet Type Projecting Area Full 3.1 ft²

K 0.03400 HDS 5 Chart 2

M 1.50000 HDS 5 Scale 3

C 0.05530 Equation Form 1

Y 0.54000
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Design:Trial-2

Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation N/A ft Storm Event Design

Computed Headwater Elevation 102.02 ft Discharge 13.09 cfs

Headwater Depth/Height 1.35 Tailwater Elevation N/A ft

Inlet Control HW Elev. 101.69 ft Control Type Outlet Control

Outlet Control HW Elev. 102.02 ft

Grades

Upstream Invert 100.00 ft Downstream Invert 99.75 ft

Length 50.00 ft Constructed Slope 0.005000 ft/ft

Hydraulic Profile

Profile CompositeM2PressureProfile Depth, Downstream 0.99 ft

Slope Type Mild Normal Depth N/A ft

Flow Regime Subcritical Critical Depth 0.99 ft

Velocity Downstream 5.29 ft/s Critical Slope 0.022178 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.024

Section Material CMP Span 1.50 ft

Section Size 18 inch Rise 1.50 ft

Number Sections 2

Outlet Control Properties

Outlet Control HW Elev. 102.02 ft Upstream Velocity Head 0.21 ft

Ke 0.90 Entrance Loss 0.19 ft

Inlet Control Properties

Inlet Control HW Elev. 101.69 ft Flow Control Unsubmerged

Inlet Type Projecting Area Full 3.5 ft²

K 0.03400 HDS 5 Chart 2

M 1.50000 HDS 5 Scale 3

C 0.05530 Equation Form 1

Y 0.54000
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Peak Discharge Method: User-Specified

Design Discharge 14.38 cfs Check Discharge 0.00 cfs

Grades Model: Inverts

Invert Upstream 100.00 ft Invert Downstream 99.75 ft

Length 50.00 ft Slope 0.005000 ft/ft

Drop 0.25 ft

Headwater Model: Unspecified

Tailwater Conditions: Constant Tailwater

Tailwater Elevation N/A ft

Name  Description  Discharge  HW Elev.  Velocity

x Trial-1 1-24 inch Circular 14.38 cfs 102.69 ft 6.29 ft/s

Trial-2 2-18 inch Circular 14.38 cfs 102.27 ft 5.51 ft/s
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Design:Trial-1

Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation N/A ft Storm Event Design

Computed Headwater Elevation 102.69 ft Discharge 14.38 cfs

Headwater Depth/Height 1.35 Tailwater Elevation N/A ft

Inlet Control HW Elev. 102.37 ft Control Type Outlet Control

Outlet Control HW Elev. 102.69 ft

Grades

Upstream Invert 100.00 ft Downstream Invert 99.75 ft

Length 50.00 ft Constructed Slope 0.005000 ft/ft

Hydraulic Profile

Profile CompositeM2PressureProfile Depth, Downstream 1.37 ft

Slope Type Mild Normal Depth N/A ft

Flow Regime Subcritical Critical Depth 1.37 ft

Velocity Downstream 6.29 ft/s Critical Slope 0.020967 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.024

Section Material CMP Span 2.00 ft

Section Size 24 inch Rise 2.00 ft

Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 102.69 ft Upstream Velocity Head 0.33 ft

Ke 0.90 Entrance Loss 0.29 ft

Inlet Control Properties

Inlet Control HW Elev. 102.37 ft Flow Control Unsubmerged

Inlet Type Projecting Area Full 3.1 ft²

K 0.03400 HDS 5 Chart 2

M 1.50000 HDS 5 Scale 3

C 0.05530 Equation Form 1

Y 0.54000
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Design:Trial-2

Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation N/A ft Storm Event Design

Computed Headwater Elevation 102.27 ft Discharge 14.38 cfs

Headwater Depth/Height 1.52 Tailwater Elevation N/A ft

Inlet Control HW Elev. 101.82 ft Control Type Outlet Control

Outlet Control HW Elev. 102.27 ft

Grades

Upstream Invert 100.00 ft Downstream Invert 99.75 ft

Length 50.00 ft Constructed Slope 0.005000 ft/ft

Hydraulic Profile

Profile CompositeM2PressureProfile Depth, Downstream 1.04 ft

Slope Type Mild Normal Depth N/A ft

Flow Regime Subcritical Critical Depth 1.04 ft

Velocity Downstream 5.51 ft/s Critical Slope 0.023456 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.024

Section Material CMP Span 1.50 ft

Section Size 18 inch Rise 1.50 ft

Number Sections 2

Outlet Control Properties

Outlet Control HW Elev. 102.27 ft Upstream Velocity Head 0.26 ft

Ke 0.90 Entrance Loss 0.23 ft

Inlet Control Properties

Inlet Control HW Elev. 101.82 ft Flow Control Unsubmerged

Inlet Type Projecting Area Full 3.5 ft²

K 0.03400 HDS 5 Chart 2

M 1.50000 HDS 5 Scale 3

C 0.05530 Equation Form 1

Y 0.54000
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Peak Discharge Method: User-Specified

Design Discharge 27.26 cfs Check Discharge 0.00 cfs

Grades Model: Inverts

Invert Upstream 100.00 ft Invert Downstream 99.75 ft

Length 50.00 ft Slope 0.005000 ft/ft

Drop 0.25 ft

Headwater Model: Unspecified

Tailwater Conditions: Constant Tailwater

Tailwater Elevation N/A ft

Name  Description  Discharge  HW Elev.  Velocity

x Trial-1 1-36 inch Circular 27.26 cfs 102.91 ft 6.66 ft/s

Trial-2 2-24 inch Circular 27.26 cfs 102.53 ft 6.15 ft/s

Trial-3 4-18 inch Circular 27.26 cfs 102.12 ft 5.38 ft/s
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Design:Trial-1

Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation N/A ft Storm Event Design

Computed Headwater Elevation 102.91 ft Discharge 27.26 cfs

Headwater Depth/Height 0.97 Tailwater Elevation N/A ft

Inlet Control HW Elev. 102.71 ft Control Type Outlet Control

Outlet Control HW Elev. 102.91 ft

Grades

Upstream Invert 100.00 ft Downstream Invert 99.75 ft

Length 50.00 ft Constructed Slope 0.005000 ft/ft

Hydraulic Profile

Profile M2 Depth, Downstream 1.69 ft

Slope Type Mild Normal Depth 2.71 ft

Flow Regime Subcritical Critical Depth 1.69 ft

Velocity Downstream 6.66 ft/s Critical Slope 0.015434 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.024

Section Material CMP Span 3.00 ft

Section Size 36 inch Rise 3.00 ft

Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 102.91 ft Upstream Velocity Head 0.37 ft

Ke 0.90 Entrance Loss 0.34 ft

Inlet Control Properties

Inlet Control HW Elev. 102.71 ft Flow Control Unsubmerged

Inlet Type Projecting Area Full 7.1 ft²

K 0.03400 HDS 5 Chart 2

M 1.50000 HDS 5 Scale 3

C 0.05530 Equation Form 1

Y 0.54000
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Design:Trial-2

Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation N/A ft Storm Event Design

Computed Headwater Elevation 102.53 ft Discharge 27.26 cfs

Headwater Depth/Height 1.26 Tailwater Elevation N/A ft

Inlet Control HW Elev. 102.28 ft Control Type Outlet Control

Outlet Control HW Elev. 102.53 ft

Grades

Upstream Invert 100.00 ft Downstream Invert 99.75 ft

Length 50.00 ft Constructed Slope 0.005000 ft/ft

Hydraulic Profile

Profile M2 Depth, Downstream 1.33 ft

Slope Type Mild Normal Depth N/A ft

Flow Regime Subcritical Critical Depth 1.33 ft

Velocity Downstream 6.15 ft/s Critical Slope 0.020312 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.024

Section Material CMP Span 2.00 ft

Section Size 24 inch Rise 2.00 ft

Number Sections 2

Outlet Control Properties

Outlet Control HW Elev. 102.53 ft Upstream Velocity Head 0.29 ft

Ke 0.90 Entrance Loss 0.27 ft

Inlet Control Properties

Inlet Control HW Elev. 102.28 ft Flow Control Unsubmerged

Inlet Type Projecting Area Full 6.3 ft²

K 0.03400 HDS 5 Chart 2

M 1.50000 HDS 5 Scale 3

C 0.05530 Equation Form 1

Y 0.54000
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Design:Trial-3

Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation N/A ft Storm Event Design

Computed Headwater Elevation 102.12 ft Discharge 27.26 cfs

Headwater Depth/Height 1.42 Tailwater Elevation N/A ft

Inlet Control HW Elev. 101.74 ft Control Type Outlet Control

Outlet Control HW Elev. 102.12 ft

Grades

Upstream Invert 100.00 ft Downstream Invert 99.75 ft

Length 50.00 ft Constructed Slope 0.005000 ft/ft

Hydraulic Profile

Profile CompositeM2PressureProfile Depth, Downstream 1.01 ft

Slope Type Mild Normal Depth N/A ft

Flow Regime Subcritical Critical Depth 1.01 ft

Velocity Downstream 5.38 ft/s Critical Slope 0.022688 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.024

Section Material CMP Span 1.50 ft

Section Size 18 inch Rise 1.50 ft

Number Sections 4

Outlet Control Properties

Outlet Control HW Elev. 102.12 ft Upstream Velocity Head 0.23 ft

Ke 0.90 Entrance Loss 0.21 ft

Inlet Control Properties

Inlet Control HW Elev. 101.74 ft Flow Control Unsubmerged

Inlet Type Projecting Area Full 7.1 ft²

K 0.03400 HDS 5 Chart 2

M 1.50000 HDS 5 Scale 3

C 0.05530 Equation Form 1

Y 0.54000
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Peak Discharge Method: User-Specified

Design Discharge 0.15 cfs Check Discharge 0.00 cfs

Grades Model: Inverts

Invert Upstream 100.00 ft Invert Downstream 99.75 ft

Length 50.00 ft Slope 0.005000 ft/ft

Drop 0.25 ft

Headwater Model: Unspecified

Tailwater Conditions: Constant Tailwater

Tailwater Elevation N/A ft

Name  Description  Discharge  HW Elev.  Velocity

x Trial-1 1-18 inch Circular 0.15 cfs 100.23 ft 1.76 ft/s
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Design:Trial-1

Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation N/A ft Storm Event Design

Computed Headwater Elevation 100.23 ft Discharge 0.15 cfs

Headwater Depth/Height 0.16 Tailwater Elevation N/A ft

Inlet Control HW Elev. 100.19 ft Control Type Outlet Control

Outlet Control HW Elev. 100.23 ft

Grades

Upstream Invert 100.00 ft Downstream Invert 99.75 ft

Length 50.00 ft Constructed Slope 0.005000 ft/ft

Hydraulic Profile

Profile M2 Depth, Downstream 0.14 ft

Slope Type Mild Normal Depth 0.20 ft

Flow Regime Subcritical Critical Depth 0.14 ft

Velocity Downstream 1.76 ft/s Critical Slope 0.019924 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.024

Section Material CMP Span 1.50 ft

Section Size 18 inch Rise 1.50 ft

Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 100.23 ft Upstream Velocity Head 0.02 ft

Ke 0.90 Entrance Loss 0.02 ft

Inlet Control Properties

Inlet Control HW Elev. 100.19 ft Flow Control Unsubmerged

Inlet Type Projecting Area Full 1.8 ft²

K 0.03400 HDS 5 Chart 2

M 1.50000 HDS 5 Scale 3

C 0.05530 Equation Form 1

Y 0.54000
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Peak Discharge Method: User-Specified

Design Discharge 0.50 cfs Check Discharge 0.00 cfs

Grades Model: Inverts

Invert Upstream 100.00 ft Invert Downstream 99.75 ft

Length 50.00 ft Slope 0.005000 ft/ft

Drop 0.25 ft

Headwater Model: Unspecified

Tailwater Conditions: Constant Tailwater

Tailwater Elevation N/A ft

Name  Description  Discharge  HW Elev.  Velocity

x Trial-1 1-18 inch Circular 0.50 cfs 100.43 ft 2.42 ft/s
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Design:Trial-1

Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation N/A ft Storm Event Design

Computed Headwater Elevation 100.43 ft Discharge 0.50 cfs

Headwater Depth/Height 0.29 Tailwater Elevation N/A ft

Inlet Control HW Elev. 100.35 ft Control Type Outlet Control

Outlet Control HW Elev. 100.43 ft

Grades

Upstream Invert 100.00 ft Downstream Invert 99.75 ft

Length 50.00 ft Constructed Slope 0.005000 ft/ft

Hydraulic Profile

Profile M2 Depth, Downstream 0.26 ft

Slope Type Mild Normal Depth 0.36 ft

Flow Regime Subcritical Critical Depth 0.26 ft

Velocity Downstream 2.42 ft/s Critical Slope 0.017518 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.024

Section Material CMP Span 1.50 ft

Section Size 18 inch Rise 1.50 ft

Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 100.43 ft Upstream Velocity Head 0.04 ft

Ke 0.90 Entrance Loss 0.03 ft

Inlet Control Properties

Inlet Control HW Elev. 100.35 ft Flow Control Unsubmerged

Inlet Type Projecting Area Full 1.8 ft²

K 0.03400 HDS 5 Chart 2

M 1.50000 HDS 5 Scale 3

C 0.05530 Equation Form 1

Y 0.54000
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Peak Discharge Method: User-Specified

Design Discharge 0.15 cfs Check Discharge 0.00 cfs

Grades Model: Inverts

Invert Upstream 100.00 ft Invert Downstream 99.75 ft

Length 50.00 ft Slope 0.005000 ft/ft

Drop 0.25 ft

Headwater Model: Unspecified

Tailwater Conditions: Constant Tailwater

Tailwater Elevation N/A ft

Name  Description  Discharge  HW Elev.  Velocity

x Trial-1 1-18 inch Circular 0.15 cfs 100.23 ft 1.76 ft/s



Culvert Design Report

B16

Title: BoulderBrush

n:\...\boulderbrush.cvm

06/07/19  02:40:15 PM

Westwood Professional Services

© Bentley Systems, Inc.    Haestad Methods Solution Center    Watertown, CT 06795 USA    +1-203-755-1666

Project Engineer: TPGlaza

CulvertMaster v3.3 [03.03.00.04]

Page 22

Design:Trial-1

Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation N/A ft Storm Event Design

Computed Headwater Elevation 100.23 ft Discharge 0.15 cfs

Headwater Depth/Height 0.16 Tailwater Elevation N/A ft

Inlet Control HW Elev. 100.19 ft Control Type Outlet Control

Outlet Control HW Elev. 100.23 ft

Grades

Upstream Invert 100.00 ft Downstream Invert 99.75 ft

Length 50.00 ft Constructed Slope 0.005000 ft/ft

Hydraulic Profile

Profile M2 Depth, Downstream 0.14 ft

Slope Type Mild Normal Depth 0.20 ft

Flow Regime Subcritical Critical Depth 0.14 ft

Velocity Downstream 1.76 ft/s Critical Slope 0.019924 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.024

Section Material CMP Span 1.50 ft

Section Size 18 inch Rise 1.50 ft

Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 100.23 ft Upstream Velocity Head 0.02 ft

Ke 0.90 Entrance Loss 0.02 ft

Inlet Control Properties

Inlet Control HW Elev. 100.19 ft Flow Control Unsubmerged

Inlet Type Projecting Area Full 1.8 ft²

K 0.03400 HDS 5 Chart 2

M 1.50000 HDS 5 Scale 3

C 0.05530 Equation Form 1

Y 0.54000
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Peak Discharge Method: User-Specified

Design Discharge 0.49 cfs Check Discharge 0.00 cfs

Grades Model: Inverts

Invert Upstream 100.00 ft Invert Downstream 99.75 ft

Length 50.00 ft Slope 0.005000 ft/ft

Drop 0.25 ft

Headwater Model: Unspecified

Tailwater Conditions: Constant Tailwater

Tailwater Elevation N/A ft

Name  Description  Discharge  HW Elev.  Velocity

x Trial-1 1-18 inch Circular 0.49 cfs 100.42 ft 2.40 ft/s



Culvert Design Report

B17

Title: BoulderBrush

n:\...\boulderbrush.cvm

06/07/19  02:40:15 PM

Westwood Professional Services

© Bentley Systems, Inc.    Haestad Methods Solution Center    Watertown, CT 06795 USA    +1-203-755-1666

Project Engineer: TPGlaza

CulvertMaster v3.3 [03.03.00.04]

Page 24

Design:Trial-1

Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation N/A ft Storm Event Design

Computed Headwater Elevation 100.42 ft Discharge 0.49 cfs

Headwater Depth/Height 0.28 Tailwater Elevation N/A ft

Inlet Control HW Elev. 100.35 ft Control Type Outlet Control

Outlet Control HW Elev. 100.42 ft

Grades

Upstream Invert 100.00 ft Downstream Invert 99.75 ft

Length 50.00 ft Constructed Slope 0.005000 ft/ft

Hydraulic Profile

Profile M2 Depth, Downstream 0.26 ft

Slope Type Mild Normal Depth 0.35 ft

Flow Regime Subcritical Critical Depth 0.26 ft

Velocity Downstream 2.40 ft/s Critical Slope 0.017542 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.024

Section Material CMP Span 1.50 ft

Section Size 18 inch Rise 1.50 ft

Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 100.42 ft Upstream Velocity Head 0.04 ft

Ke 0.90 Entrance Loss 0.03 ft

Inlet Control Properties

Inlet Control HW Elev. 100.35 ft Flow Control Unsubmerged

Inlet Type Projecting Area Full 1.8 ft²

K 0.03400 HDS 5 Chart 2

M 1.50000 HDS 5 Scale 3

C 0.05530 Equation Form 1

Y 0.54000
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Peak Discharge Method: User-Specified

Design Discharge 0.21 cfs Check Discharge 0.00 cfs

Grades Model: Inverts

Invert Upstream 100.00 ft Invert Downstream 99.75 ft

Length 50.00 ft Slope 0.005000 ft/ft

Drop 0.25 ft

Headwater Model: Unspecified

Tailwater Conditions: Constant Tailwater

Tailwater Elevation N/A ft

Name  Description  Discharge  HW Elev.  Velocity

x Trial-1 1-18 inch Circular 0.21 cfs 100.28 ft 1.93 ft/s
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Design:Trial-1

Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation N/A ft Storm Event Design

Computed Headwater Elevation 100.28 ft Discharge 0.21 cfs

Headwater Depth/Height 0.18 Tailwater Elevation N/A ft

Inlet Control HW Elev. 100.22 ft Control Type Outlet Control

Outlet Control HW Elev. 100.28 ft

Grades

Upstream Invert 100.00 ft Downstream Invert 99.75 ft

Length 50.00 ft Constructed Slope 0.005000 ft/ft

Hydraulic Profile

Profile M2 Depth, Downstream 0.17 ft

Slope Type Mild Normal Depth 0.23 ft

Flow Regime Subcritical Critical Depth 0.17 ft

Velocity Downstream 1.93 ft/s Critical Slope 0.019187 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.024

Section Material CMP Span 1.50 ft

Section Size 18 inch Rise 1.50 ft

Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 100.28 ft Upstream Velocity Head 0.02 ft

Ke 0.90 Entrance Loss 0.02 ft

Inlet Control Properties

Inlet Control HW Elev. 100.22 ft Flow Control Unsubmerged

Inlet Type Projecting Area Full 1.8 ft²

K 0.03400 HDS 5 Chart 2

M 1.50000 HDS 5 Scale 3

C 0.05530 Equation Form 1

Y 0.54000
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Peak Discharge Method: User-Specified

Design Discharge 3.31 cfs Check Discharge 0.00 cfs

Grades Model: Inverts

Invert Upstream 100.00 ft Invert Downstream 99.75 ft

Length 50.00 ft Slope 0.005000 ft/ft

Drop 0.25 ft

Headwater Model: Unspecified

Tailwater Conditions: Constant Tailwater

Tailwater Elevation N/A ft

Name  Description  Discharge  HW Elev.  Velocity

x Trial-1 1-18 inch Circular 3.31 cfs 101.20 ft 4.14 ft/s
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Design:Trial-1

Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation N/A ft Storm Event Design

Computed Headwater Elevation 101.20 ft Discharge 3.31 cfs

Headwater Depth/Height 0.80 Tailwater Elevation N/A ft

Inlet Control HW Elev. 101.05 ft Control Type Outlet Control

Outlet Control HW Elev. 101.20 ft

Grades

Upstream Invert 100.00 ft Downstream Invert 99.75 ft

Length 50.00 ft Constructed Slope 0.005000 ft/ft

Hydraulic Profile

Profile M2 Depth, Downstream 0.69 ft

Slope Type Mild Normal Depth 1.04 ft

Flow Regime Subcritical Critical Depth 0.69 ft

Velocity Downstream 4.14 ft/s Critical Slope 0.017749 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.024

Section Material CMP Span 1.50 ft

Section Size 18 inch Rise 1.50 ft

Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 101.20 ft Upstream Velocity Head 0.11 ft

Ke 0.90 Entrance Loss 0.10 ft

Inlet Control Properties

Inlet Control HW Elev. 101.05 ft Flow Control Unsubmerged

Inlet Type Projecting Area Full 1.8 ft²

K 0.03400 HDS 5 Chart 2

M 1.50000 HDS 5 Scale 3

C 0.05530 Equation Form 1

Y 0.54000
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Peak Discharge Method: User-Specified

Design Discharge 0.29 cfs Check Discharge 0.00 cfs

Grades Model: Inverts

Invert Upstream 100.00 ft Invert Downstream 99.75 ft

Length 50.00 ft Slope 0.005000 ft/ft

Drop 0.25 ft

Headwater Model: Unspecified

Tailwater Conditions: Constant Tailwater

Tailwater Elevation N/A ft

Name  Description  Discharge  HW Elev.  Velocity

x Trial-1 1-18 inch Circular 0.29 cfs 100.32 ft 2.09 ft/s
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Design:Trial-1

Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation N/A ft Storm Event Design

Computed Headwater Elevation 100.32 ft Discharge 0.29 cfs

Headwater Depth/Height 0.22 Tailwater Elevation N/A ft

Inlet Control HW Elev. 100.27 ft Control Type Outlet Control

Outlet Control HW Elev. 100.32 ft

Grades

Upstream Invert 100.00 ft Downstream Invert 99.75 ft

Length 50.00 ft Constructed Slope 0.005000 ft/ft

Hydraulic Profile

Profile M2 Depth, Downstream 0.20 ft

Slope Type Mild Normal Depth 0.27 ft

Flow Regime Subcritical Critical Depth 0.20 ft

Velocity Downstream 2.09 ft/s Critical Slope 0.018495 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.024

Section Material CMP Span 1.50 ft

Section Size 18 inch Rise 1.50 ft

Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 100.32 ft Upstream Velocity Head 0.03 ft

Ke 0.90 Entrance Loss 0.02 ft

Inlet Control Properties

Inlet Control HW Elev. 100.27 ft Flow Control Unsubmerged

Inlet Type Projecting Area Full 1.8 ft²

K 0.03400 HDS 5 Chart 2

M 1.50000 HDS 5 Scale 3

C 0.05530 Equation Form 1

Y 0.54000
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Peak Discharge Method: User-Specified

Design Discharge 23.09 cfs Check Discharge 0.00 cfs

Grades Model: Inverts

Invert Upstream 100.00 ft Invert Downstream 99.75 ft

Length 50.00 ft Slope 0.005000 ft/ft

Drop 0.25 ft

Headwater Model: Unspecified

Tailwater Conditions: Constant Tailwater

Tailwater Elevation N/A ft

Name  Description  Discharge  HW Elev.  Velocity

x Trial-1 1-30 inch Circular 23.09 cfs 102.99 ft 6.78 ft/s

Trial-2 2-24 inch Circular 23.09 cfs 102.21 ft 5.75 ft/s

Trial-3 3-18 inch Circular 23.09 cfs 102.49 ft 5.68 ft/s
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Design:Trial-1

Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation N/A ft Storm Event Design

Computed Headwater Elevation 102.99 ft Discharge 23.09 cfs

Headwater Depth/Height 1.20 Tailwater Elevation N/A ft

Inlet Control HW Elev. 102.78 ft Control Type Outlet Control

Outlet Control HW Elev. 102.99 ft

Grades

Upstream Invert 100.00 ft Downstream Invert 99.75 ft

Length 50.00 ft Constructed Slope 0.005000 ft/ft

Hydraulic Profile

Profile M2 Depth, Downstream 1.64 ft

Slope Type Mild Normal Depth N/A ft

Flow Regime Subcritical Critical Depth 1.64 ft

Velocity Downstream 6.78 ft/s Critical Slope 0.018526 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.024

Section Material CMP Span 2.50 ft

Section Size 30 inch Rise 2.50 ft

Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 102.99 ft Upstream Velocity Head 0.38 ft

Ke 0.90 Entrance Loss 0.34 ft

Inlet Control Properties

Inlet Control HW Elev. 102.78 ft Flow Control Unsubmerged

Inlet Type Projecting Area Full 4.9 ft²

K 0.03400 HDS 5 Chart 2

M 1.50000 HDS 5 Scale 3

C 0.05530 Equation Form 1

Y 0.54000
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Design:Trial-2

Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation N/A ft Storm Event Design

Computed Headwater Elevation 102.21 ft Discharge 23.09 cfs

Headwater Depth/Height 1.10 Tailwater Elevation N/A ft

Inlet Control HW Elev. 102.01 ft Control Type Outlet Control

Outlet Control HW Elev. 102.21 ft

Grades

Upstream Invert 100.00 ft Downstream Invert 99.75 ft

Length 50.00 ft Constructed Slope 0.005000 ft/ft

Hydraulic Profile

Profile M2 Depth, Downstream 1.22 ft

Slope Type Mild Normal Depth N/A ft

Flow Regime Subcritical Critical Depth 1.22 ft

Velocity Downstream 5.75 ft/s Critical Slope 0.018712 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.024

Section Material CMP Span 2.00 ft

Section Size 24 inch Rise 2.00 ft

Number Sections 2

Outlet Control Properties

Outlet Control HW Elev. 102.21 ft Upstream Velocity Head 0.25 ft

Ke 0.90 Entrance Loss 0.22 ft

Inlet Control Properties

Inlet Control HW Elev. 102.01 ft Flow Control Unsubmerged

Inlet Type Projecting Area Full 6.3 ft²

K 0.03400 HDS 5 Chart 2

M 1.50000 HDS 5 Scale 3

C 0.05530 Equation Form 1

Y 0.54000
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Design:Trial-3

Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation N/A ft Storm Event Design

Computed Headwater Elevation 102.49 ft Discharge 23.09 cfs

Headwater Depth/Height 1.66 Tailwater Elevation N/A ft

Inlet Control HW Elev. 101.92 ft Control Type Outlet Control

Outlet Control HW Elev. 102.49 ft

Grades

Upstream Invert 100.00 ft Downstream Invert 99.75 ft

Length 50.00 ft Constructed Slope 0.005000 ft/ft

Hydraulic Profile

Profile CompositeM2PressureProfile Depth, Downstream 1.07 ft

Slope Type Mild Normal Depth N/A ft

Flow Regime Subcritical Critical Depth 1.07 ft

Velocity Downstream 5.68 ft/s Critical Slope 0.024583 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.024

Section Material CMP Span 1.50 ft

Section Size 18 inch Rise 1.50 ft

Number Sections 3

Outlet Control Properties

Outlet Control HW Elev. 102.49 ft Upstream Velocity Head 0.29 ft

Ke 0.90 Entrance Loss 0.27 ft

Inlet Control Properties

Inlet Control HW Elev. 101.92 ft Flow Control Transition

Inlet Type Projecting Area Full 5.3 ft²

K 0.03400 HDS 5 Chart 2

M 1.50000 HDS 5 Scale 3

C 0.05530 Equation Form 1

Y 0.54000
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Peak Discharge Method: User-Specified

Design Discharge 0.51 cfs Check Discharge 0.00 cfs

Grades Model: Inverts

Invert Upstream 100.00 ft Invert Downstream 99.75 ft

Length 50.00 ft Slope 0.005000 ft/ft

Drop 0.25 ft

Headwater Model: Unspecified

Tailwater Conditions: Constant Tailwater

Tailwater Elevation N/A ft

Name  Description  Discharge  HW Elev.  Velocity

x Trial-1 1-18 inch Circular 0.51 cfs 100.43 ft 2.43 ft/s
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Design:Trial-1

Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation N/A ft Storm Event Design

Computed Headwater Elevation 100.43 ft Discharge 0.51 cfs

Headwater Depth/Height 0.29 Tailwater Elevation N/A ft

Inlet Control HW Elev. 100.36 ft Control Type Outlet Control

Outlet Control HW Elev. 100.43 ft

Grades

Upstream Invert 100.00 ft Downstream Invert 99.75 ft

Length 50.00 ft Constructed Slope 0.005000 ft/ft

Hydraulic Profile

Profile M2 Depth, Downstream 0.26 ft

Slope Type Mild Normal Depth 0.36 ft

Flow Regime Subcritical Critical Depth 0.26 ft

Velocity Downstream 2.43 ft/s Critical Slope 0.017495 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.024

Section Material CMP Span 1.50 ft

Section Size 18 inch Rise 1.50 ft

Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 100.43 ft Upstream Velocity Head 0.04 ft

Ke 0.90 Entrance Loss 0.03 ft

Inlet Control Properties

Inlet Control HW Elev. 100.36 ft Flow Control Unsubmerged

Inlet Type Projecting Area Full 1.8 ft²

K 0.03400 HDS 5 Chart 2

M 1.50000 HDS 5 Scale 3

C 0.05530 Equation Form 1

Y 0.54000
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Peak Discharge Method: User-Specified

Design Discharge 15.78 cfs Check Discharge 0.00 cfs

Grades Model: Inverts

Invert Upstream 100.00 ft Invert Downstream 99.75 ft

Length 50.00 ft Slope 0.005000 ft/ft

Drop 0.25 ft

Headwater Model: Unspecified

Tailwater Conditions: Constant Tailwater

Tailwater Elevation N/A ft

Name  Description  Discharge  HW Elev.  Velocity

x Trial-1 1-24 inch Circular 15.78 cfs 103.01 ft 6.55 ft/s

Trial-2 3-18 inch Circular 15.78 cfs 101.62 ft 4.86 ft/s
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Design:Trial-1

Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation N/A ft Storm Event Design

Computed Headwater Elevation 103.01 ft Discharge 15.78 cfs

Headwater Depth/Height 1.50 Tailwater Elevation N/A ft

Inlet Control HW Elev. 102.55 ft Control Type Outlet Control

Outlet Control HW Elev. 103.01 ft

Grades

Upstream Invert 100.00 ft Downstream Invert 99.75 ft

Length 50.00 ft Constructed Slope 0.005000 ft/ft

Hydraulic Profile

Profile CompositeM2PressureProfile Depth, Downstream 1.43 ft

Slope Type Mild Normal Depth N/A ft

Flow Regime Subcritical Critical Depth 1.43 ft

Velocity Downstream 6.55 ft/s Critical Slope 0.022312 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.024

Section Material CMP Span 2.00 ft

Section Size 24 inch Rise 2.00 ft

Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 103.01 ft Upstream Velocity Head 0.39 ft

Ke 0.90 Entrance Loss 0.35 ft

Inlet Control Properties

Inlet Control HW Elev. 102.55 ft Flow Control Transition

Inlet Type Projecting Area Full 3.1 ft²

K 0.03400 HDS 5 Chart 2

M 1.50000 HDS 5 Scale 3

C 0.05530 Equation Form 1

Y 0.54000
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Design:Trial-2

Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation N/A ft Storm Event Design

Computed Headwater Elevation 101.62 ft Discharge 15.78 cfs

Headwater Depth/Height 1.08 Tailwater Elevation N/A ft

Inlet Control HW Elev. 101.44 ft Control Type Outlet Control

Outlet Control HW Elev. 101.62 ft

Grades

Upstream Invert 100.00 ft Downstream Invert 99.75 ft

Length 50.00 ft Constructed Slope 0.005000 ft/ft

Hydraulic Profile

Profile M2 Depth, Downstream 0.88 ft

Slope Type Mild Normal Depth N/A ft

Flow Regime Subcritical Critical Depth 0.88 ft

Velocity Downstream 4.86 ft/s Critical Slope 0.020065 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.024

Section Material CMP Span 1.50 ft

Section Size 18 inch Rise 1.50 ft

Number Sections 3

Outlet Control Properties

Outlet Control HW Elev. 101.62 ft Upstream Velocity Head 0.16 ft

Ke 0.90 Entrance Loss 0.14 ft

Inlet Control Properties

Inlet Control HW Elev. 101.44 ft Flow Control Unsubmerged

Inlet Type Projecting Area Full 5.3 ft²

K 0.03400 HDS 5 Chart 2

M 1.50000 HDS 5 Scale 3

C 0.05530 Equation Form 1

Y 0.54000
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Peak Discharge Method: User-Specified

Design Discharge 2.28 cfs Check Discharge 0.00 cfs

Grades Model: Inverts

Invert Upstream 100.00 ft Invert Downstream 99.75 ft

Length 50.00 ft Slope 0.005000 ft/ft

Drop 0.25 ft

Headwater Model: Unspecified

Tailwater Conditions: Constant Tailwater

Tailwater Elevation N/A ft

Name  Description  Discharge  HW Elev.  Velocity

x Trial-1 1-18 inch Circular 2.28 cfs 100.96 ft 3.69 ft/s
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Design:Trial-1

Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation N/A ft Storm Event Design

Computed Headwater Elevation 100.96 ft Discharge 2.28 cfs

Headwater Depth/Height 0.64 Tailwater Elevation N/A ft

Inlet Control HW Elev. 100.83 ft Control Type Outlet Control

Outlet Control HW Elev. 100.96 ft

Grades

Upstream Invert 100.00 ft Downstream Invert 99.75 ft

Length 50.00 ft Constructed Slope 0.005000 ft/ft

Hydraulic Profile

Profile M2 Depth, Downstream 0.57 ft

Slope Type Mild Normal Depth 0.81 ft

Flow Regime Subcritical Critical Depth 0.57 ft

Velocity Downstream 3.69 ft/s Critical Slope 0.016989 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.024

Section Material CMP Span 1.50 ft

Section Size 18 inch Rise 1.50 ft

Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 100.96 ft Upstream Velocity Head 0.09 ft

Ke 0.90 Entrance Loss 0.08 ft

Inlet Control Properties

Inlet Control HW Elev. 100.83 ft Flow Control Unsubmerged

Inlet Type Projecting Area Full 1.8 ft²

K 0.03400 HDS 5 Chart 2

M 1.50000 HDS 5 Scale 3

C 0.05530 Equation Form 1

Y 0.54000
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Peak Discharge Method: User-Specified

Design Discharge 5.06 cfs Check Discharge 0.00 cfs

Grades Model: Inverts

Invert Upstream 100.00 ft Invert Downstream 99.75 ft

Length 50.00 ft Slope 0.005000 ft/ft

Drop 0.25 ft

Headwater Model: Unspecified

Tailwater Conditions: Constant Tailwater

Tailwater Elevation N/A ft

Name  Description  Discharge  HW Elev.  Velocity

x Trial-1 1-18 inch Circular 5.06 cfs 101.58 ft 4.79 ft/s
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Design:Trial-1

Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation N/A ft Storm Event Design

Computed Headwater Elevation 101.58 ft Discharge 5.06 cfs

Headwater Depth/Height 1.05 Tailwater Elevation N/A ft

Inlet Control HW Elev. 101.40 ft Control Type Outlet Control

Outlet Control HW Elev. 101.58 ft

Grades

Upstream Invert 100.00 ft Downstream Invert 99.75 ft

Length 50.00 ft Constructed Slope 0.005000 ft/ft

Hydraulic Profile

Profile M2 Depth, Downstream 0.87 ft

Slope Type Mild Normal Depth N/A ft

Flow Regime Subcritical Critical Depth 0.87 ft

Velocity Downstream 4.79 ft/s Critical Slope 0.019774 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.024

Section Material CMP Span 1.50 ft

Section Size 18 inch Rise 1.50 ft

Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 101.58 ft Upstream Velocity Head 0.15 ft

Ke 0.90 Entrance Loss 0.14 ft

Inlet Control Properties

Inlet Control HW Elev. 101.40 ft Flow Control Unsubmerged

Inlet Type Projecting Area Full 1.8 ft²

K 0.03400 HDS 5 Chart 2

M 1.50000 HDS 5 Scale 3

C 0.05530 Equation Form 1

Y 0.54000
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Peak Discharge Method: User-Specified

Design Discharge 5.29 cfs Check Discharge 0.00 cfs

Grades Model: Inverts

Invert Upstream 100.00 ft Invert Downstream 99.75 ft

Length 50.00 ft Slope 0.005000 ft/ft

Drop 0.25 ft

Headwater Model: Unspecified

Tailwater Conditions: Constant Tailwater

Tailwater Elevation N/A ft

Name  Description  Discharge  HW Elev.  Velocity

x Trial-1 1-18 inch Circular 5.29 cfs 101.63 ft 4.87 ft/s
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Design:Trial-1

Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation N/A ft Storm Event Design

Computed Headwater Elevation 101.63 ft Discharge 5.29 cfs

Headwater Depth/Height 1.09 Tailwater Elevation N/A ft

Inlet Control HW Elev. 101.45 ft Control Type Outlet Control

Outlet Control HW Elev. 101.63 ft

Grades

Upstream Invert 100.00 ft Downstream Invert 99.75 ft

Length 50.00 ft Constructed Slope 0.005000 ft/ft

Hydraulic Profile

Profile M2 Depth, Downstream 0.89 ft

Slope Type Mild Normal Depth N/A ft

Flow Regime Subcritical Critical Depth 0.89 ft

Velocity Downstream 4.87 ft/s Critical Slope 0.020103 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.024

Section Material CMP Span 1.50 ft

Section Size 18 inch Rise 1.50 ft

Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 101.63 ft Upstream Velocity Head 0.16 ft

Ke 0.90 Entrance Loss 0.14 ft

Inlet Control Properties

Inlet Control HW Elev. 101.45 ft Flow Control Unsubmerged

Inlet Type Projecting Area Full 1.8 ft²

K 0.03400 HDS 5 Chart 2

M 1.50000 HDS 5 Scale 3

C 0.05530 Equation Form 1

Y 0.54000
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Peak Discharge Method: User-Specified

Design Discharge 20.36 cfs Check Discharge 0.00 cfs

Grades Model: Inverts

Invert Upstream 100.00 ft Invert Downstream 99.75 ft

Length 50.00 ft Slope 0.005000 ft/ft

Drop 0.25 ft

Headwater Model: Unspecified

Tailwater Conditions: Constant Tailwater

Tailwater Elevation N/A ft

Name  Description  Discharge  HW Elev.  Velocity

x Trial-1 1-30 inch Circular 20.36 cfs 102.73 ft 6.45 ft/s

Trial-2 2-24 inch Circular 20.36 cfs 102.02 ft 5.49 ft/s

Trial-3 4-18 inch Circular 20.36 cfs 101.58 ft 4.80 ft/s



Culvert Design Report

B27

Title: BoulderBrush

n:\...\boulderbrush.cvm

06/07/19  02:40:20 PM

Westwood Professional Services

© Bentley Systems, Inc.    Haestad Methods Solution Center    Watertown, CT 06795 USA    +1-203-755-1666

Project Engineer: TPGlaza

CulvertMaster v3.3 [03.03.00.04]

Page 47

Design:Trial-1

Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation N/A ft Storm Event Design

Computed Headwater Elevation 102.73 ft Discharge 20.36 cfs

Headwater Depth/Height 1.09 Tailwater Elevation N/A ft

Inlet Control HW Elev. 102.53 ft Control Type Outlet Control

Outlet Control HW Elev. 102.73 ft

Grades

Upstream Invert 100.00 ft Downstream Invert 99.75 ft

Length 50.00 ft Constructed Slope 0.005000 ft/ft

Hydraulic Profile

Profile M2 Depth, Downstream 1.53 ft

Slope Type Mild Normal Depth N/A ft

Flow Regime Subcritical Critical Depth 1.53 ft

Velocity Downstream 6.45 ft/s Critical Slope 0.017435 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.024

Section Material CMP Span 2.50 ft

Section Size 30 inch Rise 2.50 ft

Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 102.73 ft Upstream Velocity Head 0.33 ft

Ke 0.90 Entrance Loss 0.30 ft

Inlet Control Properties

Inlet Control HW Elev. 102.53 ft Flow Control Unsubmerged

Inlet Type Projecting Area Full 4.9 ft²

K 0.03400 HDS 5 Chart 2

M 1.50000 HDS 5 Scale 3

C 0.05530 Equation Form 1

Y 0.54000
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Design:Trial-2

Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation N/A ft Storm Event Design

Computed Headwater Elevation 102.02 ft Discharge 20.36 cfs

Headwater Depth/Height 1.01 Tailwater Elevation N/A ft

Inlet Control HW Elev. 101.84 ft Control Type Outlet Control

Outlet Control HW Elev. 102.02 ft

Grades

Upstream Invert 100.00 ft Downstream Invert 99.75 ft

Length 50.00 ft Constructed Slope 0.005000 ft/ft

Hydraulic Profile

Profile M2 Depth, Downstream 1.14 ft

Slope Type Mild Normal Depth N/A ft

Flow Regime Subcritical Critical Depth 1.14 ft

Velocity Downstream 5.49 ft/s Critical Slope 0.017832 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.024

Section Material CMP Span 2.00 ft

Section Size 24 inch Rise 2.00 ft

Number Sections 2

Outlet Control Properties

Outlet Control HW Elev. 102.02 ft Upstream Velocity Head 0.22 ft

Ke 0.90 Entrance Loss 0.20 ft

Inlet Control Properties

Inlet Control HW Elev. 101.84 ft Flow Control Unsubmerged

Inlet Type Projecting Area Full 6.3 ft²

K 0.03400 HDS 5 Chart 2

M 1.50000 HDS 5 Scale 3

C 0.05530 Equation Form 1

Y 0.54000



Culvert Design Report

B27

Title: BoulderBrush

n:\...\boulderbrush.cvm

06/07/19  02:40:20 PM

Westwood Professional Services

© Bentley Systems, Inc.    Haestad Methods Solution Center    Watertown, CT 06795 USA    +1-203-755-1666

Project Engineer: TPGlaza

CulvertMaster v3.3 [03.03.00.04]

Page 49

Design:Trial-3

Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation N/A ft Storm Event Design

Computed Headwater Elevation 101.58 ft Discharge 20.36 cfs

Headwater Depth/Height 1.06 Tailwater Elevation N/A ft

Inlet Control HW Elev. 101.41 ft Control Type Outlet Control

Outlet Control HW Elev. 101.58 ft

Grades

Upstream Invert 100.00 ft Downstream Invert 99.75 ft

Length 50.00 ft Constructed Slope 0.005000 ft/ft

Hydraulic Profile

Profile M2 Depth, Downstream 0.87 ft

Slope Type Mild Normal Depth N/A ft

Flow Regime Subcritical Critical Depth 0.87 ft

Velocity Downstream 4.80 ft/s Critical Slope 0.019809 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.024

Section Material CMP Span 1.50 ft

Section Size 18 inch Rise 1.50 ft

Number Sections 4

Outlet Control Properties

Outlet Control HW Elev. 101.58 ft Upstream Velocity Head 0.15 ft

Ke 0.90 Entrance Loss 0.14 ft

Inlet Control Properties

Inlet Control HW Elev. 101.41 ft Flow Control Unsubmerged

Inlet Type Projecting Area Full 7.1 ft²

K 0.03400 HDS 5 Chart 2

M 1.50000 HDS 5 Scale 3

C 0.05530 Equation Form 1

Y 0.54000
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Peak Discharge Method: User-Specified

Design Discharge 3.50 cfs Check Discharge 0.00 cfs

Grades Model: Inverts

Invert Upstream 100.00 ft Invert Downstream 99.75 ft

Length 50.00 ft Slope 0.005000 ft/ft

Drop 0.25 ft

Headwater Model: Unspecified

Tailwater Conditions: Constant Tailwater

Tailwater Elevation N/A ft

Name  Description  Discharge  HW Elev.  Velocity

x Trial-1 1-18 inch Circular 3.50 cfs 101.24 ft 4.22 ft/s
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Design:Trial-1

Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation N/A ft Storm Event Design

Computed Headwater Elevation 101.24 ft Discharge 3.50 cfs

Headwater Depth/Height 0.82 Tailwater Elevation N/A ft

Inlet Control HW Elev. 101.09 ft Control Type Outlet Control

Outlet Control HW Elev. 101.24 ft

Grades

Upstream Invert 100.00 ft Downstream Invert 99.75 ft

Length 50.00 ft Constructed Slope 0.005000 ft/ft

Hydraulic Profile

Profile M2 Depth, Downstream 0.71 ft

Slope Type Mild Normal Depth 1.08 ft

Flow Regime Subcritical Critical Depth 0.71 ft

Velocity Downstream 4.22 ft/s Critical Slope 0.017931 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.024

Section Material CMP Span 1.50 ft

Section Size 18 inch Rise 1.50 ft

Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 101.24 ft Upstream Velocity Head 0.12 ft

Ke 0.90 Entrance Loss 0.11 ft

Inlet Control Properties

Inlet Control HW Elev. 101.09 ft Flow Control Unsubmerged

Inlet Type Projecting Area Full 1.8 ft²

K 0.03400 HDS 5 Chart 2

M 1.50000 HDS 5 Scale 3

C 0.05530 Equation Form 1

Y 0.54000
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Peak Discharge Method: User-Specified

Design Discharge 0.47 cfs Check Discharge 0.00 cfs

Grades Model: Inverts

Invert Upstream 100.00 ft Invert Downstream 99.75 ft

Length 50.00 ft Slope 0.005000 ft/ft

Drop 0.25 ft

Headwater Model: Unspecified

Tailwater Conditions: Constant Tailwater

Tailwater Elevation N/A ft

Name  Description  Discharge  HW Elev.  Velocity

x Trial-1 1-18 inch Circular 0.47 cfs 100.41 ft 2.38 ft/s
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Design:Trial-1

Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation N/A ft Storm Event Design

Computed Headwater Elevation 100.41 ft Discharge 0.47 cfs

Headwater Depth/Height 0.28 Tailwater Elevation N/A ft

Inlet Control HW Elev. 100.34 ft Control Type Outlet Control

Outlet Control HW Elev. 100.41 ft

Grades

Upstream Invert 100.00 ft Downstream Invert 99.75 ft

Length 50.00 ft Constructed Slope 0.005000 ft/ft

Hydraulic Profile

Profile M2 Depth, Downstream 0.25 ft

Slope Type Mild Normal Depth 0.35 ft

Flow Regime Subcritical Critical Depth 0.25 ft

Velocity Downstream 2.38 ft/s Critical Slope 0.017592 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.024

Section Material CMP Span 1.50 ft

Section Size 18 inch Rise 1.50 ft

Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 100.41 ft Upstream Velocity Head 0.04 ft

Ke 0.90 Entrance Loss 0.03 ft

Inlet Control Properties

Inlet Control HW Elev. 100.34 ft Flow Control Unsubmerged

Inlet Type Projecting Area Full 1.8 ft²

K 0.03400 HDS 5 Chart 2

M 1.50000 HDS 5 Scale 3

C 0.05530 Equation Form 1

Y 0.54000
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Peak Discharge Method: User-Specified

Design Discharge 0.45 cfs Check Discharge 0.00 cfs

Grades Model: Inverts

Invert Upstream 100.00 ft Invert Downstream 99.75 ft

Length 50.00 ft Slope 0.005000 ft/ft

Drop 0.25 ft

Headwater Model: Unspecified

Tailwater Conditions: Constant Tailwater

Tailwater Elevation N/A ft

Name  Description  Discharge  HW Elev.  Velocity

x Trial-1 1-18 inch Circular 0.45 cfs 100.41 ft 2.35 ft/s
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Design:Trial-1

Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation N/A ft Storm Event Design

Computed Headwater Elevation 100.41 ft Discharge 0.45 cfs

Headwater Depth/Height 0.27 Tailwater Elevation N/A ft

Inlet Control HW Elev. 100.34 ft Control Type Outlet Control

Outlet Control HW Elev. 100.41 ft

Grades

Upstream Invert 100.00 ft Downstream Invert 99.75 ft

Length 50.00 ft Constructed Slope 0.005000 ft/ft

Hydraulic Profile

Profile M2 Depth, Downstream 0.25 ft

Slope Type Mild Normal Depth 0.34 ft

Flow Regime Subcritical Critical Depth 0.25 ft

Velocity Downstream 2.35 ft/s Critical Slope 0.017643 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.024

Section Material CMP Span 1.50 ft

Section Size 18 inch Rise 1.50 ft

Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 100.41 ft Upstream Velocity Head 0.04 ft

Ke 0.90 Entrance Loss 0.03 ft

Inlet Control Properties

Inlet Control HW Elev. 100.34 ft Flow Control Unsubmerged

Inlet Type Projecting Area Full 1.8 ft²

K 0.03400 HDS 5 Chart 2

M 1.50000 HDS 5 Scale 3

C 0.05530 Equation Form 1

Y 0.54000
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Peak Discharge Method: User-Specified

Design Discharge 7.54 cfs Check Discharge 0.00 cfs

Grades Model: Inverts

Invert Upstream 100.00 ft Invert Downstream 99.75 ft

Length 50.00 ft Slope 0.005000 ft/ft

Drop 0.25 ft

Headwater Model: Unspecified

Tailwater Conditions: Constant Tailwater

Tailwater Elevation N/A ft

Name  Description  Discharge  HW Elev.  Velocity

x Trial-1 1-18 inch Circular 7.54 cfs 102.42 ft 5.63 ft/s
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Design:Trial-1

Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation N/A ft Storm Event Design

Computed Headwater Elevation 102.42 ft Discharge 7.54 cfs

Headwater Depth/Height 1.61 Tailwater Elevation N/A ft

Inlet Control HW Elev. 101.88 ft Control Type Outlet Control

Outlet Control HW Elev. 102.42 ft

Grades

Upstream Invert 100.00 ft Downstream Invert 99.75 ft

Length 50.00 ft Constructed Slope 0.005000 ft/ft

Hydraulic Profile

Profile CompositeM2PressureProfile Depth, Downstream 1.06 ft

Slope Type Mild Normal Depth N/A ft

Flow Regime Subcritical Critical Depth 1.06 ft

Velocity Downstream 5.63 ft/s Critical Slope 0.024219 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.024

Section Material CMP Span 1.50 ft

Section Size 18 inch Rise 1.50 ft

Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 102.42 ft Upstream Velocity Head 0.28 ft

Ke 0.90 Entrance Loss 0.25 ft

Inlet Control Properties

Inlet Control HW Elev. 101.88 ft Flow Control Unsubmerged

Inlet Type Projecting Area Full 1.8 ft²

K 0.03400 HDS 5 Chart 2

M 1.50000 HDS 5 Scale 3

C 0.05530 Equation Form 1

Y 0.54000



Culvert Design Report

B32

Title: BoulderBrush

n:\...\boulderbrush.cvm

06/07/19  02:40:21 PM

Westwood Professional Services

© Bentley Systems, Inc.    Haestad Methods Solution Center    Watertown, CT 06795 USA    +1-203-755-1666

Project Engineer: TPGlaza

CulvertMaster v3.3 [03.03.00.04]

Page 58

Peak Discharge Method: User-Specified

Design Discharge 6.17 cfs Check Discharge 0.00 cfs

Grades Model: Inverts

Invert Upstream 100.00 ft Invert Downstream 99.75 ft

Length 50.00 ft Slope 0.005000 ft/ft

Drop 0.25 ft

Headwater Model: Unspecified

Tailwater Conditions: Constant Tailwater

Tailwater Elevation N/A ft

Name  Description  Discharge  HW Elev.  Velocity

x Trial-1 1-18 inch Circular 6.17 cfs 101.88 ft 5.17 ft/s
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Design:Trial-1

Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation N/A ft Storm Event Design

Computed Headwater Elevation 101.88 ft Discharge 6.17 cfs

Headwater Depth/Height 1.25 Tailwater Elevation N/A ft

Inlet Control HW Elev. 101.62 ft Control Type Outlet Control

Outlet Control HW Elev. 101.88 ft

Grades

Upstream Invert 100.00 ft Downstream Invert 99.75 ft

Length 50.00 ft Constructed Slope 0.005000 ft/ft

Hydraulic Profile

Profile CompositeM2PressureProfile Depth, Downstream 0.96 ft

Slope Type Mild Normal Depth N/A ft

Flow Regime Subcritical Critical Depth 0.96 ft

Velocity Downstream 5.17 ft/s Critical Slope 0.021506 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.024

Section Material CMP Span 1.50 ft

Section Size 18 inch Rise 1.50 ft

Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 101.88 ft Upstream Velocity Head 0.19 ft

Ke 0.90 Entrance Loss 0.17 ft

Inlet Control Properties

Inlet Control HW Elev. 101.62 ft Flow Control Unsubmerged

Inlet Type Projecting Area Full 1.8 ft²

K 0.03400 HDS 5 Chart 2

M 1.50000 HDS 5 Scale 3

C 0.05530 Equation Form 1

Y 0.54000
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Peak Discharge Method: User-Specified

Design Discharge 16.04 cfs Check Discharge 0.00 cfs

Grades Model: Inverts

Invert Upstream 100.00 ft Invert Downstream 99.75 ft

Length 50.00 ft Slope 0.005000 ft/ft

Drop 0.25 ft

Headwater Model: Unspecified

Tailwater Conditions: Constant Tailwater

Tailwater Elevation N/A ft

Name  Description  Discharge  HW Elev.  Velocity

x Trial-1 1-30 inch Circular 16.04 cfs 102.33 ft 5.92 ft/s

Trial-2 2-24 inch Circular 16.04 cfs 101.73 ft 5.05 ft/s

Trial-3 3-18 inch Circular 16.04 cfs 101.64 ft 4.89 ft/s
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Design:Trial-1

Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation N/A ft Storm Event Design

Computed Headwater Elevation 102.33 ft Discharge 16.04 cfs

Headwater Depth/Height 0.93 Tailwater Elevation N/A ft

Inlet Control HW Elev. 102.14 ft Control Type Outlet Control

Outlet Control HW Elev. 102.33 ft

Grades

Upstream Invert 100.00 ft Downstream Invert 99.75 ft

Length 50.00 ft Constructed Slope 0.005000 ft/ft

Hydraulic Profile

Profile M2 Depth, Downstream 1.35 ft

Slope Type Mild Normal Depth 2.10 ft

Flow Regime Subcritical Critical Depth 1.35 ft

Velocity Downstream 5.92 ft/s Critical Slope 0.016027 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.024

Section Material CMP Span 2.50 ft

Section Size 30 inch Rise 2.50 ft

Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 102.33 ft Upstream Velocity Head 0.28 ft

Ke 0.90 Entrance Loss 0.25 ft

Inlet Control Properties

Inlet Control HW Elev. 102.14 ft Flow Control Unsubmerged

Inlet Type Projecting Area Full 4.9 ft²

K 0.03400 HDS 5 Chart 2

M 1.50000 HDS 5 Scale 3

C 0.05530 Equation Form 1

Y 0.54000
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Design:Trial-2

Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation N/A ft Storm Event Design

Computed Headwater Elevation 101.73 ft Discharge 16.04 cfs

Headwater Depth/Height 0.87 Tailwater Elevation N/A ft

Inlet Control HW Elev. 101.56 ft Control Type Outlet Control

Outlet Control HW Elev. 101.73 ft

Grades

Upstream Invert 100.00 ft Downstream Invert 99.75 ft

Length 50.00 ft Constructed Slope 0.005000 ft/ft

Hydraulic Profile

Profile M2 Depth, Downstream 1.01 ft

Slope Type Mild Normal Depth 1.52 ft

Flow Regime Subcritical Critical Depth 1.01 ft

Velocity Downstream 5.05 ft/s Critical Slope 0.016671 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.024

Section Material CMP Span 2.00 ft

Section Size 24 inch Rise 2.00 ft

Number Sections 2

Outlet Control Properties

Outlet Control HW Elev. 101.73 ft Upstream Velocity Head 0.19 ft

Ke 0.90 Entrance Loss 0.17 ft

Inlet Control Properties

Inlet Control HW Elev. 101.56 ft Flow Control Unsubmerged

Inlet Type Projecting Area Full 6.3 ft²

K 0.03400 HDS 5 Chart 2

M 1.50000 HDS 5 Scale 3

C 0.05530 Equation Form 1

Y 0.54000
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Design:Trial-3

Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation N/A ft Storm Event Design

Computed Headwater Elevation 101.64 ft Discharge 16.04 cfs

Headwater Depth/Height 1.10 Tailwater Elevation N/A ft

Inlet Control HW Elev. 101.46 ft Control Type Outlet Control

Outlet Control HW Elev. 101.64 ft

Grades

Upstream Invert 100.00 ft Downstream Invert 99.75 ft

Length 50.00 ft Constructed Slope 0.005000 ft/ft

Hydraulic Profile

Profile M2 Depth, Downstream 0.89 ft

Slope Type Mild Normal Depth N/A ft

Flow Regime Subcritical Critical Depth 0.89 ft

Velocity Downstream 4.89 ft/s Critical Slope 0.020182 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.024

Section Material CMP Span 1.50 ft

Section Size 18 inch Rise 1.50 ft

Number Sections 3

Outlet Control Properties

Outlet Control HW Elev. 101.64 ft Upstream Velocity Head 0.16 ft

Ke 0.90 Entrance Loss 0.14 ft

Inlet Control Properties

Inlet Control HW Elev. 101.46 ft Flow Control Unsubmerged

Inlet Type Projecting Area Full 5.3 ft²

K 0.03400 HDS 5 Chart 2

M 1.50000 HDS 5 Scale 3

C 0.05530 Equation Form 1

Y 0.54000
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Peak Discharge Method: User-Specified

Design Discharge 9.25 cfs Check Discharge 0.00 cfs

Grades Model: Inverts

Invert Upstream 100.00 ft Invert Downstream 99.75 ft

Length 50.00 ft Slope 0.005000 ft/ft

Drop 0.25 ft

Headwater Model: Unspecified

Tailwater Conditions: Constant Tailwater

Tailwater Elevation N/A ft

Name  Description  Discharge  HW Elev.  Velocity

x Trial-1 1-24 inch Circular 9.25 cfs 101.90 ft 5.31 ft/s

Trial-2 2-18 inch Circular 9.25 cfs 101.48 ft 4.64 ft/s
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Design:Trial-1

Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation N/A ft Storm Event Design

Computed Headwater Elevation 101.90 ft Discharge 9.25 cfs

Headwater Depth/Height 0.95 Tailwater Elevation N/A ft

Inlet Control HW Elev. 101.72 ft Control Type Outlet Control

Outlet Control HW Elev. 101.90 ft

Grades

Upstream Invert 100.00 ft Downstream Invert 99.75 ft

Length 50.00 ft Constructed Slope 0.005000 ft/ft

Hydraulic Profile

Profile M2 Depth, Downstream 1.09 ft

Slope Type Mild Normal Depth 1.81 ft

Flow Regime Subcritical Critical Depth 1.09 ft

Velocity Downstream 5.31 ft/s Critical Slope 0.017302 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.024

Section Material CMP Span 2.00 ft

Section Size 24 inch Rise 2.00 ft

Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 101.90 ft Upstream Velocity Head 0.21 ft

Ke 0.90 Entrance Loss 0.19 ft

Inlet Control Properties

Inlet Control HW Elev. 101.72 ft Flow Control Unsubmerged

Inlet Type Projecting Area Full 3.1 ft²

K 0.03400 HDS 5 Chart 2

M 1.50000 HDS 5 Scale 3

C 0.05530 Equation Form 1

Y 0.54000
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Design:Trial-2

Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation N/A ft Storm Event Design

Computed Headwater Elevation 101.48 ft Discharge 9.25 cfs

Headwater Depth/Height 0.99 Tailwater Elevation N/A ft

Inlet Control HW Elev. 101.32 ft Control Type Outlet Control

Outlet Control HW Elev. 101.48 ft

Grades

Upstream Invert 100.00 ft Downstream Invert 99.75 ft

Length 50.00 ft Constructed Slope 0.005000 ft/ft

Hydraulic Profile

Profile M2 Depth, Downstream 0.83 ft

Slope Type Mild Normal Depth N/A ft

Flow Regime Subcritical Critical Depth 0.83 ft

Velocity Downstream 4.64 ft/s Critical Slope 0.019187 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.024

Section Material CMP Span 1.50 ft

Section Size 18 inch Rise 1.50 ft

Number Sections 2

Outlet Control Properties

Outlet Control HW Elev. 101.48 ft Upstream Velocity Head 0.14 ft

Ke 0.90 Entrance Loss 0.13 ft

Inlet Control Properties

Inlet Control HW Elev. 101.32 ft Flow Control Unsubmerged

Inlet Type Projecting Area Full 3.5 ft²

K 0.03400 HDS 5 Chart 2

M 1.50000 HDS 5 Scale 3

C 0.05530 Equation Form 1

Y 0.54000



Culvert Design Report

B46

Title: BoulderBrush

n:\...\boulderbrush.cvm

06/07/19  02:40:21 PM

Westwood Professional Services

© Bentley Systems, Inc.    Haestad Methods Solution Center    Watertown, CT 06795 USA    +1-203-755-1666

Project Engineer: TPGlaza

CulvertMaster v3.3 [03.03.00.04]

Page 65

Design:Trial-1

Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation N/A ft Storm Event Design

Computed Headwater Elevation 101.50 ft Discharge 4.69 cfs

Headwater Depth/Height 1.00 Tailwater Elevation N/A ft

Inlet Control HW Elev. 101.33 ft Control Type Outlet Control

Outlet Control HW Elev. 101.50 ft

Grades

Upstream Invert 100.00 ft Downstream Invert 99.75 ft

Length 50.00 ft Constructed Slope 0.005000 ft/ft

Hydraulic Profile

Profile M2 Depth, Downstream 0.83 ft

Slope Type Mild Normal Depth N/A ft

Flow Regime Subcritical Critical Depth 0.83 ft

Velocity Downstream 4.66 ft/s Critical Slope 0.019276 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.024

Section Material CMP Span 1.50 ft

Section Size 18 inch Rise 1.50 ft

Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 101.50 ft Upstream Velocity Head 0.14 ft

Ke 0.90 Entrance Loss 0.13 ft

Inlet Control Properties

Inlet Control HW Elev. 101.33 ft Flow Control Unsubmerged

Inlet Type Projecting Area Full 1.8 ft²

K 0.03400 HDS 5 Chart 2

M 1.50000 HDS 5 Scale 3

C 0.05530 Equation Form 1

Y 0.54000
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Peak Discharge Method: User-Specified

Design Discharge 0.78 cfs Check Discharge 0.00 cfs

Grades Model: Inverts

Invert Upstream 100.00 ft Invert Downstream 99.75 ft

Length 50.00 ft Slope 0.005000 ft/ft

Drop 0.25 ft

Headwater Model: Unspecified

Tailwater Conditions: Constant Tailwater

Tailwater Elevation N/A ft

Name  Description  Discharge  HW Elev.  Velocity

x Trial-1 1-18 inch Circular 0.78 cfs 100.54 ft 2.72 ft/s
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Design:Trial-1

Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation N/A ft Storm Event Design

Computed Headwater Elevation 100.54 ft Discharge 0.78 cfs

Headwater Depth/Height 0.36 Tailwater Elevation N/A ft

Inlet Control HW Elev. 100.45 ft Control Type Outlet Control

Outlet Control HW Elev. 100.54 ft

Grades

Upstream Invert 100.00 ft Downstream Invert 99.75 ft

Length 50.00 ft Constructed Slope 0.005000 ft/ft

Hydraulic Profile

Profile M2 Depth, Downstream 0.33 ft

Slope Type Mild Normal Depth 0.45 ft

Flow Regime Subcritical Critical Depth 0.33 ft

Velocity Downstream 2.72 ft/s Critical Slope 0.016980 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.024

Section Material CMP Span 1.50 ft

Section Size 18 inch Rise 1.50 ft

Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 100.54 ft Upstream Velocity Head 0.05 ft

Ke 0.90 Entrance Loss 0.04 ft

Inlet Control Properties

Inlet Control HW Elev. 100.45 ft Flow Control Unsubmerged

Inlet Type Projecting Area Full 1.8 ft²

K 0.03400 HDS 5 Chart 2

M 1.50000 HDS 5 Scale 3

C 0.05530 Equation Form 1

Y 0.54000
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Peak Discharge Method: User-Specified

Design Discharge 28.91 cfs Check Discharge 0.00 cfs

Grades Model: Inverts

Invert Upstream 100.00 ft Invert Downstream 99.75 ft

Length 50.00 ft Slope 0.005000 ft/ft

Drop 0.25 ft

Headwater Model: Unspecified

Tailwater Conditions: Constant Tailwater

Tailwater Elevation N/A ft

Name  Description  Discharge  HW Elev.  Velocity

x Trial-1 1-36 inch Circular 28.91 cfs 103.03 ft 6.80 ft/s

Trial-2 2-24 inch Circular 28.91 cfs 102.71 ft 6.30 ft/s

Trial-3 4-18 inch Circular 28.91 cfs 102.29 ft 5.52 ft/s
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Design:Trial-1

Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation N/A ft Storm Event Design

Computed Headwater Elevation 103.03 ft Discharge 28.91 cfs

Headwater Depth/Height 1.01 Tailwater Elevation N/A ft

Inlet Control HW Elev. 102.82 ft Control Type Outlet Control

Outlet Control HW Elev. 103.03 ft

Grades

Upstream Invert 100.00 ft Downstream Invert 99.75 ft

Length 50.00 ft Constructed Slope 0.005000 ft/ft

Hydraulic Profile

Profile M2 Depth, Downstream 1.74 ft

Slope Type Mild Normal Depth N/A ft

Flow Regime Subcritical Critical Depth 1.74 ft

Velocity Downstream 6.80 ft/s Critical Slope 0.015737 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.024

Section Material CMP Span 3.00 ft

Section Size 36 inch Rise 3.00 ft

Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 103.03 ft Upstream Velocity Head 0.39 ft

Ke 0.90 Entrance Loss 0.35 ft

Inlet Control Properties

Inlet Control HW Elev. 102.82 ft Flow Control Unsubmerged

Inlet Type Projecting Area Full 7.1 ft²

K 0.03400 HDS 5 Chart 2

M 1.50000 HDS 5 Scale 3

C 0.05530 Equation Form 1

Y 0.54000
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Design:Trial-2

Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation N/A ft Storm Event Design

Computed Headwater Elevation 102.71 ft Discharge 28.91 cfs

Headwater Depth/Height 1.35 Tailwater Elevation N/A ft

Inlet Control HW Elev. 102.38 ft Control Type Outlet Control

Outlet Control HW Elev. 102.71 ft

Grades

Upstream Invert 100.00 ft Downstream Invert 99.75 ft

Length 50.00 ft Constructed Slope 0.005000 ft/ft

Hydraulic Profile

Profile CompositeM2PressureProfile Depth, Downstream 1.37 ft

Slope Type Mild Normal Depth N/A ft

Flow Regime Subcritical Critical Depth 1.37 ft

Velocity Downstream 6.30 ft/s Critical Slope 0.021031 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.024

Section Material CMP Span 2.00 ft

Section Size 24 inch Rise 2.00 ft

Number Sections 2

Outlet Control Properties

Outlet Control HW Elev. 102.71 ft Upstream Velocity Head 0.33 ft

Ke 0.90 Entrance Loss 0.30 ft

Inlet Control Properties

Inlet Control HW Elev. 102.38 ft Flow Control Unsubmerged

Inlet Type Projecting Area Full 6.3 ft²

K 0.03400 HDS 5 Chart 2

M 1.50000 HDS 5 Scale 3

C 0.05530 Equation Form 1

Y 0.54000
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Design:Trial-3

Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation N/A ft Storm Event Design

Computed Headwater Elevation 102.29 ft Discharge 28.91 cfs

Headwater Depth/Height 1.53 Tailwater Elevation N/A ft

Inlet Control HW Elev. 101.82 ft Control Type Outlet Control

Outlet Control HW Elev. 102.29 ft

Grades

Upstream Invert 100.00 ft Downstream Invert 99.75 ft

Length 50.00 ft Constructed Slope 0.005000 ft/ft

Hydraulic Profile

Profile CompositeM2PressureProfile Depth, Downstream 1.04 ft

Slope Type Mild Normal Depth N/A ft

Flow Regime Subcritical Critical Depth 1.04 ft

Velocity Downstream 5.52 ft/s Critical Slope 0.023527 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.024

Section Material CMP Span 1.50 ft

Section Size 18 inch Rise 1.50 ft

Number Sections 4

Outlet Control Properties

Outlet Control HW Elev. 102.29 ft Upstream Velocity Head 0.26 ft

Ke 0.90 Entrance Loss 0.23 ft

Inlet Control Properties

Inlet Control HW Elev. 101.82 ft Flow Control Unsubmerged

Inlet Type Projecting Area Full 7.1 ft²

K 0.03400 HDS 5 Chart 2

M 1.50000 HDS 5 Scale 3

C 0.05530 Equation Form 1

Y 0.54000
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 Preparation Date: [INSERT DATE OF SWQMP]Template Date: , 2016
LUEG:SW SP SWQMP

Step C: Construction Storm Water BMP Checklist
Minimum Required Standard Construction Storm Water BMPs

If you answer “Yes” to any of the questions below, your project is subject to Table 1 on the following page
(Minimum Required Standard Construction Stormwater BMPs). As noted in Table 1, please select at
least the minimum number of required BMPs, or as many as are feasible for your project.  If no BMP is
selected, an explanation must be given in the box provided.  The following questions are intended to aid
in determining construction BMP requirements for your project.

Note: All selected BMPs below must be included on the BMP plan incorporated into the
construction plan sets.

1. Will there be soil disturbing activities that will result in exposed soil areas?
(This includes minor grading and trenching.)
Reference Table 1 Items A, B, D, and E
Note: Soil disturbances NOT considered significant include, but are not limited to,
change in use, mechanical/electrical/plumbing activities, signs, temporary trailers,
interior remodeling, and minor tenant improvement.

Yes No

2. Will there be asphalt paving, including patching?
Reference Table 1 Items D and F

Yes No

3. Will there be slurries from mortar mixing, coring, or concrete saw cutting?
Reference Table 1 Items D and F

Yes No

4. Will there be solid wastes from concrete demolition and removal, wall
construction, or form work?
Reference Table 1 Items D and F

Yes No

5. Will there be stockpiling (soil, compost, asphalt, concrete, solid waste) for over
24 hours?
Reference Table 1 Items D and F

Yes No

6. Will there be dewatering operations?
Reference Table 1 Items C and D

Yes No

7. Will there be temporary on-site storage of construction materials, including
mortar mix, raw landscaping and soil stabilization materials, treated lumber,
rebar, and plated metal fencing materials?
Reference Table 1 Items E and F

Yes No

8. Will trash or solid waste product be generated from this project?
Reference Table 1 Item F

Yes No

9. Will construction equipment be stored on site (e.g.: fuels, oils, trucks, etc.?)
Reference Table 1 Item F

Yes No

10. Will Portable Sanitary Services (“Porta-potty”) be used on the site?
Reference Table 1 Item F

Yes No
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Table 1 Construction Storm Water BMP Checklist (continued)
Minimum Required

Best Management Practices
(BMPs)

CALTRANS
SW

Handbook
1

Detail or
County Std.

Detail

BMP
Selected

Reference sheet No’s where each
selected BMP is shown on the
plans. If no BMP is selected, an
explanation must be provided.

A. Select Erosion Control Method for Disturbed Slopes (choose at least one for the appropriate
season)

Vegetation Stabilization
Planting

2
 (Summer)

SS-2, SS-4

Hydraulic Stabilization
Hydroseeding

2
(Summer)

SS-4

Bonded Fiber Matrix or
Stabilized Fiber Matrix

3
(Winter)

SS-3

Physical Stabilization
Erosion Control Blanket

3

(Winter)

SS-7

B. Select erosion control method for disturbed flat areas (slope < 5%) (choose at least one)

County Standard Lot Perimeter
Protection Detail

PDS 659
4
,

SC-2

Will use erosion control
measures from Item A on flat
areas also

SS-3, 4, 7

County Standard Desilting Basin
(must treat all site runoff)

PDS 660
5
,

SC-2

Mulch, straw, wood chips, soil
application

SS-6, SS-8

1
 State of California Department of Transportation (Caltrans). 2003. Storm Water Quality Handbooks,

Construction Site Best Management Practices (BMPs) Manual. March. Available online at:
http://www.dot.ca.gov/hq/construc/stormwater/manuals.htm.
2
 If Vegetation Stabilization (Planting or Hydroseeding) is proposed for erosion control it may be installed

between May 1st and August 15th. Slope irrigation is in place and needs to be operable for slopes >3
feet. Vegetation must be watered and established prior to October 1st. The owner must implement a
contingency physical BMP by August 15th if vegetation establishment does not occur by that date. If
landscaping is proposed, erosion control measures must also be used while landscaping is being
established. Established vegetation must have a subsurface mat of intertwined mature roots with a
uniform vegetative coverage of 70 percent of the natural vegetative coverage or more on all disturbed
areas.
3
 All slopes over three feet must have established vegetative cover prior to final permit approval.

4
 County of San Diego, Planning & Development Services. 2012. Standard Lot Perimeter Protection

Design System. Building Division. PDS 659. Available online at
http://www.sandiegocounty.gov/pds/docs/pds659.pdf.
5
 County of San Diego, Planning & Development Services. 2012. County Standard Desilting Basin

for Disturbed Areas of 1 Acre or Less Building Division. PDS 659. Available online at
http://www.sandiegocounty.gov/pds/docs/pds660.pdf.
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Table 1 Construction Storm Water BMP Checklist (continued)
Minimum Required

Best Management Practices
(BMPs)

CALTRANS
SW Handbook

Detail or
County Std.

Detail

BMP
Selected

Reference sheet No’s where each
selected BMP is shown on the plan

If no BMP is selected, an
explanation must be provided.

C. If runoff or dewatering operation is concentrated, velocity must be controlled using an energy
dissipater

Energy Dissipater Outlet
Protection

6
SS-10

D. Select sediment control method for all disturbed areas (choose at least one)

Silt Fence SC-1

Fiber Rolls (Straw Wattles) SC-5

Gravel & Sand Bags SC-6 & 8

Dewatering Filtration NS-2

Storm Drain Inlet Protection SC-10

Engineered Desilting Basin
(sized for 10-year flow)

SC-2

E. Select method for preventing offsite tracking of sediment (choose at least one)

Stabilized Construction Entrance TC-1

Construction Road Stabilization TC-2

Entrance/Exit Tire Wash TC-3

Entrance/Exit Inspection &
Cleaning Facility

TC-1

Street Sweeping and Vacuuming SC-7

F. Select the general site management BMPs

F.1 Materials Management

Material Delivery & Storage WM-1

Spill Prevention and Control WM-4

F.2 Waste Management
7

Waste Management
Concrete Waste Management

WM-8

Solid Waste Management WM-5

Sanitary Waste Management WM-9

Hazardous Waste Management WM-6

Note: The Construction General Permit (Order No. 2009-0009-DWQ) also requires all projects not subject

to the BMP Design Manual to comply with runoff reduction requirements through the implementation of

post-construction BMPs as described in Section XIII of the order.

6
 Regional Standard Drawing D-40 – Rip Rap Energy Dissipater is also acceptable for velocity reduction.

7
 Not all projects will have every waste identified. The applicant is responsible for identifying wastes that

will be onsite and applying the appropriate BMP. For example, if concrete will be used, BMP WM-8 must
be selected.
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 Preparation Date: [INSERT DATE OF SWQMP]Template Date: , 2016
LUEG:SW SP SWQMP

Step D: Post-Construction Source Control BMP Checklist
Source Control BMPs

All development projects must implement source control BMPs 4.2.1 through 4.2.6 where applicable and
feasible. See Chapter 4.2 and Appendix E of the County BMP Design Manual for information to
implement source control BMPs shown in this checklist.

Answers for each source control requirement must be pursuant to the following:
"Yes" means the project will implement the source control BMP as described in Chapter 4.2 and/or Appendix
E of the County BMP Design Manual.  Discussion/justification is not required.

"No" means the BMP is applicable to the project but not feasible to implement. Discussion/justification must
be provided.

"N/A" means the BMP is not applicable at the project site because the project does not include the feature
addressed by the BMP (e.g., the project has no outdoor materials storage areas).  Discussion/justification

must be provided.

Note: All selected BMPs below must be included on the BMP plan incorporated into the
construction plan sets.

Source Control Requirement Applied?

4.2.1 Prevention of Illicit Discharges into the MS4 Yes No N/A

4.2.2 Storm Drain Stenciling or Signage Yes No N/A

4.2.3 Protect Outdoor Materials Storage Areas from Rainfall, Run-On,
Runoff, and Wind Dispersal

Yes No N/A

4.2.4 Protect Materials Stored in Outdoor Work Areas from Rainfall,
Run-On, Runoff, and Wind Dispersal

Yes No N/A

4.2.5 Protect Trash Storage Areas from Rainfall, Run-On, Runoff, and
Wind Dispersal

Yes No N/A

4.2.6 Additional BMPs Based on Potential Sources of Runoff

Pollutants (must answer for each source listed below):

A. On-site storm drain inlets Yes No N/A

B. Interior floor drains and elevator shaft sump pumps Yes No N/A

C. Interior parking garages Yes No N/A

D. Need for future indoor & structural pest control Yes No N/A

E. Landscape/outdoor pesticide use Yes No N/A

F. Pools, spas, ponds, fountains, and other water features Yes No N/A

G. Food service Yes No N/A

H. Trash or Refuse areas Yes No N/A

I. Industrial processes Yes No N/A

J. Outdoor storage of equipment or materials Yes No N/A

K. Vehicle and equipment cleaning Yes No N/A

L. Vehicle/equipment repair and maintenance Yes No N/A

M. Fuel dispensing areas Yes No N/A

N. Loading docks Yes No N/A

O. Fire sprinkler test water Yes No N/A

P. Miscellaneous drain or wash water Yes No N/A

Q. Plazas, sidewalks, driveways, and parking lots Yes No N/A

Discussion/justification for all "No" answers shown above:

Attach additional pages as necessary.
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 Preparation Date: [INSERT DATE OF SWQMP]Template Date: , 2016
LUEG:SW SP SWQMP

Step E: Post-Construction Site Design BMP Checklist
Site Design BMPs

All development projects must implement site design BMPs 4.3.1 through 4.3.8 where applicable and
feasible. See Chapter 4.3 and Appendix E of the County BMP Design Manual for information to
implement site design BMPs shown in this checklist.

Answers for each site design requirement must be pursuant to the following:

"Yes" means the project will implement the site design BMP as described in Chapter 4.3 and/or Appendix E

of the County BMP Design Manual.  Discussion/justification is not required.

"No" means the BMP is applicable to the project but not feasible to implement. Discussion/justification must

be provided.

"N/A" means the BMP is not applicable at the project site because the project does not include the feature

addressed by the BMP (e.g., the project site has no existing natural areas to conserve).

Discussion/justification must be provided.

Note: All selected BMPs below must be included on the BMP plan incorporated into the
construction plan sets.

Site Design Requirement Applied?

4.3.1 Maintain Natural Drainage Pathways and Hydrologic Features Yes No N/A

4.3.2 Conserve Natural Areas, Soils, and Vegetation Yes No N/A

4.3.3 Minimize Impervious Area Yes No N/A

4.3.4 Minimize Soil Compaction Yes No N/A

4.3.5 Impervious Area Dispersion Yes No N/A

4.3.6 Runoff Collection Yes No N/A

4.3.7 Landscaping with Native or Drought Tolerant Species Yes No N/A

4.3.8 Harvesting and Using Precipitation Yes No N/A

Discussion/justification for all "No" answers shown above:

Attach additional pages as necessary.
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LUEG:SW Intake

County of San Diego
Storm Water Intake Form for All Permit
Applications

This form must be completed in its entirety and accompany applications for any of the discretionary or
ministerial permits and approvals referenced in Sections 67.809 and 67.811 of the County of San Diego
Watershed Protection, Stormwater Management and Discharge Control Ordinance (WPO). The purpose
of this form is to establish the Stormwater Quality Management Plan (SWQMP) requirements applicable
to the project.

Step 1:  Project identification
Applicant name: APN: Record ID:

Step 2:  Geographic location
Step Answer Progression

Is the project west or east of the Pacific
/ Salton Sea Divide?
See below for discussion and an
exhibit of the Pacific / Salton Sea
Divide.

West Go to Step 3.

East Standard Project requirements apply, including
Standard Project SWQMP.
Complete Standard Project SWQMP.

PDP requirements in the BMP Design Manual only pertain to projects in areas west of the Pacific/Salton
Sea Divide (Region 9 of the Water Quality Control Board). Projects east of the Pacific/Salton Sea Divide
are subject to Standard Project requirements in the County BMP Design Manual and, as applicable,
Post-Construction Standards of the Construction General Permit.

Approximate Project Location

Boulder Brush, LLC Boulder Brush Project MUP



County of San Diego Storm Water Intake Form 2 of 4

LUEG:SW Intake Form

Step 3:  Project type determination (Standard or Priority Development
Project)
Is the project part of another Priority Development Project (PDP)? Yes  No

If so, a PDP SWQMP is required. Go to Step 4.

The project is (select one):  New Development  Redevelopment
1

The total proposed newly created or replaced impervious area is: ____________________ ft
2

The total existing (pre-project) impervious area is: ____________________ ft
2

The total area disturbed by the project is: ____________________ ft
2

Is the project in any of the following categories, (a) through (f)?
2

Yes No (a) New development projects that create 10,000 square feet or more of impervious
surfaces

3
 (collectively over the entire project site). This includes commercial,

industrial, residential, mixed-use, and public development projects on public or private
land.

Yes No (b) Redevelopment projects that create and/or replace 5,000 square feet or more of
impervious surface (collectively over the entire project site on an existing site of
10,000 square feet or more of impervious surfaces). This includes commercial,
industrial, residential, mixed-use, and public development projects on public or private
land.

Yes No (c) New and redevelopment projects that create and/or replace 5,000 square feet or more
of impervious surface (collectively over the entire project site), and support one or
more of the following uses:

(i) Restaurants. This category is defined as a facility that sells prepared foods

and drinks for consumption, including stationary lunch counters and

refreshment stands selling prepared foods and drinks for immediate

consumption (Standard Industrial Classification (SIC) code 5812).

(ii) Hillside development projects. This category includes development on any

natural slope that is twenty-five percent or greater.

(iii) Parking lots. This category is defined as a land area or facility for the

temporary parking or storage of motor vehicles used personally, for business,

or for commerce.

(iv) Streets, roads, highways, freeways, and driveways. This category is defined

as any paved impervious surface used for the transportation of automobiles,

trucks, motorcycles, and other vehicles.

1
 Redevelopment is defined as: The creation, addition, and or replacement of impervious surface on an already

developed site. Examples include the expansion of a building footprint, road widening, the addition to or replacement
of a structure. Replacement of impervious surfaces includes any activity where impervious material(s) are removed,
exposing underlying soil during construction. Redevelopment does not include routine maintenance activities, such as

trenching and resurfacing associated with utility work; pavement grinding; resurfacing existing roadways, sidewalks,
pedestrian ramps, or bike lanes on existing roads; and routine replacement of damaged pavement, such as pothole
repair.
2
 Applicants should note that any development project that will create and/or replace 10,000 square feet or more of

impervious surface (collectively over the entire project site) is considered a new development.
3

For solar energy farm projects, the area of the solar panels does not count toward the total impervious area of the

site.

900,326

5,501,799
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LUEG:SW Intake Form

Project type determination (continued)

Yes No (d) New or redevelopment projects that create and/or replace 2,500 square feet or more
of impervious surface (collectively over the entire project site), and discharging directly
to an Environmentally Sensitive
that is conveyed overland a distance of 200 feet or less from the project to the ESA, or
conveyed in a pipe or open channel any distance as an isolated flow from the project
to the ESA (i.e. not commingled with flows from adjacent lands).

Note: ESAs are areas that include but are not limited to all Clean Water Act
Section 303(d) impaired water bodies; areas designated as Areas of Special
Biological Significance by the State Water Board and San Diego Water Board;
State Water Quality Protected Areas; water bodies designated with the RARE
beneficial use by the State Water Board and San Diego Water Board; and any
other equivalent environmentally sensitive areas which have been identified by
the Copermittees. See BMP Design Manual Section 1.4.2 for additional
guidance.

Yes No (e) New development projects, or redevelopment projects that create and/or replace
5,000 square feet or more of impervious surface, that support one or more of the
following uses:

(i) Automotive repair shops. This category is defined as a facility that is

categorized in any one of the following SIC codes: 5013, 5014, 5541, 7532-

7534, or 7536-7539.

(ii) Retail gasoline outlets (RGOs). This category includes RGOs that meet the

following criteria: (a) 5,000 square feet or more or (b) a projected Average

Daily Traffic (ADT) of 100 or more vehicles per day.

Yes No (f) New or redevelopment projects that result in the disturbance of one or more acres of
land and are expected to generate pollutants post construction.

Note: See BMP Design Manual Section 1.4.2 for additional guidance.

Does the project meet the definition of one or more of the Priority Development Project categories (a)
through (f) listed above?

No  the project is not a Priority Development Project (Standard Project).

Yes  the project is a Priority Development Project (PDP).

Further guidance may be found in Chapter 1 and Table 1-2 of the BMP Design Manual.

________ ft
2
 (A)

________ ft
2
 (B)

The following is for redevelopment PDPs only:

The area of existing (pre-project) impervious area at the project site is:
The total proposed newly created or replaced impervious area is
Percent impervious surface created or replaced (B/A)*100:  _______%
The percent impervious surface created or replaced is (select one based on the above calculation):

less than or equal to fifty percent (50%) only newly created or replaced impervious areas

are considered a PDP and subject to stormwater requirements.
OR

greater than fifty percent (50%) the entire project site is considered a PDP and subject to

stormwater requirements.
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Appendix E 

County of San Diego Watershed 

Protection, Stormwater Management, 

And Discharge Control Ordinance 

 

 

 

 

 

 

 

  

















































































 
 

 

  

 

Appendix F 

Intensity-Duration Design Chart 





 
 

 

 
 
  

 

  

Appendix G 

HEC-RAS / Streamstats  

Inflow Identification Table 

 



Cross Section # Streamstats File Name 100-Year Peak Flow (cfs)

944 6-3-1000 5970

946 6-3-1000 5970

946 6-3-1000 5970

956 6-3-1000 5970

958 5-5-1000-Actual 5840

963 5-5-1000-Actual 5840

966 5-3-1000 5110

974 3-3-996 5020

979 3-3-1000 4920

987 3-1-991 2760

991 3-1-995 2350

996 3-1-1000 2230

1000 4-1-1000 2190

11000 9-1-1000 734

12000 9-2-1000 598

13000 9-3-1000 598

14000 9-4-1000 951

15000 9-3-1000 & 9-4-1000 1549

18000 1-1-1000 1040

18996 1-2-995 1350

19000 1-2-1000 734

21000 6-2-1000 849

22000 5-6-1000 598

23000 5-4-1000 598

24000 5-2-1000 598

25000 3-2-1000 849

29985 2-5-1000 3870

29992 2-3-1000 3770

30000 2-1-1000 3610

31000 2-2-1000 734

32000 2-4-1000 421

40000 6-4-1000 951

50000 8-1-1000 2470

700 700 6230

800 800 5940

1000 1000 5780

1100; 1400 1100 2200 (1100 cfs per x-section)

1200 1200 421

1300 1300 1100

Boulder Brush Facilities HECRAS Cross Section Peak 100-Year Flow 

Southern Gen Tie Cross Sections



 
 

 

 

  

 

 

 

Appendix H 

StreamStats Reports  

 































































































































 

 

 

 

Southern Gen-Tie Access Road  

Cross Sections 
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https://streamstats.usgs.gov/ss/ 1/4

700

 
 

Basin Characteristics

Parameter Code Parameter Description Value Unit

Region ID: CA
Workspace ID: CA20190529161329201000
Clicked Point (Latitude, Longitude): 32.69951, -116.28897
Time: 2019-05-29 11:13:49 -0500
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https://streamstats.usgs.gov/ss/ 2/4

Parameter Code Parameter Description Value Unit

DRNAREA Area that drains to a point on a stream 20.8 square miles

PRECIP Mean Annual Precipitation 20.5 inches

Peak-Flow Statistics Parameters [12 Percent (2.21 square miles) 2012 5113 Region 5 South Coast]

Parameter Code Parameter Name Value Units Min Limit Max Limit

DRNAREA Drainage Area 20.8 square miles 0.04 850

PRECIP Mean Annual Precipitation 20.5 inches 10 45

Peak-Flow Statistics Parameters [88 Percent (16.1 square miles) 2012 5113 Region 6 Desert]

Parameter Code Parameter Name Value Units Min Limit Max Limit

DRNAREA Drainage Area 20.8 square miles 0.04 173

Peak-Flow Statistics Flow Report [12 Percent (2.21 square miles) 2012 5113 Region 5 South Coast]

PIl:  Prediction Interval-Lower, PIu: Prediction Interval-Upper, SEp: Standard Error of Prediction, SE: Standard Error (other --  see report)

Statistic Value Unit PIl PIu SEp

2 Year Peak Flood 269 ft^3/s 50.5 1430 134

5 Year Peak Flood 975 ft^3/s 297 3200 83.1

10 Year Peak Flood 1790 ft^3/s 685 4670 64

25 Year Peak Flood 3170 ft^3/s 1430 7010 51.5

50 Year Peak Flood 4480 ft^3/s 2160 9300 47.6

100 Year Peak Flood 5970 ft^3/s 2870 12400 47.2

200 Year Peak Flood 7750 ft^3/s 3690 16300 47.7
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https://streamstats.usgs.gov/ss/ 3/4

Statistic Value Unit PIl PIu SEp

500 Year Peak Flood 10200 ft^3/s 4620 22300 52

Peak-Flow Statistics Flow Report [88 Percent (16.1 square miles) 2012 5113 Region 6 Desert]

PIl:  Prediction Interval-Lower, PIu: Prediction Interval-Upper, SEp: Standard Error of Prediction, SE: Standard Error (other --  see report)

Statistic Value Unit SEp

2 Year Peak Flood 47.8 ft^3/s 214

5 Year Peak Flood 279 ft^3/s 226

10 Year Peak Flood 701 ft^3/s 248

25 Year Peak Flood 1870 ft^3/s 298

50 Year Peak Flood 3530 ft^3/s 357

100 Year Peak Flood 6270 ft^3/s 444

200 Year Peak Flood 10500 ft^3/s 575

500 Year Peak Flood 19900 ft^3/s 856

Peak-Flow Statistics Flow Report [Area-Averaged]

Statistic Value Unit

2 Year Peak Flood 74.6 ft^3/s

5 Year Peak Flood 363 ft^3/s

10 Year Peak Flood 833 ft^3/s

25 Year Peak Flood 2030 ft^3/s

50 Year Peak Flood 3640 ft^3/s

100 Year Peak Flood 6230 ft^3/s

200 Year Peak Flood 10200 ft^3/s
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https://streamstats.usgs.gov/ss/ 4/4

Statistic Value Unit

500 Year Peak Flood 18700 ft^3/s

Peak-Flow Statistics Citations

Gotvald, A.J., Barth, N.A., Veilleux, A.G., and Parrett, Charles,2012, Methods for determining magnitude and frequency of
floods in California, based on data through water year 2006: U.S. Geological Survey Scientific Investigations Report 2012–
5113, 38 p., 1 pl. (http://pubs.usgs.gov/sir/2012/5113/)

USGS Data Disclaimer: Unless otherwise stated, all data, metadata and related materials are considered to satisfy the quality standards relative to the purpose for

which the data were collected. Although these data and associated metadata have been reviewed for accuracy and completeness and approved for release by the U.S.

Geological Survey (USGS), no warranty expressed or implied is made regarding the display or utility of the data for other purposes, nor on all computer systems, nor

shall the act of distribution constitute any such warranty.

USGS Software Disclaimer: This software has been approved for release by the U.S. Geological Survey (USGS). Although the software has been subjected to rigorous

review, the USGS reserves the right to update the software as needed pursuant to further analysis and review. No warranty, expressed or implied, is made by the USGS

or the U.S. Government as to the functionality of the software and related material nor shall the fact of release constitute any such warranty. Furthermore, the software

is released on condition that neither the USGS nor the U.S. Government shall be held liable for any damages resulting from its authorized or unauthorized use.

USGS Product Names Disclaimer: Any use of trade, firm, or product names is for descriptive purposes only and does not imply endorsement by the U.S. Government.

Application Version: 4.3.0
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Basin Characteristics

Parameter Code Parameter Description Value Unit

Region ID: CA
Workspace ID: CA20190529161009234000
Clicked Point (Latitude, Longitude): 32.70137, -116.29041
Time: 2019-05-29 11:10:36 -0500
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Parameter Code Parameter Description Value Unit

DRNAREA Area that drains to a point on a stream 19 square miles

PRECIP Mean Annual Precipitation 20.6 inches

Peak-Flow Statistics Parameters [12 Percent (2 square miles) 2012 5113 Region 5 South Coast]

Parameter Code Parameter Name Value Units Min Limit Max Limit

DRNAREA Drainage Area 19 square miles 0.04 850

PRECIP Mean Annual Precipitation 20.6 inches 10 45

Peak-Flow Statistics Parameters [88 Percent (14.7 square miles) 2012 5113 Region 6 Desert]

Parameter Code Parameter Name Value Units Min Limit Max Limit

DRNAREA Drainage Area 19 square miles 0.04 173

Peak-Flow Statistics Flow Report [12 Percent (2 square miles) 2012 5113 Region 5 South Coast]

PIl:  Prediction Interval-Lower, PIu: Prediction Interval-Upper, SEp: Standard Error of Prediction, SE: Standard Error (other --  see report)

Statistic Value Unit PIl PIu SEp

2 Year Peak Flood 254 ft^3/s 47.7 1350 134

5 Year Peak Flood 916 ft^3/s 279 3000 83.1

10 Year Peak Flood 1670 ft^3/s 642 4370 64

25 Year Peak Flood 2960 ft^3/s 1340 6540 51.5

50 Year Peak Flood 4170 ft^3/s 2010 8660 47.6

100 Year Peak Flood 5550 ft^3/s 2670 11500 47.2

200 Year Peak Flood 7190 ft^3/s 3430 15100 47.7
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https://streamstats.usgs.gov/ss/ 3/4

Statistic Value Unit PIl PIu SEp

500 Year Peak Flood 9420 ft^3/s 4280 20700 52

Peak-Flow Statistics Flow Report [88 Percent (14.7 square miles) 2012 5113 Region 6 Desert]

PIl:  Prediction Interval-Lower, PIu: Prediction Interval-Upper, SEp: Standard Error of Prediction, SE: Standard Error (other --  see report)

Statistic Value Unit SEp

2 Year Peak Flood 45.7 ft^3/s 214

5 Year Peak Flood 266 ft^3/s 226

10 Year Peak Flood 670 ft^3/s 248

25 Year Peak Flood 1790 ft^3/s 298

50 Year Peak Flood 3370 ft^3/s 357

100 Year Peak Flood 5990 ft^3/s 444

200 Year Peak Flood 10100 ft^3/s 575

500 Year Peak Flood 19000 ft^3/s 856

Peak-Flow Statistics Flow Report [Area-Averaged]

Statistic Value Unit

2 Year Peak Flood 70.6 ft^3/s

5 Year Peak Flood 344 ft^3/s

10 Year Peak Flood 790 ft^3/s

25 Year Peak Flood 1930 ft^3/s

50 Year Peak Flood 3470 ft^3/s

100 Year Peak Flood 5940 ft^3/s

200 Year Peak Flood 9730 ft^3/s
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Statistic Value Unit

500 Year Peak Flood 17800 ft^3/s

Peak-Flow Statistics Citations

Gotvald, A.J., Barth, N.A., Veilleux, A.G., and Parrett, Charles,2012, Methods for determining magnitude and frequency of
floods in California, based on data through water year 2006: U.S. Geological Survey Scientific Investigations Report 2012–
5113, 38 p., 1 pl. (http://pubs.usgs.gov/sir/2012/5113/)

USGS Data Disclaimer: Unless otherwise stated, all data, metadata and related materials are considered to satisfy the quality standards relative to the purpose for

which the data were collected. Although these data and associated metadata have been reviewed for accuracy and completeness and approved for release by the U.S.

Geological Survey (USGS), no warranty expressed or implied is made regarding the display or utility of the data for other purposes, nor on all computer systems, nor

shall the act of distribution constitute any such warranty.

USGS Software Disclaimer: This software has been approved for release by the U.S. Geological Survey (USGS). Although the software has been subjected to rigorous

review, the USGS reserves the right to update the software as needed pursuant to further analysis and review. No warranty, expressed or implied, is made by the USGS

or the U.S. Government as to the functionality of the software and related material nor shall the fact of release constitute any such warranty. Furthermore, the software

is released on condition that neither the USGS nor the U.S. Government shall be held liable for any damages resulting from its authorized or unauthorized use.

USGS Product Names Disclaimer: Any use of trade, firm, or product names is for descriptive purposes only and does not imply endorsement by the U.S. Government.

Application Version: 4.3.0
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Basin Characteristics

Parameter Code Parameter Description Value Unit

Region ID: CA
Workspace ID: CA20190529155929443000
Clicked Point (Latitude, Longitude): 32.70961, -116.29484
Time: 2019-05-29 10:59:46 -0500
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Parameter Code Parameter Description Value Unit

DRNAREA Area that drains to a point on a stream 18.1 square miles

PRECIP Mean Annual Precipitation 20.7 inches

Peak-Flow Statistics Parameters [13 Percent (1.99 square miles) 2012 5113 Region 5 South Coast]

Parameter Code Parameter Name Value Units Min Limit Max Limit

DRNAREA Drainage Area 18.1 square miles 0.04 850

PRECIP Mean Annual Precipitation 20.7 inches 10 45

Peak-Flow Statistics Parameters [87 Percent (13.8 square miles) 2012 5113 Region 6 Desert]

Parameter Code Parameter Name Value Units Min Limit Max Limit

DRNAREA Drainage Area 18.1 square miles 0.04 173

Peak-Flow Statistics Flow Report [13 Percent (1.99 square miles) 2012 5113 Region 5 South Coast]

PIl:  Prediction Interval-Lower, PIu: Prediction Interval-Upper, SEp: Standard Error of Prediction, SE: Standard Error (other --  see report)

Statistic Value Unit PIl PIu SEp

2 Year Peak Flood 247 ft^3/s 46.4 1310 134

5 Year Peak Flood 887 ft^3/s 271 2910 83.1

10 Year Peak Flood 1620 ft^3/s 621 4230 64

25 Year Peak Flood 2860 ft^3/s 1300 6320 51.5

50 Year Peak Flood 4030 ft^3/s 1940 8360 47.6

100 Year Peak Flood 5360 ft^3/s 2580 11100 47.2

200 Year Peak Flood 6940 ft^3/s 3310 14500 47.7
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Statistic Value Unit PIl PIu SEp

500 Year Peak Flood 9070 ft^3/s 4130 19900 52

Peak-Flow Statistics Flow Report [87 Percent (13.8 square miles) 2012 5113 Region 6 Desert]

PIl:  Prediction Interval-Lower, PIu: Prediction Interval-Upper, SEp: Standard Error of Prediction, SE: Standard Error (other --  see report)

Statistic Value Unit SEp

2 Year Peak Flood 44.6 ft^3/s 214

5 Year Peak Flood 260 ft^3/s 226

10 Year Peak Flood 654 ft^3/s 248

25 Year Peak Flood 1740 ft^3/s 298

50 Year Peak Flood 3290 ft^3/s 357

100 Year Peak Flood 5840 ft^3/s 444

200 Year Peak Flood 9830 ft^3/s 575

500 Year Peak Flood 18500 ft^3/s 856

Peak-Flow Statistics Flow Report [Area-Averaged]

Statistic Value Unit

2 Year Peak Flood 70 ft^3/s

5 Year Peak Flood 339 ft^3/s

10 Year Peak Flood 775 ft^3/s

25 Year Peak Flood 1890 ft^3/s

50 Year Peak Flood 3380 ft^3/s

100 Year Peak Flood 5780 ft^3/s

200 Year Peak Flood 9460 ft^3/s
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Statistic Value Unit

500 Year Peak Flood 17300 ft^3/s

Peak-Flow Statistics Citations

Gotvald, A.J., Barth, N.A., Veilleux, A.G., and Parrett, Charles,2012, Methods for determining magnitude and frequency of
floods in California, based on data through water year 2006: U.S. Geological Survey Scientific Investigations Report 2012–
5113, 38 p., 1 pl. (http://pubs.usgs.gov/sir/2012/5113/)

USGS Data Disclaimer: Unless otherwise stated, all data, metadata and related materials are considered to satisfy the quality standards relative to the purpose for

which the data were collected. Although these data and associated metadata have been reviewed for accuracy and completeness and approved for release by the U.S.

Geological Survey (USGS), no warranty expressed or implied is made regarding the display or utility of the data for other purposes, nor on all computer systems, nor

shall the act of distribution constitute any such warranty.

USGS Software Disclaimer: This software has been approved for release by the U.S. Geological Survey (USGS). Although the software has been subjected to rigorous

review, the USGS reserves the right to update the software as needed pursuant to further analysis and review. No warranty, expressed or implied, is made by the USGS

or the U.S. Government as to the functionality of the software and related material nor shall the fact of release constitute any such warranty. Furthermore, the software

is released on condition that neither the USGS nor the U.S. Government shall be held liable for any damages resulting from its authorized or unauthorized use.

USGS Product Names Disclaimer: Any use of trade, firm, or product names is for descriptive purposes only and does not imply endorsement by the U.S. Government.

Application Version: 4.3.0
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Basin Characteristics

Parameter Code Parameter Description Value Unit

Region ID: CA
Workspace ID: CA20190529160232103000
Clicked Point (Latitude, Longitude): 32.71104, -116.29751
Time: 2019-05-29 11:02:48 -0500
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Parameter Code Parameter Description Value Unit

DRNAREA Area that drains to a point on a stream 3.5 square miles

PRECIP Mean Annual Precipitation 19.9 inches

Peak-Flow Statistics Parameters [25 Percent (0.652 square miles) 2012 5113 Region 5 South Coast]

Parameter Code Parameter Name Value Units Min Limit Max Limit

DRNAREA Drainage Area 3.5 square miles 0.04 850

PRECIP Mean Annual Precipitation 19.9 inches 10 45

Peak-Flow Statistics Parameters [75 Percent (1.95 square miles) 2012 5113 Region 6 Desert]

Parameter Code Parameter Name Value Units Min Limit Max Limit

DRNAREA Drainage Area 3.5 square miles 0.04 173

Peak-Flow Statistics Flow Report [25 Percent (0.652 square miles) 2012 5113 Region 5 South Coast]

PIl:  Prediction Interval-Lower, PIu: Prediction Interval-Upper, SEp: Standard Error of Prediction, SE: Standard Error (other --  see report)

Statistic Value Unit PIl PIu SEp

2 Year Peak Flood 79.4 ft^3/s 14.7 428 134

5 Year Peak Flood 254 ft^3/s 76.9 842 83.1

10 Year Peak Flood 429 ft^3/s 163 1130 64

25 Year Peak Flood 692 ft^3/s 311 1540 51.5

50 Year Peak Flood 920 ft^3/s 441 1920 47.6

100 Year Peak Flood 1160 ft^3/s 558 2430 47.2

200 Year Peak Flood 1440 ft^3/s 685 3040 47.7
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Statistic Value Unit PIl PIu SEp

500 Year Peak Flood 1790 ft^3/s 812 3960 52

Peak-Flow Statistics Flow Report [75 Percent (1.95 square miles) 2012 5113 Region 6 Desert]

PIl:  Prediction Interval-Lower, PIu: Prediction Interval-Upper, SEp: Standard Error of Prediction, SE: Standard Error (other --  see report)

Statistic Value Unit SEp

2 Year Peak Flood 19.4 ft^3/s 214

5 Year Peak Flood 113 ft^3/s 226

10 Year Peak Flood 285 ft^3/s 248

25 Year Peak Flood 760 ft^3/s 298

50 Year Peak Flood 1430 ft^3/s 357

100 Year Peak Flood 2540 ft^3/s 444

200 Year Peak Flood 4280 ft^3/s 575

500 Year Peak Flood 8070 ft^3/s 856

Peak-Flow Statistics Flow Report [Area-Averaged]

Statistic Value Unit

2 Year Peak Flood 34.5 ft^3/s

5 Year Peak Flood 149 ft^3/s

10 Year Peak Flood 321 ft^3/s

25 Year Peak Flood 743 ft^3/s

50 Year Peak Flood 1300 ft^3/s

100 Year Peak Flood 2200 ft^3/s

200 Year Peak Flood 3570 ft^3/s
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Statistic Value Unit

500 Year Peak Flood 6500 ft^3/s

Peak-Flow Statistics Citations

Gotvald, A.J., Barth, N.A., Veilleux, A.G., and Parrett, Charles,2012, Methods for determining magnitude and frequency of
floods in California, based on data through water year 2006: U.S. Geological Survey Scientific Investigations Report 2012–
5113, 38 p., 1 pl. (http://pubs.usgs.gov/sir/2012/5113/)

USGS Data Disclaimer: Unless otherwise stated, all data, metadata and related materials are considered to satisfy the quality standards relative to the purpose for

which the data were collected. Although these data and associated metadata have been reviewed for accuracy and completeness and approved for release by the U.S.

Geological Survey (USGS), no warranty expressed or implied is made regarding the display or utility of the data for other purposes, nor on all computer systems, nor

shall the act of distribution constitute any such warranty.

USGS Software Disclaimer: This software has been approved for release by the U.S. Geological Survey (USGS). Although the software has been subjected to rigorous

review, the USGS reserves the right to update the software as needed pursuant to further analysis and review. No warranty, expressed or implied, is made by the USGS

or the U.S. Government as to the functionality of the software and related material nor shall the fact of release constitute any such warranty. Furthermore, the software

is released on condition that neither the USGS nor the U.S. Government shall be held liable for any damages resulting from its authorized or unauthorized use.

USGS Product Names Disclaimer: Any use of trade, firm, or product names is for descriptive purposes only and does not imply endorsement by the U.S. Government.
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Basin Characteristics

Parameter Code Parameter Description Value Unit

Region ID: CA
Workspace ID: CA20190529160527607000
Clicked Point (Latitude, Longitude): 32.71094, -116.29061
Time: 2019-05-29 11:05:50 -0500
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Parameter Code Parameter Description Value Unit

DRNAREA Area that drains to a point on a stream 0.1 square miles

Peak-Flow Statistics Parameters [2012 5113 Region 6 Desert]

Parameter Code Parameter Name Value Units Min Limit Max Limit

DRNAREA Drainage Area 0.1 square miles 0.04 173

Peak-Flow Statistics Flow Report [2012 5113 Region 6 Desert]

PIl:  Prediction Interval-Lower, PIu: Prediction Interval-Upper, SEp: Standard Error of Prediction, SE: Standard Error (other --  see report)

Statistic Value Unit SEp

2 Year Peak Flood 3.21 ft^3/s 214

5 Year Peak Flood 18.7 ft^3/s 226

10 Year Peak Flood 47.1 ft^3/s 248

25 Year Peak Flood 126 ft^3/s 298

50 Year Peak Flood 237 ft^3/s 357

100 Year Peak Flood 421 ft^3/s 444

200 Year Peak Flood 708 ft^3/s 575

500 Year Peak Flood 1330 ft^3/s 856

Peak-Flow Statistics Citations

Gotvald, A.J., Barth, N.A., Veilleux, A.G., and Parrett, Charles,2012, Methods for determining magnitude and frequency of
floods in California, based on data through water year 2006: U.S. Geological Survey Scientific Investigations Report 2012–
5113, 38 p., 1 pl. (http://pubs.usgs.gov/sir/2012/5113/)
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USGS Data Disclaimer: Unless otherwise stated, all data, metadata and related materials are considered to satisfy the quality standards relative to the purpose for

which the data were collected. Although these data and associated metadata have been reviewed for accuracy and completeness and approved for release by the U.S.

Geological Survey (USGS), no warranty expressed or implied is made regarding the display or utility of the data for other purposes, nor on all computer systems, nor

shall the act of distribution constitute any such warranty.

USGS Software Disclaimer: This software has been approved for release by the U.S. Geological Survey (USGS). Although the software has been subjected to rigorous

review, the USGS reserves the right to update the software as needed pursuant to further analysis and review. No warranty, expressed or implied, is made by the USGS

or the U.S. Government as to the functionality of the software and related material nor shall the fact of release constitute any such warranty. Furthermore, the software

is released on condition that neither the USGS nor the U.S. Government shall be held liable for any damages resulting from its authorized or unauthorized use.

USGS Product Names Disclaimer: Any use of trade, firm, or product names is for descriptive purposes only and does not imply endorsement by the U.S. Government.

Application Version: 4.3.0
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Basin Characteristics

Parameter Code Parameter Description Value Unit

Region ID: CA
Workspace ID: CA20190529161152418000
Clicked Point (Latitude, Longitude): 32.70137, -116.29174
Time: 2019-05-29 11:12:12 -0500
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Parameter Code Parameter Description Value Unit

DRNAREA Area that drains to a point on a stream 1 square miles

PRECIP Mean Annual Precipitation 18.9 inches

Peak-Flow Statistics Parameters [25 Percent (0.184 square miles) 2012 5113 Region 5 South Coast]

Parameter Code Parameter Name Value Units Min Limit Max Limit

DRNAREA Drainage Area 1 square miles 0.04 850

PRECIP Mean Annual Precipitation 18.9 inches 10 45

Peak-Flow Statistics Parameters [75 Percent (0.561 square miles) 2012 5113 Region 6 Desert]

Parameter Code Parameter Name Value Units Min Limit Max Limit

DRNAREA Drainage Area 1 square miles 0.04 173

Peak-Flow Statistics Flow Report [25 Percent (0.184 square miles) 2012 5113 Region 5 South Coast]

PIl:  Prediction Interval-Lower, PIu: Prediction Interval-Upper, SEp: Standard Error of Prediction, SE: Standard Error (other --  see report)

Statistic Value Unit PIl PIu SEp

2 Year Peak Flood 32.9 ft^3/s 5.97 182 134

5 Year Peak Flood 96.4 ft^3/s 28.6 325 83.1

10 Year Peak Flood 152 ft^3/s 57 407 64

25 Year Peak Flood 228 ft^3/s 101 515 51.5

50 Year Peak Flood 289 ft^3/s 136 612 47.6

100 Year Peak Flood 351 ft^3/s 166 744 47.2

200 Year Peak Flood 420 ft^3/s 196 900 47.7
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Statistic Value Unit PIl PIu SEp

500 Year Peak Flood 501 ft^3/s 223 1130 52

Peak-Flow Statistics Flow Report [75 Percent (0.561 square miles) 2012 5113 Region 6 Desert]

PIl:  Prediction Interval-Lower, PIu: Prediction Interval-Upper, SEp: Standard Error of Prediction, SE: Standard Error (other --  see report)

Statistic Value Unit SEp

2 Year Peak Flood 10.3 ft^3/s 214

5 Year Peak Flood 60 ft^3/s 226

10 Year Peak Flood 151 ft^3/s 248

25 Year Peak Flood 403 ft^3/s 298

50 Year Peak Flood 760 ft^3/s 357

100 Year Peak Flood 1350 ft^3/s 444

200 Year Peak Flood 2270 ft^3/s 575

500 Year Peak Flood 4280 ft^3/s 856

Peak-Flow Statistics Flow Report [Area-Averaged]

Statistic Value Unit

2 Year Peak Flood 15.9 ft^3/s

5 Year Peak Flood 69 ft^3/s

10 Year Peak Flood 151 ft^3/s

25 Year Peak Flood 360 ft^3/s

50 Year Peak Flood 644 ft^3/s

100 Year Peak Flood 1100 ft^3/s

200 Year Peak Flood 1810 ft^3/s
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Statistic Value Unit

500 Year Peak Flood 3350 ft^3/s

Peak-Flow Statistics Citations

Gotvald, A.J., Barth, N.A., Veilleux, A.G., and Parrett, Charles,2012, Methods for determining magnitude and frequency of
floods in California, based on data through water year 2006: U.S. Geological Survey Scientific Investigations Report 2012–
5113, 38 p., 1 pl. (http://pubs.usgs.gov/sir/2012/5113/)

USGS Data Disclaimer: Unless otherwise stated, all data, metadata and related materials are considered to satisfy the quality standards relative to the purpose for

which the data were collected. Although these data and associated metadata have been reviewed for accuracy and completeness and approved for release by the U.S.

Geological Survey (USGS), no warranty expressed or implied is made regarding the display or utility of the data for other purposes, nor on all computer systems, nor

shall the act of distribution constitute any such warranty.

USGS Software Disclaimer: This software has been approved for release by the U.S. Geological Survey (USGS). Although the software has been subjected to rigorous

review, the USGS reserves the right to update the software as needed pursuant to further analysis and review. No warranty, expressed or implied, is made by the USGS

or the U.S. Government as to the functionality of the software and related material nor shall the fact of release constitute any such warranty. Furthermore, the software

is released on condition that neither the USGS nor the U.S. Government shall be held liable for any damages resulting from its authorized or unauthorized use.

USGS Product Names Disclaimer: Any use of trade, firm, or product names is for descriptive purposes only and does not imply endorsement by the U.S. Government.

Application Version: 4.3.0



 
 

 
 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

  

 

 

 

Appendix I 

Project Discharge Location  

HydroCAD Report Summary 



Tc (min) Hydrulic Length (ft) Average Slope (ft/ft) Area (Acres) Average Curve Number Velocity at Discharge Point (ft/s) Q100 (cfs)

1S-Overall Site 601.99 47,361 0.049 13,418.0 56 8.50 2,402.15

2S-Northern 146.76 7,392 0.0444 526.7 55 10.17 212.88

3S-Far North 180.51 8,712 0.0363 645.0 56 9.19 241.59

4S-Northwest 353.13 32,250 0.077 4,741.7 56 11.33 1,189.84

5S-West-North 264.78 18,585 0.0567 1,723.3 56 8.14 514.79

6S-West-Central 202.05 13,152 0.056 607.8 56 4.98 212.41

7S-West-South 180.65 11,901 0.0597 595.6 56 8.50 222.97

8S-East 73.34 4,794 0.0823 82.9 56 7.49 53.44

9S-Central 549.87 43,945 0.0521 11,721.0 56 8.63 2,212.46

10S-Northwest Central 81.59 5,233 .0.786 165.0 56 8.18 100.33

Tc (min) Hydrulic Length (ft) Average Slope (ft/ft) Area (Acres) Average Curve Number Velocity at Discharge Point (ft/s) Q100 (cfs)

11S-Overall Site 601.99 47,361 0.049 13,418.0 56 8.50 2,402.15

12S-Northern Section 146.76 7,392 0.0444 526.7 55 10.17 212.88

13S-Far North 180.51 8,712 0.0363 645.0 56 9.19 241.59

14S-Northwest 353.13 32,250 0.077 4,741.7 56 11.33 1,189.84

15S-West-North 264.78 18,585 0.0567 1,723.3 56 8.14 514.79

16S-West-Central 202.05 13,152 0.056 607.8 56 4.98 212.41

17S-West-South 180.65 11,901 0.0597 595.6 56 8.50 222.97

18S-East 73.34 4,794 0.0823 82.9 56 7.49 53.44

19S-Central 549.87 43,945 0.0521 11,721.0 56 8.63 2,212.46

10S-Northwest Central 81.59 5,233 .0.786 165.0 56 8.18 100.33

Pre-Development Conditions - Based on Atlas 14 100-Year 24-Hour Storm (7.31 inches)

Post-Development Conditions - Based on Atlas 14 100-Year 24-Hour Storm (7.31 inches)



 

 

 

 

 

 

 

 

 

Appendix J 

Project Discharge Location  

HydroCAD Reports 

 
 

 

 

 

 

 

 

 

  



Pre-Development

Post-Development

1S

Overall Site Discharge

2S

Northern

3S

Far North

4S

Northwest

5S

West-North

6S

West-Central

7S

West-South

8S

East

9S

Central

10S

Northwest Central

11S

Overall Site Discharge

12S

Northern

13S

Far North

14S

Northwest

15S

West-North

16S

West-Central

17S

West-South

18S

East

19S

Central

20S

Northwest Central

Routing Diagram for 2019-06-28 Torrey and BB Discharge Point DAs
Prepared by Westwood,  Printed 11/7/2019

HydroCAD® 10.00-19  s/n 03363  © 2016 HydroCAD Software Solutions LLC

Subcat Reach Pond Link



2019-06-28 Torrey and BB Discharge Point DAs
  Printed  11/7/2019Prepared by Westwood

Page 2HydroCAD® 10.00-19  s/n 03363  © 2016 HydroCAD Software Solutions LLC

Area Listing (selected nodes)

Area

(acres)

CN Description

(subcatchment-numbers)

67,349.976 56   (1S, 3S, 4S, 5S, 6S, 7S, 8S, 9S, 10S, 11S, 13S, 14S, 15S, 16S, 17S, 18S, 19S, 20S)

1,049.361 55   (2S, 12S)

15.908 96 Gravel surface, HSG A  (11S, 19S)

38.695 98 Paved parking, HSG A  (11S, 12S, 13S, 16S, 17S, 19S)

68,453.940 56 TOTAL AREA
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Soil Listing (selected nodes)

Area

(acres)

Soil

Group

Subcatchment

Numbers

54.603 HSG A 11S, 12S, 13S, 16S, 17S, 19S

0.000 HSG B

0.000 HSG C

0.000 HSG D

68,399.337 Other 1S, 2S, 3S, 4S, 5S, 6S, 7S, 8S, 9S, 10S, 11S, 12S, 13S, 14S, 15S, 16S, 17S, 18S,

19S, 20S

68,453.940 TOTAL AREA
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Ground Covers (selected nodes)

HSG-A

(acres)

HSG-B

(acres)

HSG-C

(acres)

HSG-D

(acres)

Other

(acres)

Total

(acres)

Ground

Cover

Subcatchment

Numbers

0.000 0.000 0.000 0.000 68,399.337 68,399.337 1S, 2S, 3S, 4S, 5S, 6S,

7S, 8S, 9S, 10S, 11S,

12S, 13S, 14S, 15S,

16S, 17S, 18S, 19S, 20S

15.908 0.000 0.000 0.000 0.000 15.908 Gravel surface 11S, 19S

38.695 0.000 0.000 0.000 0.000 38.695 Paved parking 11S, 12S, 13S, 16S,

17S, 19S

54.603 0.000 0.000 0.000 68,399.337 68,453.940 TOTAL AREA



CA-Torrey 24-hr S1 100-yr  Rainfall=7.31"2019-06-28 Torrey and BB Discharge Point DAs
  Printed  11/7/2019Prepared by Westwood
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Time span=0.00-40.00 hrs, dt=0.01 hrs, 4001 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Stor-Ind+Trans method  -  Pond routing by Stor-Ind method

Runoff Area=13,418.000 ac   0.00% Impervious   Runoff Depth>2.39"Subcatchment 1S: Overall Site Discharge
   Flow Length=47,361'   Slope=0.0490 '/'   Tc=601.99 min   CN=56   Runoff=2,402.15 cfs  2,671.186 af

Runoff Area=526.700 ac   0.00% Impervious   Runoff Depth=2.32"Subcatchment 2S: Northern
   Flow Length=7,392'   Slope=0.0444 '/'   Tc=146.76 min   CN=55   Runoff=212.88 cfs  101.973 af

Runoff Area=645.000 ac   0.00% Impervious   Runoff Depth=2.42"Subcatchment 3S: Far North
   Flow Length=8,712'   Slope=0.0363 '/'   Tc=180.51 min   CN=56   Runoff=241.59 cfs  130.192 af

Runoff Area=4,741.700 ac   0.00% Impervious   Runoff Depth>2.42"Subcatchment 4S: Northwest
   Flow Length=32,250'   Slope=0.0770 '/'   Tc=353.13 min   CN=56   Runoff=1,189.84 cfs  956.921 af

Runoff Area=1,723.300 ac   0.00% Impervious   Runoff Depth=2.42"Subcatchment 5S: West-North
   Flow Length=18,585'   Slope=0.0567 '/'   Tc=264.78 min   CN=56   Runoff=514.79 cfs  347.845 af

Runoff Area=607.800 ac   0.00% Impervious   Runoff Depth=2.42"Subcatchment 6S: West-Central
   Flow Length=13,152'   Slope=0.0560 '/'   Tc=202.05 min   CN=56   Runoff=212.41 cfs  122.683 af

Runoff Area=595.600 ac   0.00% Impervious   Runoff Depth=2.42"Subcatchment 7S: West-South
   Flow Length=11,901'   Slope=0.0597 '/'   Tc=180.65 min   CN=56   Runoff=222.97 cfs  120.221 af

Runoff Area=82.900 ac   0.00% Impervious   Runoff Depth=2.42"Subcatchment 8S: East
   Flow Length=4,794'   Slope=0.0823 '/'   Tc=74.34 min   CN=56   Runoff=53.44 cfs  16.733 af

Runoff Area=11,721.000 ac   0.00% Impervious   Runoff Depth>2.40"Subcatchment 9S: Central
   Flow Length=43,945'   Slope=0.0521 '/'   Tc=549.87 min   CN=56   Runoff=2,212.46 cfs  2,346.762 af

Runoff Area=164.970 ac   0.00% Impervious   Runoff Depth=2.42"Subcatchment 10S: Northwest Central
   Flow Length=5,233'   Slope=0.0786 '/'   Tc=81.59 min   CN=56   Runoff=100.33 cfs  33.299 af

Runoff Area=13,418.000 ac   0.12% Impervious   Runoff Depth>2.39"Subcatchment 11S: Overall Site Discharge
   Flow Length=47,361'   Slope=0.0490 '/'   Tc=601.99 min   CN=56   Runoff=2,402.15 cfs  2,671.186 af

Runoff Area=526.700 ac   0.77% Impervious   Runoff Depth=2.32"Subcatchment 12S: Northern
   Flow Length=7,392'   Slope=0.0444 '/'   Tc=146.76 min   CN=55   Runoff=212.88 cfs  101.973 af

Runoff Area=645.000 ac   0.27% Impervious   Runoff Depth=2.42"Subcatchment 13S: Far North
   Flow Length=8,712'   Slope=0.0363 '/'   Tc=180.51 min   CN=56   Runoff=241.59 cfs  130.192 af

Runoff Area=4,741.700 ac   0.00% Impervious   Runoff Depth>2.42"Subcatchment 14S: Northwest
   Flow Length=32,250'   Slope=0.0770 '/'   Tc=353.13 min   CN=56   Runoff=1,189.84 cfs  956.921 af

Runoff Area=1,723.300 ac   0.00% Impervious   Runoff Depth=2.42"Subcatchment 15S: West-North
   Flow Length=18,585'   Slope=0.0567 '/'   Tc=264.78 min   CN=56   Runoff=514.79 cfs  347.845 af

Runoff Area=607.800 ac   0.07% Impervious   Runoff Depth=2.42"Subcatchment 16S: West-Central
   Flow Length=13,152'   Slope=0.0560 '/'   Tc=202.05 min   CN=56   Runoff=212.41 cfs  122.683 af
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Runoff Area=595.600 ac   0.16% Impervious   Runoff Depth=2.42"Subcatchment 17S: West-South
   Flow Length=11,901'   Slope=0.0597 '/'   Tc=180.65 min   CN=56   Runoff=222.97 cfs  120.221 af

Runoff Area=82.900 ac   0.00% Impervious   Runoff Depth=2.42"Subcatchment 18S: East
   Flow Length=4,794'   Slope=0.0823 '/'   Tc=74.34 min   CN=56   Runoff=53.44 cfs  16.733 af

Runoff Area=11,721.000 ac   0.13% Impervious   Runoff Depth>2.40"Subcatchment 19S: Central
   Flow Length=43,945'   Slope=0.0521 '/'   Tc=549.87 min   CN=56   Runoff=2,212.46 cfs  2,346.762 af

Runoff Area=164.970 ac   0.00% Impervious   Runoff Depth=2.42"Subcatchment 20S: Northwest Central
   Flow Length=5,233'   Slope=0.0786 '/'   Tc=81.59 min   CN=56   Runoff=100.33 cfs  33.299 af

Total Runoff Area = 68,453.940 ac   Runoff Volume = 13,695.626 af   Average Runoff Depth = 2.40"
99.94% Pervious = 68,415.245 ac     0.06% Impervious = 38.695 ac
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Summary for Subcatchment 1S: Overall Site Discharge

Runoff = 2,402.15 cfs @ 21.40 hrs,  Volume= 2,671.186 af,  Depth> 2.39"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
CA-Torrey 24-hr S1 100-yr  Rainfall=7.31"

Area (ac) CN Description

* 13,418.000 56

13,418.000 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

601.99 47,361 0.0490 1.31 Lag/CN Method,

Subcatchment 1S: Overall Site Discharge

Runoff

Hydrograph

Time  (hours)
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CA-Torrey 24-hr S1 100-yr

Rainfall=7.31"

Runoff Area=13,418.000 ac

Runoff Volume=2,671.186 af

Runoff Depth>2.39"

Flow Length=47,361'

Slope=0.0490 '/'

Tc=601.99 min

CN=56

2,402.15 cfs
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Summary for Subcatchment 2S: Northern

Runoff = 212.88 cfs @ 14.03 hrs,  Volume= 101.973 af,  Depth= 2.32"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
CA-Torrey 24-hr S1 100-yr  Rainfall=7.31"

Area (ac) CN Description

* 526.700 55

526.700 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

146.76 7,392 0.0444 0.84 Lag/CN Method,

Subcatchment 2S: Northern

Runoff

Hydrograph

Time  (hours)
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CA-Torrey 24-hr S1 100-yr

Rainfall=7.31"

Runoff Area=526.700 ac

Runoff Volume=101.973 af

Runoff Depth=2.32"

Flow Length=7,392'

Slope=0.0444 '/'

Tc=146.76 min

CN=55

212.88 cfs
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Summary for Subcatchment 3S: Far North

Runoff = 241.59 cfs @ 14.64 hrs,  Volume= 130.192 af,  Depth= 2.42"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
CA-Torrey 24-hr S1 100-yr  Rainfall=7.31"

Area (ac) CN Description

* 645.000 56

645.000 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

180.51 8,712 0.0363 0.80 Lag/CN Method,

Subcatchment 3S: Far North

Runoff

Hydrograph

Time  (hours)
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CA-Torrey 24-hr S1 100-yr

Rainfall=7.31"

Runoff Area=645.000 ac

Runoff Volume=130.192 af

Runoff Depth=2.42"

Flow Length=8,712'

Slope=0.0363 '/'

Tc=180.51 min

CN=56

241.59 cfs
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Summary for Subcatchment 4S: Northwest

Runoff = 1,189.84 cfs @ 17.26 hrs,  Volume= 956.921 af,  Depth> 2.42"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
CA-Torrey 24-hr S1 100-yr  Rainfall=7.31"

Area (ac) CN Description

* 4,741.700 56

4,741.700 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

353.13 32,250 0.0770 1.52 Lag/CN Method,

Subcatchment 4S: Northwest

Runoff

Hydrograph

Time  (hours)
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CA-Torrey 24-hr S1 100-yr

Rainfall=7.31"

Runoff Area=4,741.700 ac

Runoff Volume=956.921 af

Runoff Depth>2.42"

Flow Length=32,250'

Slope=0.0770 '/'

Tc=353.13 min

CN=56

1,189.84 cfs
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Summary for Subcatchment 5S: West-North

Runoff = 514.79 cfs @ 15.89 hrs,  Volume= 347.845 af,  Depth= 2.42"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
CA-Torrey 24-hr S1 100-yr  Rainfall=7.31"

Area (ac) CN Description

* 1,723.300 56

1,723.300 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

264.78 18,585 0.0567 1.17 Lag/CN Method,

Subcatchment 5S: West-North

Runoff

Hydrograph

Time  (hours)
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CA-Torrey 24-hr S1 100-yr

Rainfall=7.31"

Runoff Area=1,723.300 ac

Runoff Volume=347.845 af

Runoff Depth=2.42"

Flow Length=18,585'

Slope=0.0567 '/'

Tc=264.78 min

CN=56

514.79 cfs
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Summary for Subcatchment 6S: West-Central

Runoff = 212.41 cfs @ 14.83 hrs,  Volume= 122.683 af,  Depth= 2.42"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
CA-Torrey 24-hr S1 100-yr  Rainfall=7.31"

Area (ac) CN Description

* 607.800 56

607.800 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

202.05 13,152 0.0560 1.08 Lag/CN Method,

Subcatchment 6S: West-Central

Runoff

Hydrograph

Time  (hours)
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CA-Torrey 24-hr S1 100-yr

Rainfall=7.31"

Runoff Area=607.800 ac

Runoff Volume=122.683 af

Runoff Depth=2.42"

Flow Length=13,152'

Slope=0.0560 '/'

Tc=202.05 min

CN=56

212.41 cfs
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Summary for Subcatchment 7S: West-South

Runoff = 222.97 cfs @ 14.65 hrs,  Volume= 120.221 af,  Depth= 2.42"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
CA-Torrey 24-hr S1 100-yr  Rainfall=7.31"

Area (ac) CN Description

* 595.600 56

595.600 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

180.65 11,901 0.0597 1.10 Lag/CN Method,

Subcatchment 7S: West-South

Runoff

Hydrograph

Time  (hours)
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CA-Torrey 24-hr S1 100-yr

Rainfall=7.31"

Runoff Area=595.600 ac

Runoff Volume=120.221 af

Runoff Depth=2.42"

Flow Length=11,901'

Slope=0.0597 '/'

Tc=180.65 min

CN=56

222.97 cfs
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Summary for Subcatchment 8S: East

Runoff = 53.44 cfs @ 12.97 hrs,  Volume= 16.733 af,  Depth= 2.42"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
CA-Torrey 24-hr S1 100-yr  Rainfall=7.31"

Area (ac) CN Description

* 82.900 56

82.900 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

74.34 4,794 0.0823 1.07 Lag/CN Method,

Subcatchment 8S: East

Runoff

Hydrograph

Time  (hours)
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CA-Torrey 24-hr S1 100-yr

Rainfall=7.31"

Runoff Area=82.900 ac

Runoff Volume=16.733 af

Runoff Depth=2.42"

Flow Length=4,794'

Slope=0.0823 '/'

Tc=74.34 min

CN=56

53.44 cfs
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Summary for Subcatchment 9S: Central

Runoff = 2,212.46 cfs @ 20.17 hrs,  Volume= 2,346.762 af,  Depth> 2.40"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
CA-Torrey 24-hr S1 100-yr  Rainfall=7.31"

Area (ac) CN Description

* 11,721.000 56

11,721.000 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

549.87 43,945 0.0521 1.33 Lag/CN Method,

Subcatchment 9S: Central

Runoff

Hydrograph

Time  (hours)
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CA-Torrey 24-hr S1 100-yr

Rainfall=7.31"

Runoff Area=11,721.000 ac

Runoff Volume=2,346.762 af

Runoff Depth>2.40"

Flow Length=43,945'

Slope=0.0521 '/'

Tc=549.87 min

CN=56

2,212.46 cfs
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Summary for Subcatchment 10S: Northwest Central

Runoff = 100.33 cfs @ 13.14 hrs,  Volume= 33.299 af,  Depth= 2.42"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
CA-Torrey 24-hr S1 100-yr  Rainfall=7.31"

Area (ac) CN Description

* 164.970 56

164.970 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

81.59 5,233 0.0786 1.07 Lag/CN Method,

Subcatchment 10S: Northwest Central

Runoff

Hydrograph

Time  (hours)
403938373635343332313029282726252423222120191817161514131211109876543210

F
lo

w
(c

fs
)

110

105

100

95

90

85

80

75

70

65

60

55

50

45

40

35

30

25

20

15

10

5

0

CA-Torrey 24-hr S1 100-yr

Rainfall=7.31"

Runoff Area=164.970 ac

Runoff Volume=33.299 af

Runoff Depth=2.42"

Flow Length=5,233'

Slope=0.0786 '/'

Tc=81.59 min

CN=56

100.33 cfs
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Summary for Subcatchment 11S: Overall Site Discharge

Runoff = 2,402.15 cfs @ 21.40 hrs,  Volume= 2,671.186 af,  Depth> 2.39"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
CA-Torrey 24-hr S1 100-yr  Rainfall=7.31"

Area (ac) CN Description

* 13,394.282 56
15.764 98 Paved parking, HSG A
7.954 96 Gravel surface, HSG A

13,418.000 56 Weighted Average
13,402.236 99.88% Pervious Area

15.764 0.12% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

601.99 47,361 0.0490 1.31 Lag/CN Method,

Subcatchment 11S: Overall Site Discharge

Runoff

Hydrograph

Time  (hours)
403938373635343332313029282726252423222120191817161514131211109876543210

F
lo

w
(c

fs
)

2,600

2,400

2,200

2,000

1,800

1,600

1,400

1,200

1,000

800

600

400

200

0

CA-Torrey 24-hr S1 100-yr

Rainfall=7.31"

Runoff Area=13,418.000 ac

Runoff Volume=2,671.186 af

Runoff Depth>2.39"

Flow Length=47,361'

Slope=0.0490 '/'

Tc=601.99 min

CN=56

2,402.15 cfs
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Summary for Subcatchment 12S: Northern

Runoff = 212.88 cfs @ 14.03 hrs,  Volume= 101.973 af,  Depth= 2.32"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
CA-Torrey 24-hr S1 100-yr  Rainfall=7.31"

Area (ac) CN Description

* 522.661 55
4.039 98 Paved parking, HSG A

526.700 55 Weighted Average
522.661 99.23% Pervious Area

4.039 0.77% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

146.76 7,392 0.0444 0.84 Lag/CN Method,

Subcatchment 12S: Northern

Runoff

Hydrograph

Time  (hours)
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CA-Torrey 24-hr S1 100-yr

Rainfall=7.31"

Runoff Area=526.700 ac

Runoff Volume=101.973 af

Runoff Depth=2.32"

Flow Length=7,392'

Slope=0.0444 '/'

Tc=146.76 min

CN=55

212.88 cfs
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Summary for Subcatchment 13S: Far North

Runoff = 241.59 cfs @ 14.64 hrs,  Volume= 130.192 af,  Depth= 2.42"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
CA-Torrey 24-hr S1 100-yr  Rainfall=7.31"

Area (ac) CN Description

* 643.262 56
1.738 98 Paved parking, HSG A

645.000 56 Weighted Average
643.262 99.73% Pervious Area

1.738 0.27% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

180.51 8,712 0.0363 0.80 Lag/CN Method,

Subcatchment 13S: Far North

Runoff

Hydrograph

Time  (hours)
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CA-Torrey 24-hr S1 100-yr

Rainfall=7.31"

Runoff Area=645.000 ac

Runoff Volume=130.192 af

Runoff Depth=2.42"

Flow Length=8,712'

Slope=0.0363 '/'

Tc=180.51 min

CN=56

241.59 cfs
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Summary for Subcatchment 14S: Northwest

Runoff = 1,189.84 cfs @ 17.26 hrs,  Volume= 956.921 af,  Depth> 2.42"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
CA-Torrey 24-hr S1 100-yr  Rainfall=7.31"

Area (ac) CN Description

* 4,741.700 56

4,741.700 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

353.13 32,250 0.0770 1.52 Lag/CN Method,

Subcatchment 14S: Northwest

Runoff

Hydrograph

Time  (hours)
403938373635343332313029282726252423222120191817161514131211109876543210

F
lo

w
(c

fs
)

1,300

1,200

1,100

1,000

900

800

700

600

500

400

300

200

100

0

CA-Torrey 24-hr S1 100-yr

Rainfall=7.31"

Runoff Area=4,741.700 ac

Runoff Volume=956.921 af

Runoff Depth>2.42"

Flow Length=32,250'

Slope=0.0770 '/'

Tc=353.13 min

CN=56

1,189.84 cfs
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Summary for Subcatchment 15S: West-North

Runoff = 514.79 cfs @ 15.89 hrs,  Volume= 347.845 af,  Depth= 2.42"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
CA-Torrey 24-hr S1 100-yr  Rainfall=7.31"

Area (ac) CN Description

* 1,723.300 56

1,723.300 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

264.78 18,585 0.0567 1.17 Lag/CN Method,

Subcatchment 15S: West-North

Runoff

Hydrograph

Time  (hours)
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CA-Torrey 24-hr S1 100-yr

Rainfall=7.31"

Runoff Area=1,723.300 ac

Runoff Volume=347.845 af

Runoff Depth=2.42"

Flow Length=18,585'

Slope=0.0567 '/'

Tc=264.78 min

CN=56

514.79 cfs
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Summary for Subcatchment 16S: West-Central

Runoff = 212.41 cfs @ 14.83 hrs,  Volume= 122.683 af,  Depth= 2.42"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
CA-Torrey 24-hr S1 100-yr  Rainfall=7.31"

Area (ac) CN Description

* 607.360 56
0.440 98 Paved parking, HSG A

607.800 56 Weighted Average
607.360 99.93% Pervious Area

0.440 0.07% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

202.05 13,152 0.0560 1.08 Lag/CN Method,

Subcatchment 16S: West-Central

Runoff

Hydrograph

Time  (hours)
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CA-Torrey 24-hr S1 100-yr

Rainfall=7.31"

Runoff Area=607.800 ac

Runoff Volume=122.683 af

Runoff Depth=2.42"

Flow Length=13,152'

Slope=0.0560 '/'

Tc=202.05 min

CN=56

212.41 cfs
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Summary for Subcatchment 17S: West-South

Runoff = 222.97 cfs @ 14.65 hrs,  Volume= 120.221 af,  Depth= 2.42"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
CA-Torrey 24-hr S1 100-yr  Rainfall=7.31"

Area (ac) CN Description

* 594.650 56
0.950 98 Paved parking, HSG A

595.600 56 Weighted Average
594.650 99.84% Pervious Area

0.950 0.16% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

180.65 11,901 0.0597 1.10 Lag/CN Method,

Subcatchment 17S: West-South

Runoff

Hydrograph

Time  (hours)
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CA-Torrey 24-hr S1 100-yr

Rainfall=7.31"

Runoff Area=595.600 ac

Runoff Volume=120.221 af

Runoff Depth=2.42"

Flow Length=11,901'

Slope=0.0597 '/'

Tc=180.65 min

CN=56

222.97 cfs
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Summary for Subcatchment 18S: East

Runoff = 53.44 cfs @ 12.97 hrs,  Volume= 16.733 af,  Depth= 2.42"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
CA-Torrey 24-hr S1 100-yr  Rainfall=7.31"

Area (ac) CN Description

* 82.900 56

82.900 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

74.34 4,794 0.0823 1.07 Lag/CN Method,

Subcatchment 18S: East

Runoff

Hydrograph

Time  (hours)
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CA-Torrey 24-hr S1 100-yr

Rainfall=7.31"

Runoff Area=82.900 ac

Runoff Volume=16.733 af

Runoff Depth=2.42"

Flow Length=4,794'

Slope=0.0823 '/'

Tc=74.34 min

CN=56

53.44 cfs



CA-Torrey 24-hr S1 100-yr  Rainfall=7.31"2019-06-28 Torrey and BB Discharge Point DAs
  Printed  11/7/2019Prepared by Westwood

Page 25HydroCAD® 10.00-19  s/n 03363  © 2016 HydroCAD Software Solutions LLC

Summary for Subcatchment 19S: Central

Runoff = 2,212.46 cfs @ 20.17 hrs,  Volume= 2,346.762 af,  Depth> 2.40"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
CA-Torrey 24-hr S1 100-yr  Rainfall=7.31"

Area (ac) CN Description

* 11,697.282 56
15.764 98 Paved parking, HSG A
7.954 96 Gravel surface, HSG A

11,721.000 56 Weighted Average
11,705.236 99.87% Pervious Area

15.764 0.13% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

549.87 43,945 0.0521 1.33 Lag/CN Method,

Subcatchment 19S: Central

Runoff

Hydrograph

Time  (hours)
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CA-Torrey 24-hr S1 100-yr

Rainfall=7.31"

Runoff Area=11,721.000 ac

Runoff Volume=2,346.762 af

Runoff Depth>2.40"

Flow Length=43,945'

Slope=0.0521 '/'

Tc=549.87 min

CN=56

2,212.46 cfs
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Summary for Subcatchment 20S: Northwest Central

Runoff = 100.33 cfs @ 13.14 hrs,  Volume= 33.299 af,  Depth= 2.42"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
CA-Torrey 24-hr S1 100-yr  Rainfall=7.31"

Area (ac) CN Description

* 164.970 56

164.970 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

81.59 5,233 0.0786 1.07 Lag/CN Method,

Subcatchment 20S: Northwest Central

Runoff

Hydrograph
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CA-Torrey 24-hr S1 100-yr

Rainfall=7.31"

Runoff Area=164.970 ac

Runoff Volume=33.299 af

Runoff Depth=2.42"

Flow Length=5,233'

Slope=0.0786 '/'

Tc=81.59 min

CN=56

100.33 cfs



 

 

 

 

 

Appendix K 

Isopluvial Maps 
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Appendix L 

Manning’s Numbers Table 
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