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I. INTRODUCTION 
 

A. STUDY OVERVIEW AND PURPOSE 
 
This proposed project is Phase 2 of the construction of the Village 24 Western Boundary 
and addresses paving and public utility installation in the proposed roadway. The Technical 
Drainage Study for Summerlin Village 24 Western Boundary Grading and Drainage 
(hereinafter referred to as the Phase 1 study) was approved by the City of Las Vegas (CLV) 
on July 24, 2018 and addressed Phase 1 of the proposed project. Phase 1 of the project 
established the subgrade of the roadway and provided drainage swales and storm drain 
infrastructure to protect the rough grading and Village 24. The Phase 1 study established 
hydrologic patterns that have been referenced for this report. 

 
This Phase 2 proposes to construct pavement and curb & gutter on the east half of the 
proposed roadway. Drop inlets proposed on the east half of the roadway tie into existing 
storm drain stubs constructed with Phase 1. Full street improvements and concrete culvert 
crossing are proposed at the COS washes. Landscaped mounding is proposed between the 
proposed roadway and the Village 24 boundary.  

 
The methodology presented in this study is in accordance with the criteria set forth in the 
Clark County Regional Flood Control District (CCRFCD) Hydrologic Criteria and Drainage 
Design Manual (HCDDM) (Reference 1, hereinafter referred to as the Manual). 
 

B. LOCATION 
 

The proposed project is located within a portion of Section 33, Township 20 South, Range 
59 East, M.D.M, Clark County, Nevada. Specifically, the site is located of the intersection of 
Alta Drive and Crossbridge Drive in the Summerlin Master Plan Community. (Refer to 
Figure 1: Vicinity Map included in Appendix A). 

 
C. DESCRIPTION 
 
The existing site slopes to the east at approximately 6% to 7% and is bounded by 
undeveloped land to the east and west. Currently, the site is adjacent to the future 
Summerlin Village 24 Parcels I, J, and K (Refer to Figure 2: Site Description Map) 

 
D. FLOODPLAIN INFORMATION 

 
According to the Federal Emergency Management Agency (FEMA) Flood Insurance Rate 
Map (FIRM) Community Panel Numbers 32003C2150E, Clark County, Nevada, and 
Incorporated Areas, dated September 17, 2002, (Reference 2) most of the site is located 
within a Zone “X”.   A Zone “X” is described as an area determined to be outside the 0.2% 
annual chance floodplain.  (Refer to Figure 3: Flood Insurance Rate Map) 

 
E. MASTER PLANNING INFORMATION 
 
The proposed site is delineated on Figures F-27 and W-6, which were referenced from the 
2018 CCRFCD Las Vegas Valley Flood Control Master Plan Update (Reference 3, hereinafter 
referred to as the MPU).  The site lies within MPU sub-basin RD2 and RD5 and is not 
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adjacent to any existing or proposed CCRFCD facilities. (Refer to Figure 4B: MPU Facilities 
Map and Figure 4C: MPU Hydrologic Map) 

 

F. REFERENCED HYDROLOGY STUDIES 

 
The following drainage studies have been reviewed and referenced for the purposes of this 
report: 

 
• Technical Drainage Study for Summerlin Village 24 Western Boundary Grading and 

Drainage, by G.C. Wallace Inc. (Reference 4, hereinafter referred to as the Village 24 
Conceptual Study) 

 
The referenced drainage studies have been reviewed and have been determined to be 
acceptable for use. Pertinent reference material has been included in Appendix D.  
 

II. HYDROLOGIC ANALYSIS 
 

Hydrologic analysis including relevant flow patterns and flow rates for the project was 
previously addressed in the Phase 1 study and has been fully referenced for this report. 
Pertinent reference material has been included in Appendix D. A description of each 
drainage condition is discussed in more detail in the following sections of this report. 

 
A. EXISTING CONDITION ANALYSIS 

 

Existing condition for the project was previously analyzed in the Phase 1 study, and 
this project assumes that the Phase 1 improvements are constructed. Existing 
condition for the project is depicted on the referenced Phase 1 Study Figure 9: 
Interim Condition Basin Map in Appendix C. In existing condition, the proposed 
roadway is rough graded to subgrade, and offsite flow generated to the west is 
conveyed through the site by existing COS washes. Flows generated onsite are 
discharged to three locations: 
 

A) The existing 66-RCP stub located at Crossbridge Drive 
B) The existing wash COS-1 
C) The existing wash COS-3 

 

B. PROPOSED CONDITION ANALYSIS 
 

Interim condition for the project assumes that the proposed east half-street 
improvements are fully constructed, and the west half street remains rough graded 
with no pavement with the exception of the segments of roadway crossing the COS-
washes. Offsite areas are consistent with existing condition and offsite flows do not 
enter the street. Flows are discharged to the same three locations as described in 
existing condition. Onsite flow rates for the developed street has been referenced 
from the Phase 1 Study ultimate condition. The referenced developed onsite basins 
ONA, ONB, AND ONC have been prorated to determine the specific flow rates within 
the street. A majority of flow within the landscaped area will be directed to the 
swales along the boundary of Village 24 constructed with Phase 1. The small 
portions of the landscaped areas that will flow into the street have been accounted 
for in the prorate calculations. The referenced Phase 1 study has accounted for the 
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flow generated in the fully developed condition, and therefore the proposed street 
improvements shall not negatively impact downstream facilities or properties. Refer 
to Figure 5: Proposed Condition Basin Map for a depiction of the proposed condition 
and flow rates. 

 
C. ULTIMATE CONDITION ANALYSIS 

 

Ultimate condition was previously addressed in the Phase 1 study; therefore an 
additional ultimate condition analysis is not required with this report. Refer to the 
referenced Figure 10: Ultimate Condition Drainage Map included in Appendix C. The 
ultimate condition assumes that the proposed site and adjacent parcels and 
roadways have been fully developed. Please note that the parcel layout shown on 
the referenced basin map for the development to the west is a conceptual layout 
created to estimate future development and subject to change based on the actual 
layouts determined by parcel builders.   

 
III. STREET FLOW 

 
A street hydraulic analysis has been provided to determine the normal depth and velocity of 
the anticipated storm flows within the proposed streets. As discussed previously, Phase 2 
proposes to construct only east half street improvements. The results of the street flow 
analysis are summarized in Table 5. Refer to Figure 5 for the locations of the cross sections 
used in the analysis. Street hydraulic calculations are included in Appendix B. 
 

PROPOSED CONDITION NORMAL DEPTH SUMMARY TABLE 

Section 
Q100 
(cfs) 

Slope 
Velocity 

(ft/s) 
Depth 

(ft) 
 V x D Tributary Basins 

1 1.5 3.60% 3.34 0.25 0.84 (1/2) ONC-A 

2 3 0.50% 1.75 0.39 0.68 (1/2) ONC-B 

3 6 0.53% 2.10 0.47 0.99 (1/2) ONB-A 

4 4 0.50% 1.86 0.42 0.78 (1/2) ONB-B 

5 2 1.20% 2.25 0.31 0.70 (1/2) ONA-A 

 
The product V x D has been calculated for each section to show that the flow within the 
drive aisles meets the Manual requirement. The manual requires the V x D to be less than 6 
in the 10-year storm event and less than 8 in the 100-year storm event. The results show 
that the V x D requirements for both the 10-year and 100-year events have been met.  

 
IV. STORM DRAIN FACILITIES 

 
A. COS-1 AND COS-3 CULVERT CROSSINGS 

 
The Phase 1 study addressed interim slope stabilization measures for the existing 
COS-1 and COS-3 washes crossing the rough graded roadway. Phase 2 of this project 
proposes to replace the interim riprap facilities with concrete culvert crossings and 
pavement. The concrete facilities will function during the ultimate condition, 
however interim condition (assuming upstream areas are undeveloped) present the 
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worst-case flow rates. The following table summarizes the proposed culvert 
facilities and their corresponding flow rates.  
 

COS CULVERT CROSSING SUMMARY 

Culvert Location Facility Size Q100-INT (cfs) Q100-ULT (cfs) 

COS-1 WASH (5) 5x5 RCBs 571 138 

COS-3 WASH (2) 5x5 RCBs 251 12 

 
The culverts have been analyzed using HY-8, and calculations have been included in 
Appendix B. The hydraulic calculations demonstrate that the headwater depth meet 
manual criteria. In interim condition, the outlet velocities for the COS-1 culverts and 
COS-3 culverts are 15.25 fps and 10.86 fps, respectively. According to Figure 713 of 
the Manual, riprap is acceptable for use as outlet protection. Culvert outlet apron 
calculations based on the procedures outlined in the Manual Section 707.4 have 
been provided in Appendix B. Based on the provided calculations, a minimum 15-ft 
long riprap apron (D50=8” THK=16”) should be provided for outlet protection. 

 
B. DROP INLETS 

 
Drop inlets are proposed along the length of the proposed roadway to intercept 
flows generated within the street. The proposed drop inlets tie into the existing 24-
inch RCP lateral stubs constructed with Phase 1. Street normal depth calculations 
have been provided to determine Drop inlet calculations have been included in 
Appendix B. 

 
V. CONCLUSIONS 
 

The proposed Summerlin West Village 24 Western Boundary Fire Access and 2nd Source 
Water site has been designed to control storm water runoff for the 6-hour, 100-year floods 
as calculated in this study.  This methodology used in this study is compliant with the 
Criteria established in the Manual. The proposed development does not adversely impact 
any proposed or existing CCRFCD MPU facilities.  Flowrates shown in this study are very 
close to those developed in the previously approved in the Phase 1 Study.  The proposed 
development does not significantly increase flow rates upstream or downstream of the 
project, therefore there are no adverse effects on upstream or downstream properties due 
to the proposed improvements. 
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STREET NORMAL DEPTH CALCULATIONS 



Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Channel Slope 0.03600 ft/ft

Discharge 1.50 ft³/s

Section Definitions

Station (ft) Elevation (ft)

0+00.00 0.79

0+31.17 0.17

0+31.17 0.13

0+32.67 0.00

0+32.67 0.50

0+33.17 0.50

Roughness Segment Definitions

Start Station Ending Station Roughness Coefficient

(0+00.00, 0.79) (0+31.17, 0.13) 0.016

(0+31.17, 0.13) (0+33.17, 0.50) 0.013

Options

Current Roughness Weighted 
Method

Pavlovskii's Method

Open Channel Weighting Method Pavlovskii's Method

Closed Channel Weighting Method Pavlovskii's Method

Results

Normal Depth 0.25 ft

Elevation Range 0.00 to 0.79 ft

Flow Area 0.45 ft²

Wetted Perimeter 5.91 ft

Hydraulic Radius 0.08 ft

Top Width 5.61 ft

Worksheet for Section 1 Half Street

5/15/2019 4:05:39 PM

Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of1Page



Results

Normal Depth 0.25 ft

Critical Depth 0.31 ft

Critical Slope 0.00764 ft/ft

Velocity 3.34 ft/s

Velocity Head 0.17 ft

Specific Energy 0.43 ft

Froude Number 2.08

Flow Type Supercritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Normal Depth 0.25 ft

Critical Depth 0.31 ft

Channel Slope 0.03600 ft/ft

Critical Slope 0.00764 ft/ft

Worksheet for Section 1 Half Street

5/15/2019 4:05:39 PM

Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of2Page



Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Channel Slope 0.03600 ft/ft

Normal Depth 0.25 ft

Discharge 1.50 ft³/s

Cross Section Image

Cross Section for Section 1 Half Street

5/15/2019 4:06:51 PM

Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 1of1Page



Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Channel Slope 0.00500 ft/ft

Discharge 3.00 ft³/s

Section Definitions

Station (ft) Elevation (ft)

0+00.00 0.63

0+23.00 0.17

0+23.00 0.13

0+24.50 0.00

0+24.50 0.50

0+25.00 0.50

Roughness Segment Definitions

Start Station Ending Station Roughness Coefficient

(0+00.00, 0.63) (0+23.00, 0.13) 0.016

(0+23.00, 0.13) (0+25.00, 0.50) 0.013

Options

Current Roughness Weighted 
Method

Pavlovskii's Method

Open Channel Weighting Method Pavlovskii's Method

Closed Channel Weighting Method Pavlovskii's Method

Results

Normal Depth 0.39 ft

Elevation Range 0.00 to 0.63 ft

Flow Area 1.72 ft²

Wetted Perimeter 13.02 ft

Hydraulic Radius 0.13 ft

Top Width 12.58 ft

Worksheet for Section 2 Half Street

5/15/2019 4:06:59 PM
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Results

Normal Depth 0.39 ft

Critical Depth 0.37 ft

Critical Slope 0.00738 ft/ft

Velocity 1.75 ft/s

Velocity Head 0.05 ft

Specific Energy 0.44 ft

Froude Number 0.83

Flow Type Subcritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Normal Depth 0.39 ft

Critical Depth 0.37 ft

Channel Slope 0.00500 ft/ft

Critical Slope 0.00738 ft/ft

Worksheet for Section 2 Half Street
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Channel Slope 0.00500 ft/ft

Normal Depth 0.39 ft

Discharge 3.00 ft³/s

Cross Section Image

Cross Section for Section 2 Half Street
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Channel Slope 0.00530 ft/ft

Discharge 6.00 ft³/s

Section Definitions

Station (ft) Elevation (ft)

0+00.00 0.63

0+23.00 0.17

0+23.00 0.13

0+24.50 0.00

0+24.50 0.50

0+25.00 0.50

Roughness Segment Definitions

Start Station Ending Station Roughness Coefficient

(0+00.00, 0.63) (0+23.00, 0.13) 0.016

(0+23.00, 0.13) (0+25.00, 0.50) 0.013

Options

Current Roughness Weighted 
Method

Pavlovskii's Method

Open Channel Weighting Method Pavlovskii's Method

Closed Channel Weighting Method Pavlovskii's Method

Results

Normal Depth 0.47 ft

Elevation Range 0.00 to 0.63 ft

Flow Area 2.85 ft²

Wetted Perimeter 17.01 ft

Hydraulic Radius 0.17 ft

Top Width 16.49 ft

Worksheet for Section 3 Half Street
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Results

Normal Depth 0.47 ft

Critical Depth 0.45 ft

Critical Slope 0.00680 ft/ft

Velocity 2.10 ft/s

Velocity Head 0.07 ft

Specific Energy 0.54 ft

Froude Number 0.89

Flow Type Subcritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Normal Depth 0.47 ft

Critical Depth 0.45 ft

Channel Slope 0.00530 ft/ft

Critical Slope 0.00680 ft/ft

Worksheet for Section 3 Half Street
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Channel Slope 0.00530 ft/ft

Normal Depth 0.47 ft

Discharge 6.00 ft³/s

Cross Section Image

Cross Section for Section 3 Half Street
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Channel Slope 0.00500 ft/ft

Discharge 6.00 ft³/s

Section Definitions

Station (ft) Elevation (ft)

0+00.00 0.63

0+23.00 0.17

0+23.00 0.13

0+24.50 0.00

0+24.50 0.50

0+25.00 0.50

Roughness Segment Definitions

Start Station Ending Station Roughness Coefficient

(0+00.00, 0.63) (0+23.00, 0.13) 0.016

(0+23.00, 0.13) (0+25.00, 0.50) 0.013

Options

Current Roughness Weighted 
Method

Pavlovskii's Method

Open Channel Weighting Method Pavlovskii's Method

Closed Channel Weighting Method Pavlovskii's Method

Results

Normal Depth 0.47 ft

Elevation Range 0.00 to 0.63 ft

Flow Area 2.92 ft²

Wetted Perimeter 17.23 ft

Hydraulic Radius 0.17 ft

Top Width 16.70 ft

Worksheet for Section 4 Half Street
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Results

Normal Depth 0.47 ft

Critical Depth 0.45 ft

Critical Slope 0.00681 ft/ft

Velocity 2.05 ft/s

Velocity Head 0.07 ft

Specific Energy 0.54 ft

Froude Number 0.86

Flow Type Subcritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Normal Depth 0.47 ft

Critical Depth 0.45 ft

Channel Slope 0.00500 ft/ft

Critical Slope 0.00681 ft/ft

Worksheet for Section 4 Half Street
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Channel Slope 0.00500 ft/ft

Normal Depth 0.47 ft

Discharge 6.00 ft³/s

Cross Section Image

Cross Section for Section 4 Half Street
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Channel Slope 0.01200 ft/ft

Discharge 2.00 ft³/s

Section Definitions

Station (ft) Elevation (ft)

0+00.00 0.63

0+23.00 0.17

0+23.00 0.13

0+24.50 0.00

0+24.50 0.50

0+25.00 0.50

Roughness Segment Definitions

Start Station Ending Station Roughness Coefficient

(0+00.00, 0.63) (0+23.00, 0.13) 0.016

(0+23.00, 0.13) (0+25.00, 0.50) 0.013

Options

Current Roughness Weighted 
Method

Pavlovskii's Method

Open Channel Weighting Method Pavlovskii's Method

Closed Channel Weighting Method Pavlovskii's Method

Results

Normal Depth 0.31 ft

Elevation Range 0.00 to 0.63 ft

Flow Area 0.89 ft²

Wetted Perimeter 9.05 ft

Hydraulic Radius 0.10 ft

Top Width 8.69 ft

Worksheet for Section 5 Half Street
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Results

Normal Depth 0.31 ft

Critical Depth 0.33 ft

Critical Slope 0.00763 ft/ft

Velocity 2.25 ft/s

Velocity Head 0.08 ft

Specific Energy 0.39 ft

Froude Number 1.24

Flow Type Supercritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Normal Depth 0.31 ft

Critical Depth 0.33 ft

Channel Slope 0.01200 ft/ft

Critical Slope 0.00763 ft/ft

Worksheet for Section 5 Half Street
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Channel Slope 0.01200 ft/ft

Normal Depth 0.31 ft

Discharge 2.00 ft³/s

Cross Section Image

Cross Section for Section 5 Half Street
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HY-8 CALCULATIONS 



HY-8 Culvert Analysis Report 

Crossing Discharge Data 

Discharge Selection Method: Specify Minimum, Design, and Maximum Flow 

Minimum Flow: 0 cfs 

Design Flow: 571 cfs 

Maximum Flow: 571 cfs 

Table 1 - Summary of Culvert Flows at Crossing: Crossing 1 

 Rating Curve Plot for Crossing: Crossing 1 

 

Headwater Elevation 
(ft) Total Discharge (cfs) (5) 5x5-COS-1 

Discharge (cfs) 
Roadway Discharge 

(cfs) Iterations 

 3561.83 0.00 0.00 0.00 1 
 3562.74 57.10 57.10 0.00 1 
 3563.28 114.20 114.20 0.00 1 
 3563.73 171.30 171.30 0.00 1 
 3564.13 228.40 228.40 0.00 1 
 3564.49 285.50 285.50 0.00 1 
 3564.83 342.60 342.60 0.00 1 
 3565.16 399.70 399.70 0.00 1 
 3565.46 456.80 456.80 0.00 1 
 3565.76 513.90 513.90 0.00 1 
 3566.05 571.00 571.00 0.00 1 
 3568.00 961.33 961.33 0.00 Overtopping 



 

Table 2 - Culvert Summary Table: (5) 5x5-COS-1 

 * Full Flow Headwater elevation is below inlet invert. 

******************************************************************************** 

Straight Culvert 

Inlet Elevation (invert): 3561.83 ft,    Outlet Elevation (invert): 3559.98 ft 

Culvert Length: 73.95 ft,    Culvert Slope: 0.0250 

******************************************************************************** 

Culvert Performance Curve Plot: (5) 5x5-COS-1 

 

Total 
Discharge 

(cfs) 
Culvert 

Discharge 
(cfs) 

Headwater 
Elevation 

(ft) 
Inlet 

Control 
Depth (ft) 

Outlet 
Control 

Depth (ft) 
Flow 
Type 

Normal 
Depth (ft) 

Critical 
Depth (ft) 

Outlet 
Depth (ft) 

Tailwater 
Depth (ft) 

Outlet 
Velocity 

(ft/s) 
Tailwater 
Velocity 

(ft/s) 
 0.00 0.00 3561.83 0.000 0.000 0-NF  0.000 0.000 0.000 0.000 0.000 0.000 
 57.10 57.10 3562.74 0.913 0.0* 1-S2n 0.319 0.545 0.319 0.682 7.170 3.488 
 114.20 114.20 3563.28 1.449 0.0* 1-S2n 0.500 0.865 0.524 1.046 8.710 4.550 
 171.30 171.30 3563.73 1.898 0.0* 1-S2n 0.651 1.134 0.686 1.346 9.991 5.303 
 228.40 228.40 3564.13 2.299 0.0* 1-S2n 0.787 1.374 0.850 1.612 10.743 5.903 
 285.50 285.50 3564.49 2.667 0.157 1-S2n 0.914 1.594 0.993 1.856 11.500 6.408 
 342.60 342.60 3564.83 3.007 0.451 1-S2n 1.034 1.800 1.140 2.084 12.023 6.849 
 399.70 399.70 3565.16 3.328 0.745 1-S2n 1.150 1.995 1.279 2.300 12.502 7.240 
 456.80 456.80 3565.46 3.635 1.042 1-S2n 1.261 2.181 1.414 2.506 12.924 7.594 
 513.90 513.90 3565.76 3.931 1.342 1-S2n 1.368 2.359 1.545 2.705 13.301 7.917 
 571.00 571.00 3566.05 4.218 1.648 1-S2n 1.474 2.530 1.674 2.896 13.646 8.215 



 

Water Surface Profile Plot for Culvert: (5) 5x5-COS-1 

 

Site Data - (5) 5x5-COS-1 

Site Data Option:  Culvert Invert Data 

Inlet Station:  0.00 ft 

Inlet Elevation:  3561.83 ft 

Outlet Station:  73.93 ft 

Outlet Elevation:  3559.98 ft 

Number of Barrels:  5 

Culvert Data Summary - (5) 5x5-COS-1 

Barrel Shape:  Concrete Box 

Barrel Span:  5.00 ft 

Barrel Rise:  5.00 ft 

Barrel Material:  Concrete 

Embedment:  0.00 in 

Barrel Manning's n:  0.0150 

Culvert Type:  Straight 

Inlet Configuration:  Square Edge (90º) Headwall 

Inlet Depression:  None 



Table 3 - Downstream Channel Rating Curve (Crossing: Crossing 1) 

 Tailwater Channel Data - Crossing 1 

Tailwater Channel Option:  Rectangular Channel 

Bottom Width:  24.00 ft 

Channel Slope:  0.0200 

Channel Manning's n:  0.0450 

Channel Invert Elevation:  3559.98 ft 

Roadway Data for Crossing: Crossing 1 

Roadway Profile Shape:  Constant Roadway Elevation 

Crest Length:  10.00 ft 

Crest Elevation:  3568.00 ft 

Roadway Surface:  Paved 

Roadway Top Width:  73.93 ft 
 

Flow (cfs) Water Surface 
Elev (ft) Depth (ft) Velocity (ft/s) Shear (psf) Froude Number 

 0.00 3559.98 0.00 0.00 0.00 0.00 
 57.10 3560.66 0.68 3.49 0.85 0.74 
 114.20 3561.02 1.05 4.55 1.31 0.78 
 171.30 3561.32 1.35 5.30 1.68 0.81 
 228.40 3561.59 1.61 5.90 2.01 0.82 
 285.50 3561.83 1.86 6.41 2.32 0.83 
 342.60 3562.06 2.08 6.85 2.60 0.84 
 399.70 3562.28 2.30 7.24 2.87 0.84 
 456.80 3562.48 2.51 7.59 3.13 0.85 
 513.90 3562.68 2.70 7.92 3.38 0.85 
 571.00 3562.87 2.90 8.21 3.61 0.85 



HY-8 Culvert Analysis Report 

Crossing Discharge Data 

Discharge Selection Method: Specify Minimum, Design, and Maximum Flow 

Minimum Flow: 0 cfs 

Design Flow: 251 cfs 

Maximum Flow: 251 cfs 

Table 1 - Summary of Culvert Flows at Crossing: Crossing 2 

  
Rating Curve Plot for Crossing: Crossing 2 

 

Headwater Elevation 
(ft) Total Discharge (cfs) (2) 5x5 COS-3 

Discharge (cfs) 
Roadway Discharge 

(cfs) Iterations 

 3554.24 0.00 0.00 0.00 1 
 3555.22 25.10 25.10 0.00 1 
 3555.80 50.20 50.20 0.00 1 
 3556.28 75.30 75.30 0.00 1 
 3556.72 100.40 100.40 0.00 1 
 3557.10 125.50 125.50 0.00 1 
 3557.47 150.60 150.60 0.00 1 
 3557.81 175.70 175.70 0.00 1 
 3558.14 200.80 200.80 0.00 1 
 3558.45 225.90 225.90 0.00 1 
 3558.77 251.00 251.00 0.00 1 
 3560.00 350.74 350.74 0.00 Overtopping 



 

Table 2 - Culvert Summary Table: (2) 5x5 COS-3 

 * Full Flow Headwater elevation is below inlet invert. 

******************************************************************************** 

Straight Culvert 

Inlet Elevation (invert): 3554.24 ft,    Outlet Elevation (invert): 3553.22 ft 

Culvert Length: 74.36 ft,    Culvert Slope: 0.0137 

******************************************************************************** 

Culvert Performance Curve Plot: (2) 5x5 COS-3 

 

Total 
Discharge 

(cfs) 
Culvert 

Discharge 
(cfs) 

Headwater 
Elevation 

(ft) 
Inlet 

Control 
Depth (ft) 

Outlet 
Control 

Depth (ft) 
Flow 
Type 

Normal 
Depth (ft) 

Critical 
Depth (ft) 

Outlet 
Depth (ft) 

Tailwater 
Depth (ft) 

Outlet 
Velocity 

(ft/s) 
Tailwater 
Velocity 

(ft/s) 
 0.00 0.00 3554.24 0.000 0.000 0-NF  0.000 0.000 0.000 0.000 0.000 0.000 
 25.10 25.10 3555.22 0.983 0.0* 1-S2n 0.412 0.581 0.412 0.263 6.089 1.906 
 50.20 50.20 3555.80 1.561 0.0* 1-S2n 0.647 0.922 0.672 0.400 7.470 2.510 
 75.30 75.30 3556.28 2.045 0.256 1-S2n 0.846 1.208 0.887 0.511 8.489 2.946 
 100.40 100.40 3556.72 2.477 0.562 1-S2n 1.028 1.463 1.085 0.608 9.255 3.300 
 125.50 125.50 3557.10 2.866 0.862 1-S2n 1.198 1.698 1.279 0.697 9.813 3.603 
 150.60 150.60 3557.47 3.228 1.162 1-S2n 1.360 1.917 1.457 0.778 10.335 3.871 
 175.70 175.70 3557.81 3.571 1.464 1-S2n 1.516 2.124 1.627 0.855 10.802 4.112 
 200.80 200.80 3558.14 3.898 1.771 1-S2n 1.668 2.322 1.799 0.927 11.162 4.333 
 225.90 225.90 3558.45 4.216 2.084 1-S2n 1.815 2.512 1.960 0.996 11.527 4.537 
 251.00 251.00 3558.77 4.526 2.406 1-S2n 1.959 2.695 2.122 1.062 11.826 4.727 



 

Water Surface Profile Plot for Culvert: (2) 5x5 COS-3 

 

Site Data - (2) 5x5 COS-3 

Site Data Option:  Culvert Invert Data 

Inlet Station:  0.00 ft 

Inlet Elevation:  3554.24 ft 

Outlet Station:  74.35 ft 

Outlet Elevation:  3553.22 ft 

Number of Barrels:  2 

Culvert Data Summary - (2) 5x5 COS-3 

Barrel Shape:  Concrete Box 

Barrel Span:  5.00 ft 

Barrel Rise:  5.00 ft 

Barrel Material:  Concrete 

Embedment:  0.00 in 

Barrel Manning's n:  0.0150 

Culvert Type:  Straight 

Inlet Configuration:  Square Edge (90º) Headwall 

Inlet Depression:  None 



Table 3 - Downstream Channel Rating Curve (Crossing: Crossing 2) 

 Tailwater Channel Data - Crossing 2 

Tailwater Channel Option:  Rectangular Channel 

Bottom Width:  50.00 ft 

Channel Slope:  0.0200 

Channel Manning's n:  0.0450 

Channel Invert Elevation:  3553.22 ft 

Roadway Data for Crossing: Crossing 2 

Roadway Profile Shape:  Constant Roadway Elevation 

Crest Length:  10.00 ft 

Crest Elevation:  3560.00 ft 

Roadway Surface:  Paved 

Roadway Top Width:  74.35 ft 
 

Flow (cfs) Water Surface 
Elev (ft) Depth (ft) Velocity (ft/s) Shear (psf) Froude Number 

 0.00 3553.22 0.00 0.00 0.00 0.00 
 25.10 3553.49 0.26 1.91 0.33 0.65 
 50.20 3553.62 0.40 2.51 0.50 0.70 
 75.30 3553.73 0.51 2.95 0.64 0.73 
 100.40 3553.83 0.61 3.30 0.76 0.75 
 125.50 3553.92 0.70 3.60 0.87 0.76 
 150.60 3554.00 0.78 3.87 0.97 0.77 
 175.70 3554.08 0.85 4.11 1.07 0.78 
 200.80 3554.15 0.93 4.33 1.16 0.79 
 225.90 3554.22 1.00 4.54 1.24 0.80 
 251.00 3554.28 1.06 4.73 1.33 0.81 



RIPRAP CALCULATIONS 
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FACILITY NAME FACILITY SIZE

Q100  
DESIGN @ 
FACILITY

W 
Total H

D 
Outlet

V 
Outlet Fr

Fr 
Check Q/WH1.5

Q/WH1.5 
Check Yt Yn Ha

D50 min (For 
Q/WH1.5<4)

D50 min (For 
Q/WH1.5>4) D50 min

D50 
Design

Allowable 
D/S 

Velocity At Θ
L 

Calculated Lmin Lmax Ldesign Notes

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
(ft) (ft) (ft) (fps) (ft) (ft) (ft) (ft) (ft) (in) (in) (ft/s) (sqft) (deg) (ft) (ft) (ft) (ft)

COS-1 Culvert (5) 5' x 5' RCB 571 25 5 1.50 15.25 2.19 OK 2.04 OK 2.90 1.29 3.15 0.20 0.48 2.3 8 5 114.20 1 4.6 15 50 15
COS-3 Culvert (2) 5' x 5' RCB 251 10 5 2.31 10.86 1.26 OK 2.25 OK 1.06 2.20 3.60 0.63 0.46 7.5 8 5 50.20 1 12.0 15 50 15

1 Total width of all RCB cells 12 Minimum D50 for Q/WH1.5 < 4 from CCRFCD HCDDM 707.4.2  D50 = (0.014*(Q/W*Ha^1.5)*H^2)) / (Yt)
2 Height of RCB 13 Minimum D50 for Q/WH1.5 >4 from CCRFCD HCDDM 7.0.4.2  D50 = ((0.0019*(Q/W*Ha^1.5)^2.5)*Ha)/((Yt/Ha)^2)
3 Depth of flow at RCB outlet from HY-8 Culvert Summary Table - Outlet Depth 14 Chose Minimum D50 based on if Q/WH1.5 is less than or greater than 4
4 Velocity at RCB outlet from HY-8 Culvert Summary Table - Outlet Velocity 15 D50 for design
5 Froude Number at outlet (V/sqrt(32.2*D)) 16 Allowable velocity at end of riprap apron
6 Check if Fr < 2.5 17 Flow area at end or riprap apron from CCRFCD HCDDM 707.4.3 At=Q/V
7 Froude Parameter from CCRFCD HCDDM 707.4 (Q/W*H^1.5) 18 Expansion angle of water jet downstream of culvert
8 Froude parameter check < 14 19 Minimum Apron Length from CCRFCD HCDDM 707.4.3 L=(1/(2*tan Θ))*(At/Yt-W)
9 Tailwater Depth from HY-8 Culvert Summary Table - Tailwater Depth 20 Minimum Apron Length = 3*H

10 Normal Depth from HY-8 Culvert Summary Table - Normal Depth 21 Maximum Apron Length = 10*H
11 Adjusted H for supercritical flows from CCRFCD HCDDM 707.4.2   Ha = 0.5*(H+Yn) 22 Design Apron Length

3 Outlet Depth taken from HEC-RAS Six XS Bridge Table BR-DS W.S.E.
4 Outlet Velocity taken from HEC-RAS Six XS Bridge Table BR-DS Velocity. 
9 Tailwater Depth taken from HEC-RAS Standard Table 1 Tailwater Cross Section Normal Depth

10 Normal Depth calculated by FlowMaster Normal Depth Cross Section of culvert facility

* Values taken from HEC-RAS

Forumula Note
Units

VILLAGE 24 WESTERN BOUNDARY FIRE ACCESS & SECOND SOURCE WATER
RCB Culvert Outlet Apron Calculations

Based on procedures outlined in the CCRFCD HCDDM, Section 707.4



DROP INLET CALCULATIONS 



Project: V24 Western Boundary Fire Access & Second Source Water
Work Order no.: 7851-MISC-5

Calculated By: JYA
Date: Mar-19

Inlet ID: Station 32+92.14
Drainage Condition: Ultimate 100-Year Storm

Flow Summary: 1/2 ONC-B
Inlet Description: 5' Type CM DI

Input: Variable: Input:
Street Flow (cfs) Q 6.0
Longitudinal Slope (ft/ft) So 0.0053
Manning's Coefficient n 0.016
Street Flow Velocity (fps) V 2.1
Street Flow Depth (ft) D 0.47
Street Cross Slope (ft/ft) Sx 0.02
Grate Width (ft) W 1.5
Grate Depression (in) Dg 0

Length of Grate (ft) Lg 7.5

Length of Curb Opening (ft) Lc 9.5

Clogging Factor - Grate (%) CFg 50%

Clogging Factor - Curb (%) CFc 50%

Effective Grate Length (ft) Lge 3.75
Effective Curb Opening Lenth (ft) Lce 4.75

Output (Grate): Equation: Output (Grate):
Rf - Frontal Flow Factor 1-0.09*(V-Vx) if V>Vx; else 1 1.00

Vo - Splash Over Velocity (fps) p+q*Lge-r*Lge
2+sy*Lge

3; where p=0.30, q=4.85, 
r=1.31, sy=0.15 (vane grate)

7.98

E - grate Flow Ratio Qw/Qs 0.19

Qw - Frontal Flow (cfs) Q[1-(1-(W/T))2.67] 0.97

Qs - Side Flow (cfs) Q-Qw 5.03

T - Side Flow Spread (ft) (D-Dg)/Sx 23.50

Rs - Side Flow Factor 1/(1+(0.15*V1.8)/(Sx*Lge
2.3)) 0.42

Qgi - Intercepted Flow (cfs) (Rf*E+Rs*(1-E))*Q 3.2

Output (Curb): Equation: Output (Curb):
Se - Equivalent Cross Slope (ft/ft) Sx+Sg*E 0.02

Qsx - Remaining Flow After Grate 
Interception (cfs)

Q-Qgi 2.80

Sg - Gutter Cross Slope (ft/ft) Dg/W 0.00

Lt - Effective Interception Length (ft) 0.60*Qsx
0.42*So

0.30*[1/(n*Se)]
0.6 23.98

Qci - Intercepted Flow (cfs) (1-(1-Lce/Lt)
1.8)*Qsx or Qsx if Lt<Lce 0.9

Output (Combination): Equation: Output (Combination): 
Total Intercepted Flow (cfs) Intercepted (Grate) + Intercepted (Curb) 4.1
Bypass Flow (cfs) Street Flow - Total Intercepted Flow 1.9

Drop Inlet Interception

Equations referenced from CCRFCD HCDDM and FHWA HEC-22



English

Q Qw/bypass Lgrate Wgrate Lcurb Sx dponding
1 T2 P3

Ag
4 Qgrate_w

5 Qgrate_o
6 Qcurb_w

7 Qcurb_o
8 Qcaptured

9 Qbypassed
10

cfs cfs ft ft ft ft/ft ft ft ft sq ft cfs cfs cfs cfs cfs cfs

5' Type C Modified Station 22+08.69 3.00 3.00 2.5 1.5 5.0 2.00% 50.0% 0.35 17.50 5.50 2.63 1.7 4.2 1.6 4.0 3.0 0.0

5' Type C Modified Station 42+75.41 8.00 8.00 5.0 1.5 7.5 2.00% 50.0% 0.50 25.00 8.00 5.25 4.2 10.0 4.0 7.1 8.0 0.0

   
1

2

3

4

0.70
5

3.00
6

0.67   
32.16

7

3.00
8

0.67
32.16
0.50

9

10

Inlet Type

g = (acceleration due to gravity) = ft/(sq sec)
h = (height of curb-opening orifice) = ft

Perimeter of the grate disregarding the side against the curb, P= Lgrate+2Wgrate

Clear opening area of the grate, Ag= LgrateWgrate*0.7

Capacity of grate inlet operating as a weir:       Qw = CwPd1.5(1-Clogging Factor)
Cw = (1.66 metric, 3.0 English ) =

Combined grate and curb flow intercepted from the minimum of either wier or orifice flow
Difference in total flow minus intercepted flow .: Q-Qcaptured

g = (acceleration due to gravity) = ft/(sq sec)
Capacity of curb opening operating as a weir:   Qw = CwLd1.5(1-Clogging Factor)

Cw = (1.60 metric, 3.0 English ) =
Capacity of curb opening operating as an orifice:  Qo = CohL(2gdo)

0.5(1-Clogging Factor)
C0 =

Capacity of grate inlet operating as an orifice:   Qo = CoAg(2gd)0.5(1-Clogging Factor)
C0 =

Ponding depth over grate
Total spread of water, T= d/Sx

unit system = (metric or English)

To account for grate bar spacing = 

Location

Mar-19
JYA

Date:

Clogging 
Factor

Village 24 Western Boundary Fire Access & Second Source Water

Sump Condition Drop Inlet Flow Interception Calculations (100 - Year Ultimate Flows Used)

All calculations are based on FHWA HEC-22 method

Calculations By:
7851-MISC-5W.O.#



STANDARD FORM 6 CALCULATIONS 



Starting HGL and EGL

Tailwater 
Elevation

Outlet 
Invert 

Elevation
Tailwater 
Depth (ft)

Critical 
Depth- 
Dc (ft)

Pipe 
Diameter- 

D (ft)
(Dc+D)/2  

(ft)
Starting 
HGL (ft) Hv (ft)

Starting 
EGL (ft)

STANDARD FORM 6

3564.98 3559.98 5.00 4.57 5.0 4.785466 3564.98 3.75 3568.73 DEVELOPMENT: V24 WESTERN BOUNDARY PHASE 2
CALCULATED BY: JYA WO# 7851

Phi Index  STORM DRAIN SEGMENT: STORM DRAIN B NORTH
 DESCRIPTION: 100-YEAR ULTIMATE CONDITION

n Value Phi
0.013 0.004925

Segment Segment Starting Ending Diameter D/S U/S Length Area Phi Flow Slope Velocity Hv Sf Ave. Sf Hf Hj Hm Hb Hi H_ H Total U/S EGL U/S HGL Pressure D/S EGL of Final Final
Number Type Station Station (ft) Invert Invert (ft) (sq, ft) (cfs) (%) (fps) (ft) (ft/ft) (ft/ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) Elevation Elevation Flow ? U/S Segment U/S EGL U/S HGL

1 PIPE 10+00.00 10+62.62 5 3559.98 3560.45 62.6 19.63 0.00492 305.0 0.75 15.53 3.75 0.01371 0.01371 0.86 0.86 3569.59 3565.84 Yes 3569.19 3569.59 3565.84
2 SDMH #7 10+62.62 10+62.62 5 3560.45 3560.45 0.0 19.63 0.00492 305.0 N/A 15.53 3.75 0.01371 0.01371 0.00 2.09 2.09 3571.68 3567.93 Yes 3569.19 3571.68 3567.93
3 PIPE 10+62.62 10+99.75 5 3560.45 3560.73 37.1 19.63 0.00492 305.0 0.75 15.53 3.75 0.01371 0.01371 0.51 0.51 3572.19 3568.44 Yes 3569.47 3572.19 3568.44
4 DI 10+99.75 10+99.75 5 3560.73 3560.73 0.0 19.63 0.00492 305.0 N/A 15.53 3.75 0.01371 0.01371 0.00 0.24 0.24 3572.43 3568.68 Yes 3569.47 3572.43 3568.68
5 PIPE 10+99.75 11+31.86 5 3560.73 3560.97 32.1 19.63 0.00492 305.0 0.75 15.53 3.75 0.01371 0.01371 0.44 0.44 3572.87 3569.12 Yes 3569.71 3572.87 3569.12
6 STUB 11+31.86 11+31.86 5 3560.97 3560.97 0.0 19.63 0.00492 305.0 N/A 15.53 3.75 0.01371 0.01371 0.00 0.00 3572.87 3569.12

Manholes/Transition Losses
Straight Through Manhole  Junction Manhole  Inlet Losses

Segment Deflection Km Hv Hm Junction Kj D/S Hv U/S Hv Hj Bend Kb Hv Hb Ki Hv Hi Segment TMH Cover Criteria Span Rise Rise Area Hyd. Rad. #
Number Angle (ft) (ft) Angle (ft) (ft) (ft) Angle (ft) (ft) (ft) (ft) Description Elevation (ft) Met? (ft) (ft) (ft) (ft2) (ft)

1 PIPE 1.00
2 56 0.558 3.747 2.091 SDMH #7 3570.55 2.62 Yes 1.00
3 PIPE 1.00
4 11 0.065 3.747 0.244 DI 3570.33 1.65 Yes 1.00
5 PIPE 1.00
6 STUB 3570.33 1.21 Yes 1.00

Bend Losses HGL Criteria Check Box Elliptical/ Other

Φ ଶ௚ (௡ଶ)

ଶ.ଶଵ
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5/20/2019 SF6-SDB



Starting HGL and EGL

Tailwater 
Elevation

Outlet 
Invert 

Elevation
Tailwater 
Depth (ft)

Critical 
Depth- 
Dc (ft)

Pipe 
Diameter- 

D (ft)
(Dc+D)/2  

(ft)
Starting 
HGL (ft) Hv (ft)

Starting 
EGL (ft)

STANDARD FORM 6

3564.48 3559.98 4.50 2.58 4.5 3.540 3564.477 1.17 3565.65 DEVELOPMENT: V24 WESTERN BOUNDARY PHASE 2
CALCULATED BY: JYA WO# 7851

Phi Index  STORM DRAIN SEGMENT: STORM DRAIN B SOUTH
 DESCRIPTION: 100-YEAR ULTIMATE CONDITION

n Value Phi
0.013 0.004925

Segment Segment Starting Ending Diameter D/S U/S Length Area Phi Flow Slope Velocity Hv Sf Ave. Sf Hf Hj Hm Hb Hi H_ H Total U/S EGL U/S HGL Pressure D/S EGL of Final Final
Number Type Station Station (ft) Invert Invert (ft) (sq, ft) (cfs) (%) (fps) (ft) (ft/ft) (ft/ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) Elevation Elevation Flow ? U/S Segment U/S EGL U/S HGL

1 PIPE 10+00.00 10+35.72 4.5 3559.98 3560.81 35.7 15.90 0.00492 138.0 2.34 8.68 1.17 0.00492 0.00492 0.18 0.18 3565.82 3564.65 Yes 3566.48 3566.48 3565.31
2 SDMH #19 10+35.72 10+35.72 4.5 3560.81 3560.81 0.0 15.90 0.00492 138.0 N/A 8.68 1.17 0.00492 0.00492 0.00 0.45 0.45 3566.93 3565.76 Yes 3566.48 3566.93 3565.76
3 PIPE 10+35.72 10+95.18 4.5 3560.81 3562.70 59.5 15.90 0.00492 138.0 3.17 8.68 1.17 0.00492 0.00492 0.29 0.29 3567.22 3566.05 Yes 3568.36 3568.36 3567.20
4 SDMH #7 10+95.18 10+95.18 4.5 3562.70 3562.70 0.0 15.90 0.00492 138.0 N/A 8.68 1.17 0.00492 0.00492 0.00 1.55 1.55 3569.92 3568.75 Yes 3568.57 3569.92 3568.75
5 PIPE 10+95.18 11+83.08 4 3562.70 3565.59 87.9 12.57 0.00492 138.0 3.29 10.98 1.87 0.00922 0.00707 0.62 0.62 3570.54 3568.67 Yes 3571.46 3571.46 3569.59
6 STUB 11+83.08 11+83.08 4 3565.59 3565.59 0.0 12.57 0.00492 138.0 N/A 10.98 1.87 0.00922 0.00922 0.00 0.00 3571.46 3569.59

Manholes/Transition Losses
Straight Through Manhole  Junction Manhole  Inlet Losses

Segment Deflection Km Hv Hm Junction Kj D/S Hv U/S Hv Hj Bend Kb Hv Hb Ki Hv Hi Segment TMH Cover Criteria
Number Angle (ft) (ft) Angle (ft) (ft) (ft) Angle (ft) (ft) (ft) (ft) Description Elevation (ft) Met?

1 PIPE
2 45 0.39 1.169 0.450 SDMH #19 3571.7 5.9 Yes

HGL Criteria CheckBend Losses

Sf ஍ு௩
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APPENDIX C 

REFERENCE MATERIAL 
 







S

D

D

S

D

D

S

S

S

S

S

S

S

S

S

D

D

D

S

S

S

S

S

D

S

S

S

S

S

S

S

S

S

S

S

S

S

S

D

D

D

S

S

S

S

S

S

S

S

D

D

D

D

OFF2I

Off1I
COS-1I

OFF3I

OFF5I

COS-3I

OFF7I

OFF6I

OFF4I

ONCI

ONBI

COFF2I

C-COS1

CP2.2

C-COS3

(
3

5

2

5

)

(
3
5
5
0
)

(
3

5

5

0

)

(

3

5

5

0

)

(3
5
7
5
)

(
3

6

0

0

)

(
3
6
2
5
)

(

3

6

2

5

)

(
3
6
2
5
)

(

3

6

5

0

)

(
3

6

7

5

)

(

3

7

0

0

)

(
3
7
2
5
)

(
3

7

5

0

)

(
3

7

7

5

)

(

3

8

0

0

)

(
3

8

0

0

)

(
3

8

0

0

)

(3
8
2
5
)

(3
8
5
0
)

(
3

8

7

5

)

(

3

9

0

0

)

(
3

9

2

5

)

(
3
9
5
0
)

(
3
9
7
5
)

(3
9
7
5
)

(

3

9

7

5

)

(

4

0

0

0

)

(
4

0

2

5

)

(

4

0

2

5

)

(
4

0

2

5

)

(
4

0

5

0

)

(
4
0
7
5
)

(

4

1

0

0

)

(

4

1

2

5

)

(
4
1
5
0
)

(
4

1

7

5

)

(
4

2

0

0

)

(
4

2

2

5

)

(
4
2
5
0
)

(
4
2
7
5
)

(
4

3

0

0

)

(
4

3

2

5

)

CP2.1

CROSSBRIDGE DR

ALTA DR

COS-1 WASH

COS-3 WASH

OFF2IA

OFF2IB

OFF2IC

COS-1IA

COS-1IB

ONAI

OFF7IAOFF7IB

(3600)

(
3
6
2
5
)

(
3

6

5

0

)

(
3

6

7

5

)

(
3

7

0

0

)

(
3
7
2
5
)

(3
7
5
0
)

(

3

7

7

5

)

(3800)

(
3
8
2
5
)

(
3

8

5

0

)

(
3

8

7
5

)

(
3

9

0

0

)

(
3
9
2
5
)

(
3

9

5

0

)

(
3

9

7

5

)

(
4

0

0

0

)

(
4

0

2

5

)

(4
0
5
0
)

(
4

0

7

5

)

(
4

0

7

5

)

(4
0
7
5
)

(
4

1

0

0

)

(
4
1
2
5
)

(
4
1
5
0
)

(
4
1
7
5
)

(
4
2
0
0
)

(

4

2

2

5

)

(
4

2

7

5

)

(
4

3

0

0

)

(

4

3

2

5

)

(

4

3

5

0

)

(

4

3

7

5

)

(

4

4

0

0

)

(

4

4

2

5

)

(
4

4

5

0

)

(
4

4

7

5

)

(

4

5

0

0

)

(
4

5

2

5

)

(
4

5

5

0

)

LA
S

 V
E

G
A

S
, N

E
V

A
D

A
 8

91
46

-5
14

8 

SHEET

OF SHEETS

DRAWING NO.

R
E

V
D

A
TE

B
Y

R
E

V
IS

IO
N

27
27

 S
O

U
TH

 R
A

IN
B

O
W

 B
O

U
LE

V
A

R
D

P
H

. (
70

2)
 8

73
-7

55
0 

FA
X

 (
70

2)
 3

62
-2

59
7 

 W
E

B
 W

W
W

.V
TN

N
V

.C
O

M

C
O

N
S

U
LT

IN
G

 E
N

G
IN

E
E

R
S

   
  P

LA
N

N
E

R
S

   
  L

A
N

D
 S

U
R

V
E

Y
O

R
S

P
R

O
JE

C
T 

N
O

:

C
H

E
C

K
E

D
 B

Y
:

D
E

S
IG

N
E

D
 B

Y
:

V
E

R
T.

H
O

R
IZ

.
S

C
A

LE
:

D
R

A
W

N
 B

Y
:

78
51

S
U

M
M

E
R

LI
N

 W
E

S
T 

V
IL

LA
G

E
 2

4
W

E
S

TE
R

N
 B

O
U

N
D

A
R

Y
G

R
A

D
IN

G
 &

 D
R

A
IN

A
G

E

FI
G

U
R

E
 9

:
 IN

TE
R

IM
 C

O
N

D
IT

IO
N

 B
A

S
IN

 M
A

P
C

LV

FIG 9

H
:\7

85
1\

V
ill

ag
e 

24
 C

ol
le

ct
or

-W
A

TE
R

\D
ra

in
ag

e\
A

D
D

 #
1\

A
 F

ig
ur

es
\F

ig
 9

 - 
In

te
rim

 B
as

in
 M

ap
.d

w
g

1 1

JY
A

02
/2

01
8

JY
A

02
/2

01
8

W
JM

02
/2

01
8

N
/A

1"
 =

 4
00

'

TH
E

 H
O

W
A

R
D

 H
U

G
H

E
S

 C
O

R
P

O
R

A
TI

O
N

10
80

1 
W

 C
H

A
R

LE
S

TO
N

 B
LV

D
, 3

R
D

 F
LO

O
R

LA
S

 V
E

G
A

S
, N

V
 8

91
35

N
O

R
T

H

0

GRAPHIC SCALE

1" =         '400

200 800400400

LEGEND

CONCENTRATION POINT

BASIN BOUNDARY

BASIN DESIGNATIONINT

SUBBASIN DESIGNATION

FLOW DIRECTION

OFF1IA

jayson
Text Box
THIS MAP DEPICTS EXISTING CONDITION OF THE PROPOSED PROJECT



D

D

D

D

S

D

D

S

D

D

S

S

S

S

S

S

S

S

S

D

D

D

S

S

S

S

S

D

S

S

S

S

S

S

S

S

S

S

S

S

S

S

D

D

D

S

S

S

S

S

S

S

S

D

D

D

D

D

D

CON2

C-COS3
CON1

CONA

C-COS1

COFF2

COFF5

On3

cos3

On1

OFF1

On4

OFF2

OFF3

cos-1

OFF4

OFF5

On2

onc

ONA

ONB

ONCA

ONCB

ONBA

ONBC

ONBD

ONBB

CCON1

N
O

R
T

H

0

GRAPHIC SCALE

1" =         '400

200 800400400

LA
S

 V
E

G
A

S
, N

E
V

A
D

A
 8

91
46

-5
14

8 

SHEET

OF SHEETS

DRAWING NO.

R
E

V
D

A
TE

B
Y

R
E

V
IS

IO
N

27
27

 S
O

U
TH

 R
A

IN
B

O
W

 B
O

U
LE

V
A

R
D

P
H

. (
70

2)
 8

73
-7

55
0 

FA
X

 (
70

2)
 3

62
-2

59
7 

 W
E

B
 W

W
W

.V
TN

N
V

.C
O

M

C
O

N
S

U
LT

IN
G

 E
N

G
IN

E
E

R
S

   
  P

LA
N

N
E

R
S

   
  L

A
N

D
 S

U
R

V
E

Y
O

R
S

P
R

O
JE

C
T 

N
O

:

C
H

E
C

K
E

D
 B

Y
:

D
E

S
IG

N
E

D
 B

Y
:

V
E

R
T.

H
O

R
IZ

.
S

C
A

LE
:

D
R

A
W

N
 B

Y
:

#
#

#
#

S
U

M
M

E
R

LI
N

 W
E

S
T 

V
IL

LA
G

E
 2

4
W

E
S

TE
R

N
 B

O
U

N
D

A
R

Y
G

R
A

D
IN

G
 &

 D
R

A
IN

A
G

E

FI
G

U
R

E
 1

0:
 U

LT
IM

A
TE

 C
O

N
D

IT
IO

N
 B

A
S

IN
 M

A
P

C
LV

FIG 10

H
:\7

85
1\

V
ill

ag
e 

24
 C

ol
le

ct
or

-W
A

TE
R

\D
ra

in
ag

e\
2_

A
D

D
 #

1\
A

 F
ig

ur
es

\F
ig

 1
0 

- U
lti

m
at

e 
B

as
in

 M
ap

.d
w

g

1 1

JY
A

02
/2

01
8

JY
A

02
/2

01
8

W
JM

02
/2

01
8

N
/A

1"
 =

 4
00

'

TH
E

 H
O

W
A

R
D

 H
U

G
H

E
S

 C
O

R
P

O
R

A
TI

O
N

10
80

1 
W

 C
H

A
R

LE
S

TO
N

 B
LV

D
, 3

R
D

 F
LO

O
R

LA
S

 V
E

G
A

S
, N

V
 8

91
35

LEGEND

CONCENTRATION POINT

BASIN BOUNDARY

BASIN DESIGNATIONON1

FLOW DIRECTION

jayson
Highlight

jayson
Highlight

jayson
Highlight

jayson
Highlight

jayson
Highlight

jayson
Highlight



S

D

D

S

D

D

S

S

S

S

S

S

S

S

S

D

D

D

S

S

S

S

S

D

S

S

S

S

S

S

S

S

S

S

S

S

S

S

D

D

D

S

S

S

S

S

S

S

S

D

D

D

D

D

D

2

3

1

9

10

11

12

16

24

21

22

23

26A

26B

28

29

30

31

32

27

28

30

COS-3 WASH

COS-1 WASH

CROSSBRIDGE DR

ALTA DR

32

33

25

35

34 13

14

15

5

6
7
8

LA
S

 V
E

G
A

S
, N

E
V

A
D

A
 8

91
46

-5
14

8 

SHEET

OF SHEETS

DRAWING NO.

R
E

V
D

A
TE

B
Y

R
E

V
IS

IO
N

27
27

 S
O

U
TH

 R
A

IN
B

O
W

 B
O

U
LE

V
A

R
D

P
H

. (
70

2)
 8

73
-7

55
0 

FA
X

 (
70

2)
 3

62
-2

59
7 

 W
E

B
 W

W
W

.V
TN

N
V

.C
O

M

C
O

N
S

U
LT

IN
G

 E
N

G
IN

E
E

R
S

   
  P

LA
N

N
E

R
S

   
  L

A
N

D
 S

U
R

V
E

Y
O

R
S

P
R

O
JE

C
T 

N
O

:

C
H

E
C

K
E

D
 B

Y
:

D
E

S
IG

N
E

D
 B

Y
:

V
E

R
T.

H
O

R
IZ

.
S

C
A

LE
:

D
R

A
W

N
 B

Y
:

#
#

#
#

S
U

M
M

E
R

LI
N

 W
E

S
T 

V
IL

LA
G

E
 2

4
W

E
S

TE
R

N
 B

O
U

N
D

A
R

Y
G

R
A

D
IN

G
 &

 D
R

A
IN

A
G

E

FI
G

U
R

E
 1

1:
P

R
O

P
O

S
E

D
 F

A
C

IL
IT

IE
S

 M
A

P
C

LV

FIG 11

H
:\7

85
1\

V
ill

ag
e 

24
 C

ol
le

ct
or

-W
A

TE
R

\D
ra

in
ag

e\
2_

A
D

D
 #

1\
A

 F
ig

ur
es

\F
ig

 1
1 

- F
ac

ili
ty

 M
ap

.d
w

g

1 1

JY
A

02
/2

01
8

JY
A

02
/2

01
8

W
JM

02
/2

01
8

N
/A

1"
 =

 2
00

'

TH
E

 H
O

W
A

R
D

 H
U

G
H

E
S

 C
O

R
P

O
R

A
TI

O
N

10
80

1 
W

 C
H

A
R

LE
S

TO
N

 B
LV

D
, 3

R
D

 F
LO

O
R

LA
S

 V
E

G
A

S
, N

V
 8

91
35

N
O

R
T

H

0

GRAPHIC SCALE

1" =         '200

100 400200200






















































































