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HYDROLOGIC CRITERIA AND DRAINAGE DESIGN MANUAL 

 

DRAINAGE SUBMITTAL CHECKLIST 
 
Project Name: Map ID: 
 
Firm Name: Engineer: 
 
Address: 
 
City:   State:   Zip:   
 
Phone Number: Fax Number: 
 
Property Owner: 
 
Address:  
 
City:   State:   Zip:   
 
Reviewed By: 
 

Date Received: Date Accepted for Review: 
 
 

 
The following checklist is intended as a guide for the engineer preparing a Technical Drainage Study to submit to 
the local entity and Clark County Regional Flood Control District (if necessary).  The listed items are the minimum 
information required prior to the entity performing a review.  The engineer will remain responsible to ensure the 
Technical Drainage Study is prepared within the guidelines as set forth in the Clark County Regional Flood Control 
District (CCRFCD) Hydrologic Criteria and Drainage Design Manual (MANUAL). 
 
This document is intended as an aid in preparing Technical Drainage Studies.  Each study submitted is reviewed 
for compliance with local and regional criteria.  This form is not intended to be all inclusive and does not limit the 
extent of the information, calculations or exhibits which may be necessary to properly evaluate the intended land 
use. 
 
If items are not applicable for the subject site, provide N/A. 
 
I.  GENERAL REQUIREMENT 
 
  Yes No 
                    Design Manual Standard Form 1 with the engineer's seal and signature. 
 
                    Design Manual Standard Form 4. 
 
                    2 copies of the 24” x 36” Drainage Plan. 
 
                    A notarized letter from the adjacent property owner(s) allowing off-site grading or discharge. 
 
II.  MAPS AND EXHIBITS 

  Yes No 

                    A copy of a current Flood Insurance Rate Map (FIRM) with the site delineated. 
 
                    A copy of the current CCRFCD Master Plan Update Figure, (F-x), for Flood Control  
  Facilities and Environmental areas with the site delineated. 
 
REFERENCE: STANDARD FORM 2 
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HYDROLOGIC CRITERIA AND DRAINAGE DESIGN MANUAL 

 

DRAINAGE SUBMITTAL CHECKLIST 
 

II.  MAPS AND EXHIBITS (Continued) 
 
  Yes No 
 
                    Off-site drainage basin maps for existing, interim and future conditions showing the existing   
 topography, basin boundaries, concentration points, and flows in cfs. 
 
                    On-site drainage basin maps for existing and proposed conditions showing the existing     
 topography, basin boundaries, concentration points, and on-site and off-site flows in cfs. 
 
                    Vicinity Map with local and major cross streets identified and a north arrow. 
 

III.  DRAINAGE PLAN 

  Yes No 

                    Sheet size:  24” x 36” sealed by a registered engineer in the State of Nevada.  
 
                    Minimum scale:  1” = 60’. 
 
                    Project name. 
 
                    Vicinity Map with local and major cross streets. 
 
                    Revision box. 
 
                    North arrow and bar scale. 
 
                    Engineer’s/consultant’s address and phone number. 
 
                    Elevation datum and benchmark. 
 
                    Legend for symbols and abbreviations. 
 
                    Cut/fill scarps, where applicable. 
 
                    Street names, grades, widths. 
 
                    Proposed future and existing spot grades for top of curbs and street crowns at lot lines, grade   
  breaks, and along curb returns on both sides of the street. 
 
                    Existing contours encompassing the site and 100 feet beyond with spot elevations for  
 important locations, where appropriate. 
 
                    Minimum finish floor elevations with top-of-curb elevations at upstream end of lot. 
 
                    Proposed typical street sections. 

  

 
REFERENCE: STANDARD FORM 2 
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HYDROLOGIC CRITERIA AND DRAINAGE DESIGN MANUAL 

 

DRAINAGE SUBMITTAL CHECKLIST 
 
III.  DRAINAGE PLAN (Continued) 

  Yes No 
 
                    Streets with off-set crowns. 
 
                  Proposed contours or spot elevations in sufficient detail to exhibit intended drainage patterns 
 and slopes. 
 
                    Property lines. 
 
                   Right-of-way lines and widths, existing and proposed. 
 
                   Existing improvements and their elevations. 
 
                    Delineation of proposed on-site drainage basins indicating area and 10-year and 100-year    
  storm peak flows at basin concentration points. 
 
                    Concentration points and drainage flow direction with Q100 and V100 and D100 in streets. 
 
                    Cumulative flows, velocity, and direction of flow at upstream and downstream ends of site for 
  the 10-year and 100-year flows. 
 
                   Location and cross-section of street capacity calculations. 
 
                  Cross-sectional detail for channels, including cutoff wall locations. 
 
                  Existing and proposed drainage facilities, appurtenances, and connections (i.e., sidewalk,  
  ditches, swales, storm drain systems, unimproved and improved channels, and culverts, etc.) 
  stating size, material, shape, and slope with plan and profile and HGL calculations. 
 
                   Existing and proposed drainage easements and widths shown with sufficient detail. A cross  
  sectional detail must be provided that shows appropriate lining and reinforcement. 
 
                    Location and detail of existing, proposed, and future block wall openings. Minimum size is   
  16" x 48".  Wrought iron gate is required for flows > 10 cfs. 
 
                    Location and detail of flood walls illustrating depth of flow, proposed grouting height, etc. 
 
 
                    Perimeter retaining wall locations.  All existing and proposed walls (retaining screen and  
 flood) must be shown with adjacent ground elevations.  Flood walls with 8-inch concrete  
 masonry unit. 
 
                   Building and/or lot numbers. 
 
                    Alignment of all existing, proposed, or future Regional Facilities adjacent to the site. 
 
                    Limits of existing floodplain based on current FIRM or best available information; limits of  
  proposed floodplains based on best available information. 
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HYDROLOGIC CRITERIA AND DRAINAGE DESIGN MANUAL 

 

DRAINAGE SUBMITTAL CHECKLIST 
 
III.  DRAINAGE PLAN (Continued) 

  Yes No 
 
                    For areas in Zone A, AE, AH, and AO, base flood elevations (BFEs) must be shown for each 
  lot; BFEs may be listed on each lot, or in a table.  Finish floor elevations must be a  
  minimum of 18 inches above BFE. 
 
                    Appropriately elevated “humps” 6 inches above the 100 year water surface elevation at site  
  accesses where the intent is to protect the site from the Q100 flows.  
 
                    Street slopes for perimeter and interior streets.  The minimum slope is 0.4 percent.  
 
                    Location and detail of best management practice (BMP) for parking lots and low impact  
  development (LID) (if required).  
 

IV.  HYDROLOGIC ANALYSIS 

  Yes No 
 
                    Appropriate soil information and Soils Map for existing and future conditions with subbasins 
  and property delineated. 
 
                   Input and output information for existing conditions from computer models (HEC-1 or TR-55).  
  The flow routing diagram must be provided with HEC-1 models. 
 
                    Input and output information for future conditions from computer models (HEC-1 or TR-55).  
  The flow routing diagram must be provided with HEC-1 models. 
 
                   Use of correct precipitation values in and around the McCarran Airport rainfall area. 
 
                   A discussion in the text of the hydrologic analysis justifying subbasin boundaries and cutoffs, 
  supporting assumptions, and calculations. 
 
                   A summary table of stormwater flows showing basin area, Q10 and Q100 for both individual  
  basins and combined basin flows, where applicable. 
 
                  Copies of supporting technical information referenced from a previously approved study and 
  a statement accepting these results. 
 
                   On-site facilities must perpetuate flows through or around the site without significantly  
  impacting adjacent property owners in accordance with current Nevada Drainage Law. 
 
                   Calculation for impervious area for parking lots and LIDs (if required). 
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HYDROLOGIC CRITERIA AND DRAINAGE DESIGN MANUAL 
 

DRAINAGE SUBMITTAL CHECKLIST 

  
V.  HYDRAULIC ANALYSIS  
 
  Yes No 
 
                    Flow split calculations and supporting documentation or reference for the method of flow split 
  calculations used. 
 
                   Normal depth street flow calculations and cross section diagrams for all interior and perimeter 
  streets.  Provide "d x v" products for the Q100 and Q10 flows representing the worst case for 
  interior and all perimeter streets.  Q100 d x v < 8.  Q10 d x v < 6 and 12 foot dry lane for  
  rights-of-way > 80 feet.  Calculations must be labeled by street name as indicated on the 
  Grading Plan. 
 
                   A summary table of interior and exterior street capacity calculations showing the street name, 
  Q100 flow, slope, depth of flow, velocity and depth times velocity product and streets needing 
  to meet 12 foot dry lane criteria. 
 
                   Appropriate hydraulic calculations for block wall openings assuming a 50 percent vertical 
  clogging factor.  (Assume the lower half of the opening is plugged.) 
 
                   Appropriate hydraulic calculations at drainage easement entrance and discharge locations to 
  set finish floor elevations. Hydraulic calculations must include submerged weir,   
  superelevation and tee intersection losses, where appropriate. 
 
                  Provide necessary freeboard requirements to set the finished floor elevations of all proposed 
 buildings, 2 x depth of flow or depth of flow plus 18 inches of freeboard, whichever is less.  
 The minimum requirement is 6 inches above adjacent upstream top of curb.  Buildings 
 adjacent to drainage easements must always be provided with 18 inches of freeboard above 
 the Q100 weir height or flow depth, whichever is greater. 
 
                  A complete water surface profile analysis (HEC-2, HEC-RAS, etc.) for channel flows and 
 FEMA Zone A flood zones. 
 

• Field survey data. 
• Input and output information. 
• Plotted cross-sections based on survey with proper encroachments. 
• A map showing the location of the cross-sections. 
• Analysis of both sub and super-critical flow segments. 
• A summary table and a discussion of the results in the text of the report. 

 
                   Provide a 50 percent clogging factor in the capacity calculation for drop inlets. 
 
                   Hydraulic calculations for culverts and storm drains. D-Load calculations must be provided  
 for storm drain pipes in public rights-of-way, including headwater pool inundation. 
 
                   The mitigation of nuisance water, both during construction and in the fully developed 
 condition, must be addressed. 
 
                   Provide BMP type, size and supporting calculations for parking lots and LIDs (if required). 
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II. GRADING PLAN INFORMATION 

Yes No  

  Proposed on-site and off-site storm drains and other flood control facilities with plan and profile 
sheets for public storm drains showing the class of pipe, (Class III, IV, V, etc.), design hydraulic 
grade line, (HGL) and 100 year storm flow. A public drainage easement must be provided over on-
site storm drains conveying off-site flows. An overflow path must be provided over all storm drains. 

  All existing and “to be constructed” walls with cross-sections showing wall type, (e.g. block wall, 
retaining wall, flood wall, etc.), with limits clearly defined, adjacent ground elevations. Wall heights 
must meet current ordinances and in no case exceed 14 feet above the adjacent property. 

  Street slopes for both interior and perimeter streets.  Note: The minimum slope for a roadway is 0.4 
percent, a minimum 18-inch storm drain must be provided where minimum slopes cannot be met. 

  Back of lot elevations and lot drainage pattern for all lots including common lots. 
  Sites with a grade difference two feet above or below existing ground are required to have 

approval from City of Las Vegas Current Planning.  Current Planning approval is required prior to 
final approval of the drainage study. 

  On-site facilities must perpetuate flows through or around the site without significantly impacting 
adjacent property owners. (The project must pass flows through the site every 600 feet where the 
project is blocking flow paths.) 

  This project uses a solid grouted stem wall (or approved alternate) at the back of sidewalk to provide 
erosion protection for landscaped areas where the depth of flow in the roadway exceeds the back of 
walk elevation. A corresponding cross-section detail is included. 

  Commercial and Common Lot Landscape areas are not allowed to drain over the sidewalk.  The 
grading plans show flow lines with grades and sidewalk under drains for all landscape areas draining 
to the public ROW. 

 

III. Local Entity Criteria - City of Las Vegas – Manual Section 1600 

Yes No  

  Concrete valley gutters are required in parking lots with slopes less than 1 percent.  Slopes through 
cul-de-sac must be at a 1 percent minimum where flow is drained through the cul-de-sac. 

  Ten-foot wide public drainage easements to be privately maintained are allowed for flow less than 20 
cfs.  The depth of flow entering the easement must be checked using the submerged weir 
calculation. 

  The limits of the flood zones and the base flood elevations (BFE) must be shown on all grading plans 
for all developments within a Special Flood Hazard Zone A, AO, AE, etc. 

  Minimum finish floor elevation is 6 inches above highest adjacent top of curb.  Finish floor 
calculations must include allowances for super elevations on curves and velocity head for tee 
intersections. 

  Finished floor elevations for buildings adjacent to public drainage easements must be a minimum of 
18 inches above the Q100 weir of submerged weir elevation, whichever is greater. 
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III. Local Entity Criteria - City of Las Vegas – Manual Section 1600 

Yes No  
  Lots with “B and C Type Drainage” that drain from one lot to another through a drainage easement 

shall be required to install an underground nuisance drainage system or a 2-foot valley gutter.  16” x 
24” minimum block wall openings are required for both options. 

  Bubblers are required across 80 foot and greater ROW streets.  When flows exceed 10 cfs, bubblers 
larger than 18 inches will be required up to a maximum of 36”.  Inlets must be sized to match the pipe 
size provided. 

• Contact the Flood Control Section regarding the drainage study review fee.  These fees are payable at the time of 
submittal. 

• The Drainage Study must be conditionally approved prior to submitting improvement plans to the Civil and Planning 
Development of the Department of Building and Safety for review. 

This document is intended as an aid in preparing Technical Drainage Studies for the City of Las Vegas.  Each study submitted is 
reviewed for compliance with local and regional criteria. This form is not intended to be all-inclusive and does not limit the extent of 
the information, calculations or exhibits which may be necessary to properly evaluate the intended land use. 
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June 10, 2020 
 
Albert Sung 
City of Las Vegas 
Flood Control Division Department of Public Works 
333 N. Rancho Drive 
Las Vegas, NV  89106 
 
Subject:  Update #1 to the Technical Drainage Study for Cliff Shadows & Hickam 
  (DS5270A)   

Mr. Sung: 

This document and attachments will serve as Update #1 to the Technical Drainage Study for Cliff Shadows & 
Hickam which was approved by the City of Las Vegas on May 20, 2020 (see attached Figures 1 & 2 for vicinity 
& location map). The original drainage study was prepared to address drainage and grading improvements 
for a proposed 10-acre residential subdivision. This update addresses the following changes: 
 

• Lowering finished floors of lots 15 – 51 and lots 58 -66 to meet the water pressure requirement. 
• Redesign of the drainage facility to intercept the 40 cfs at point DPT1 as shown on Figure 5 
• Addition of an earthen berm along a portion of the western boundary to intercept runoff from basin 

OFF1E and convey it onsite via a proposed 10-foot-wide trapezoidal rip rap channel. 
 

Excerpts from the original TDS are included in the appendix for reference. 

HYDROLOGY 
 
The hydrology only slightly changed due to the revisions in this update. Since the slope of Wild Parsley Avenue 
was reduced from 1.95% to 1.22% the half street capacity was reduced from 10 cfs to 8 cfs. Therefore, it is 
likely that 2 cfs on the north side of the street might overtop the crown to the south side and flow south down 
Desert Flora Street. However, the analysis in the original report is conservative to assume that the 2 cfs impacts 
the adjacent Concordia Residential site. Therefore, the hydrology was not revised. Ultimately all runoff is 
combined in Hickam Avenue following the natural drainage path.   
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HYDRAULICS 
 
Normal Depth Hydraulics 
 
An earthen berm is proposed along a portion of the western boundary of the site. This berm will convey runoff 
generated by basin OFF1E to a 10 foot wide rip rap channel designed to concentrate the runoff into the 5 foot 
wide concrete channel - as opposed to the original design allowing it to sheet flow down the embankment. 
The original Section A has been relocated to this rip rap channel and explained below: 
 
Section A: Section A is a 10-foot-wide trapezoidal rip rap channel at a 40% slope. Upstream runoff is generated 
by basin OFF1E and estimated to be 7 cfs. Per the attached rip rap calculations, the d50 = 1.50 feet.  
 
Due to minor street slope revisions, the following street sections were revised: 
 
Section 1: Section 1 was taken across the northern half street of Wild Parsley Avenue to estimate the half street 
capacity. With a revised slope of 1.22%, the half street capacity was reduced from 10 cfs to 8 cfs. Please note 
the hydrology analyses was not revised – see discussion above under HYDROLOGY.  
 
Section 2: Section 2 was taken across Desert Flora Street. Since the street slopes slightly changed from the 
original TDS, this section was revised. Calculations are attached and the results are shown on Figure 5. 
 
 
WSPG 
 
The design to intercept runoff from point DPT1 onto the subject site has been revised with this update. The 
original concept was to allow runoff to sheet flow down a block wall into a 10-foot-wide concrete channel and 
be routed east to the existing storm drain system adjacent to Concordia.  The attached revised design proposes 
to intercept the runoff from point DPT1 via a headwall entrance into a 36” RCP storm drain system with two 
drop manholes. This storm drain system will outlet into the 10-foot-wide concrete channel as shown on Figure 
5. Three separate WSPG’s were modeled to best estimate the HGL in the drop manhole system and explained 
below:  
 
LAT 1:  The WSPG System Outlet starts at the 10-foot-wide concrete channel where it transitions to rip rap near 
the northeast corner of the subject site. The outlet HGL input into the WSPG model is the invert of the channel 
at the outlet - which defaults to critical depth. The System Headworks is at SDMH #2. The headworks HGL 
input into the WSPG model is the headworks invert the plus 3.3 feet (which is the depth estimated from the 
attached nomograph chart for inlet control of a 36” RCP with a Q100 of 40 cfs). Please note the channel portion 
of this section was modeled with runoff from point DPT1c (48 cfs) to simplify the analysis and to provide 
conservative results. Also note that the channel portion of LAT1 was only analyzed to check for hydraulic 
jumps and to provide downstream conditions from the drop manhole structure – therefore the HGL in the 
channel is not plotted on any profiles in the plan set. The hydraulic model is attached along with results shown 
on the WSPG Summary Table. 
 





LIST OF APPENDICES 
 
 
Figures 
 
Figure 5 – Developed Conditions Drainage Map 
 
Hydraulic Calculations 
 
Nomograph Calculations 
Normal Depth Street Capacity & Easement Calculations 
Rip Rap Calculation 
 
WSPG Analysis  
 
WSPG Summary Table 
WSPG Input and Output Models for LAT1, LAT2 & LAT3 
 
Reference Material 
 
Cliff Shadows & Hickam TDS 
 
Plans and Details 
 
 
 

 
 
 
 
 

 
 



 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
FIGURES 









 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

HYDRAULIC CALCULATIONS 



MOMENTUM2
Line

MOMENTUM2
Text Box
NOMOGRAPH 36" RCP

MOMENTUM2
Text Box
Q100 = 40 cfs
D = 36"
HW/D = 1.1
HW = 3.3'



Project Description

Friction Method Manning Formula

Solve For Discharge

Input Data

Channel Slope 0.01220 ft/ft

Normal Depth 0.38 ft

Section Definitions

Station (ft) Elevation (ft)

0+00.000 1.00

0+00.000 0.48

0+05.000 0.38

0+05.000 0.38

0+07.000 0.00

0+08.000 0.08

0+08.000 0.12

0+25.000 0.38

Roughness Segment Definitions

Start Station Ending Station Roughness Coefficient

(0+00.000, 1.00) (0+25.000, 0.38) 0.016

Options

Current Roughness Weighted 
Method

Pavlovskii's Method

Open Channel Weighting Method Pavlovskii's Method

Closed Channel Weighting Method Pavlovskii's Method

Results

Discharge 8.33 ft³/s

Elevation Range 0.00 to 1.00 ft

Flow Area 2.93 ft²

Wetted Perimeter 20.08 ft

Hydraulic Radius 0.15 ft

Worksheet for Section 1 Half Street Capacity

6/10/2020 9:26:44 AM

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

Top Width 20.00 ft

Normal Depth 0.38 ft

Critical Depth 0.41 ft

Critical Slope 0.00683 ft/ft

Velocity 2.84 ft/s

Velocity Head 0.13 ft

Specific Energy 0.51 ft

Froude Number 1.31

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 0.38 ft

Critical Depth 0.41 ft

Channel Slope 0.01220 ft/ft

Critical Slope 0.00683 ft/ft

Worksheet for Section 1 Half Street Capacity

6/10/2020 9:26:44 AM

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 Discharge

Input Data

Channel Slope 0.01220 ft/ft

Normal Depth 0.38 ft

Discharge 8.33 ft³/s

Cross Section Image

Cross Section for Section 1 Half Street Capacity

6/10/2020 9:27:07 AM

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 0.04270 ft/ft

Discharge 8.00 ft³/s

Section Definitions

Station (ft) Elevation (ft)

0+00.000 1.00

0+00.000 0.48

0+05.000 0.38

0+05.000 0.38

0+07.000 0.00

0+08.000 0.08

0+08.000 0.12

0+25.000 0.38

0+42.000 0.12

0+42.000 0.08

0+43.000 0.00

0+44.000 0.38

0+44.000 0.38

0+49.000 0.48

0+49.000 1.00

Roughness Segment Definitions

Start Station Ending Station Roughness Coefficient

(0+00.000, 1.00) (0+49.000, 1.00) 0.016

Options

Current Roughness Weighted 
Method

Pavlovskii's Method

Open Channel Weighting Method Pavlovskii's Method

Closed Channel Weighting Method Pavlovskii's Method

Worksheet for Section 2 10yr max

6/10/2020 9:31:35 AM

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 0.26 ft

Elevation Range 0.00 to 1.00 ft

Flow Area 2.07 ft²

Wetted Perimeter 23.05 ft

Hydraulic Radius 0.09 ft

Top Width 22.89 ft

Normal Depth 0.26 ft

Critical Depth 0.33 ft

Critical Slope 0.00755 ft/ft

Velocity 3.86 ft/s

Velocity Head 0.23 ft

Specific Energy 0.49 ft

Froude Number 2.26

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 0.26 ft

Critical Depth 0.33 ft

Channel Slope 0.04270 ft/ft

Critical Slope 0.00755 ft/ft

Worksheet for Section 2 10yr max
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Channel Slope 0.04270 ft/ft

Normal Depth 0.26 ft

Discharge 8.00 ft³/s

Cross Section Image

Cross Section for Section 2 10yr max
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Channel Slope 0.00500 ft/ft

Discharge 8.00 ft³/s

Section Definitions

Station (ft) Elevation (ft)

0+00.000 1.00

0+00.000 0.48

0+05.000 0.38

0+05.000 0.38

0+07.000 0.00

0+08.000 0.08

0+08.000 0.12

0+25.000 0.38

0+42.000 0.12

0+42.000 0.08

0+43.000 0.00

0+44.000 0.38

0+44.000 0.38

0+49.000 0.48

0+49.000 1.00

Roughness Segment Definitions

Start Station Ending Station Roughness Coefficient

(0+00.000, 1.00) (0+49.000, 1.00) 0.016

Options

Current Roughness Weighted 
Method

Pavlovskii's Method

Open Channel Weighting Method Pavlovskii's Method

Closed Channel Weighting Method Pavlovskii's Method

Worksheet for Section 2 10yr min
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Results

Normal Depth 0.35 ft

Elevation Range 0.00 to 1.00 ft

Flow Area 4.69 ft²

Wetted Perimeter 35.53 ft

Hydraulic Radius 0.13 ft

Top Width 35.34 ft

Normal Depth 0.35 ft

Critical Depth 0.33 ft

Critical Slope 0.00755 ft/ft

Velocity 1.71 ft/s

Velocity Head 0.05 ft

Specific Energy 0.40 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 0.35 ft

Critical Depth 0.33 ft

Channel Slope 0.00500 ft/ft

Critical Slope 0.00755 ft/ft

Worksheet for Section 2 10yr min

6/10/2020 9:27:50 AM
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Channel Slope 0.00500 ft/ft

Normal Depth 0.35 ft

Discharge 8.00 ft³/s

Cross Section Image

Cross Section for Section 2 10yr min
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Channel Slope 0.04270 ft/ft

Discharge 17.00 ft³/s

Section Definitions

Station (ft) Elevation (ft)

0+00.000 1.00

0+00.000 0.48

0+05.000 0.38

0+05.000 0.38

0+07.000 0.00

0+08.000 0.08

0+08.000 0.12

0+25.000 0.38

0+42.000 0.12

0+42.000 0.08

0+43.000 0.00

0+44.000 0.38

0+44.000 0.38

0+49.000 0.48

0+49.000 1.00

Roughness Segment Definitions

Start Station Ending Station Roughness Coefficient

(0+00.000, 1.00) (0+49.000, 1.00) 0.016

Options

Current Roughness Weighted 
Method

Pavlovskii's Method

Open Channel Weighting Method Pavlovskii's Method

Closed Channel Weighting Method Pavlovskii's Method

Worksheet for Section 2 100yr max
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Results

Normal Depth 0.32 ft

Elevation Range 0.00 to 1.00 ft

Flow Area 3.68 ft²

Wetted Perimeter 31.33 ft

Hydraulic Radius 0.12 ft

Top Width 31.15 ft

Normal Depth 0.32 ft

Critical Depth 0.42 ft

Critical Slope 0.00678 ft/ft

Velocity 4.61 ft/s

Velocity Head 0.33 ft

Specific Energy 0.65 ft

Froude Number 2.36

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 0.32 ft

Critical Depth 0.42 ft

Channel Slope 0.04270 ft/ft

Critical Slope 0.00678 ft/ft

Worksheet for Section 2 100yr max
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Channel Slope 0.04270 ft/ft

Normal Depth 0.32 ft

Discharge 17.00 ft³/s

Cross Section Image

Cross Section for Section 2 100yr max
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Channel Slope 0.00500 ft/ft

Discharge 17.00 ft³/s

Section Definitions

Station (ft) Elevation (ft)

0+00.000 1.00

0+00.000 0.48

0+05.000 0.38

0+05.000 0.38

0+07.000 0.00

0+08.000 0.08

0+08.000 0.12

0+25.000 0.38

0+42.000 0.12

0+42.000 0.08

0+43.000 0.00

0+44.000 0.38

0+44.000 0.38

0+49.000 0.48

0+49.000 1.00

Roughness Segment Definitions

Start Station Ending Station Roughness Coefficient

(0+00.000, 1.00) (0+49.000, 1.00) 0.016

Options

Current Roughness Weighted 
Method

Pavlovskii's Method

Open Channel Weighting Method Pavlovskii's Method

Closed Channel Weighting Method Pavlovskii's Method

Worksheet for Section 2 100yr min

6/10/2020 9:28:49 AM
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Results

Normal Depth 0.44 ft

Elevation Range 0.00 to 1.00 ft

Flow Area 8.12 ft²

Wetted Perimeter 45.05 ft

Hydraulic Radius 0.18 ft

Top Width 44.85 ft

Normal Depth 0.44 ft

Critical Depth 0.42 ft

Critical Slope 0.00678 ft/ft

Velocity 2.09 ft/s

Velocity Head 0.07 ft

Specific Energy 0.51 ft

Froude Number 0.87

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 0.44 ft

Critical Depth 0.42 ft

Channel Slope 0.00500 ft/ft

Critical Slope 0.00678 ft/ft

Worksheet for Section 2 100yr min
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Channel Slope 0.00500 ft/ft

Normal Depth 0.44 ft

Discharge 17.00 ft³/s

Cross Section Image

Cross Section for Section 2 100yr min
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.033

Channel Slope 0.40000 ft/ft

Left Side Slope 2.00 ft/ft (H:V)

Right Side Slope 2.00 ft/ft (H:V)

Bottom Width 4.00 ft

Discharge 5.00 ft³/s

Results

Normal Depth 0.15 ft

Flow Area 0.65 ft²

Wetted Perimeter 4.68 ft

Hydraulic Radius 0.14 ft

Top Width 4.61 ft

Critical Depth 0.34 ft

Critical Slope 0.02467 ft/ft

Velocity 7.67 ft/s

Velocity Head 0.91 ft

Specific Energy 1.07 ft

Froude Number 3.59

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 0.15 ft

Critical Depth 0.34 ft

Channel Slope 0.40000 ft/ft

Worksheet for Section A
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Worksheet for Section A
GVF Output Data

Critical Slope 0.02467 ft/ft
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.033

Channel Slope 0.40000 ft/ft

Normal Depth 0.15 ft

Left Side Slope 2.00 ft/ft (H:V)

Right Side Slope 2.00 ft/ft (H:V)

Bottom Width 4.00 ft

Discharge 5.00 ft³/s

Cross Section Image

Cross Section for Section A
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SIZING OF RIPRAP STONE FOR CHANNEL STABILITY SECTION A
Based on criteria stated in the  CCRFCD Hydrologic Criteria and Drainage Design MANUAL
The MANUAL recommends that estimates of preliminary stone size be based on equations 734 and 735 as follows:
[734] V = 3 (d50)0.5  (Ss-1) / S0.17

where V = mean channel velocity in feet per second
S = longitudinal slope in feet per foot
Ss = specific gravity of the stone (minimum Ss = 2.50)
d50 = Rock Size, in feet, for which 50% of the rock by weight is smaller

Spreadsheet calculation: d50 = {(V S0.17)/3(Ss-1)}2

Input: V= 7.67 fps
S= 0.5 ft/ft
Ss = 2.64

Output: d50 = 1.92 ft (an estimate)

[735] d50 = 0.010 V2.44

where V = mean channel velocity in feet per second
d50 = Rock Size, in feet, for which 50% of the rock by weight is smaller

Spreadsheet calculation: d50 = 0.010 V2.44

Input: V= 7.67 fps
Output: d50 = 1.44 ft (an estimate)

The MANUAL recommends that final design of stone size be based on equation 736 as follows:
[736] d50 = 14.2 Fs  Ymax  Se / K1

where d50 = Rock Size, in feet, for which 50% of the rock by weight is smaller

Fs = Stability Factor:

=1.0 - 1.2, for straight or mildly curving reach
=1.2 - 1.4, for moderate bend curvature with minor impact from

floating debris
=1.4 - 1.6, for sharp bend with significant impact from floating

debris and waves
=1.6 - 2.0, for rapidly varying flow with significant uncertainty in design

Ymax = maximum channel depth in feet
Se = average energy slope, in feet per foot
K1 = bank angle modification factor

K1 = [ 1 - (sin2 Q / sin2 f)]0.5

Q = bank angle with horizontal
f = riprap material angle of repose (use 42 deg.)

Spreadsheet calculation: d50 = 14.2 Fs  Ymax  Se / K1

Input: Fs = 1.1
Ymax = 0.15 feet
Se = 0.4 feet /foot
Q = 30 degrees
f = 42 degrees

Output:  d50 = 1.41 ft (final design)



 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

WSPG & SUPPORTING DOCUMENTS 



WSPG STA
DESCRIPTION OR 

MH# FACILITY DIMENSION
Q100 (Upstream) 

cfs
INLET/JUNCTION 

cfs
FG/GRATE/RIM         

ft
HGL                           

ft 
FG - HGL              

ft NOTES

-1569.83 CHANNEL 10' CHANNEL 48 NA NA 2974.49 NA OULTET AT LAT1*
(-1569.83) - (-1097.783) CHANNEL REACH 10' CHANNEL 48 NA

(-1097.830) SD OUTFALL 36" RCP 40 8 NA 2981.53 NA 36" RCP DAYLIGHTS
(-1097.83) - (-1083.12) SD REACH 36" RCP 40 NA
(-1083.12) - (-1078.12) SDMH#2 60" MANHOLE 40 NA 2999.20 2984.93 14.27 HEADWORKS AT LAT1

WSPG STA
DESCRIPTION OR 

MH# FACILITY DIMENSION
Q100 (Upstream) 

cfs
INLET/JUNCTION 

cfs
FG/GRATE/RIM         

ft
HGL                           

ft 
FG - HGL              

ft NOTES

(-1078.12) SDMH#2 40 NA 2999.20 2990.2 9.00 OULTET AT LAT2*
(-1078.12) - (-1031.89) SD REACH 36" RCP 40 NA
(-1031.89) - (1026.89) SDMH#1 36" RCP 40 NA 3010 2996.99 13.01 HEADWORKS AT LAT2

WSPG STA
DESCRIPTION OR 

MH# FACILITY DIMENSION
Q100 (Upstream) 

cfs
INLET/JUNCTION 

cfs
FG/GRATE/RIM         

ft
HGL                           

ft 
FG - HGL              

ft NOTES

(-1026.89) SDMH#1 40 NA 3010 3002.23 7.77 OULTET AT LAT3*
(-1026.89) - (-1000.00) SD REACH 36" RCP 40 NA
(-1000.00) - (-999.99) HEADWALL 36" RCP 40 40 NA 3007.51 NA HEADWORKS AT LAT3

LAT 3 WSPG SUMMARY TABLE                                                                                                                                                                                                                                                                                                                                                  
UPDATE #1 CLIFF SHADOWS & HICKAM                                                                                                                                                                                                                                                  

* HGL at Outlet is the WSPG default at critical depth

LAT 1 WSPG SUMMARY TABLE                                                                                                                                                                                                                                                                                                                                           
UPDATE #1 CLIFF SHADOWS & HICKAM                                                                                                                                                                                                                                                  

LAT 2 WSPG SUMMARY TABLE                                                                                                                                                                                                                                                                                                                                              
UPDATE #1 CLIFF SHADOWS & HICKAM                                                                                                                                                                                                                                                  

* HGL at Outlet is the WSPG default at critical depth

* HGL at Outlet is the WSPG default at critical depth



T1 LAT1 UPDATE1 CLIFF SHADOWS & HICKAM                                 0                     
T2       1         2         3         4         5         6         7         8         9 
T3 456789012345678901234567890123456789012345678901234567890123456789012345678901234567890 
SO  -1569.8302973.950  1                          2973.950     
R   -1207.8302979.600  1      .013                                  .000  15.000 0                                
R   -1097.8302980.240  1      .013                                  .000  00.000 0  
JX  -1097.8302980.240  1  1   .013   8.000         2311.59         90.0       00.000 
WX  -1097.8302980.240  2 
R   -1083.1202981.710  2      .013                                  .000  00.000 0 
WE  -1083.1202981.710  3        
R   -1078.1202981.920  3      .013  
SH  -1078.1202981.920  3                          2985.220                                      
CD   1  3   0    .000   3.000   10.000  .000  .000   .00                                             
CD   2  4   0    .000   3.000     .000  .000  .000   .00                                             
CD   3  4   0    .000   5.000     .000  .000  .000   .00 
CD   4  3   0    .000   4.000    3.000  .000  .000   .00          
CD   5  4   0    .000   4.000    0.000  .000  .000   .00 
CD   6  3   0    .000   4.000    8.000  .000  .000   .00  
CD   8  3   0    .000   5.000    3.000  .000  .000   .00   
Q            40.000   .0 
 



 FILE: CSHLAT1.WSW                           W S P G W - CIVILDESIGN Version 14.08                                         PAGE    1 
                                Program Package Serial Number: 7204                                      
                                                    WATER SURFACE PROFILE LISTING                    Date: 6-10-2020  Time: 9:37: 9 
                          LAT1 UPDATE1 CLIFF SHADOWS & HICKAM                                 0      
                                  1         2         3         4         5         6         7      
                              4567890123456789012345678901234567890123456789012345678901234567890123 
 ************************************************************************************************************************** ******** 
          | Invert  |  Depth |  Water  |    Q    |  Vel     Vel  |  Energy | Super |Critical|Flow Top|Height/|Base Wt|      |No Wth 
  Station |  Elev   |  (FT)  |  Elev   |  (CFS)  | (FPS)    Head |  Grd.El.|  Elev | Depth  | Width  |Dia.-FT|or I.D.|  ZL  |Prs/Pip 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-    -| 
  L/Elem  |Ch Slope |        |         |         |         SF Ave|    HF   |SE Dpth|Froude N|Norm Dp |  "N"  | X-Fall|  ZR  |Type Ch 
 *********|*********|********|*********|*********|*******|*******|*********|*******|********|********|*******|*******|***** |******* 
          |         |        |         |         |               |         |       |        |        |       |       |      |        
 -1569.830  2973.950     .542  2974.492     48.00    8.86    1.22  2975.71     .00     .89    10.00    3.000   10.000   .00   0   .0 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-     |-       
   226.575    .0156                                         .0156     3.54      .54    2.12     .54    .013       .00   .00  BOX     
          |         |        |         |         |               |         |       |        |        |       |       |      |        
 -1343.255  2977.486     .542  2978.028     48.00    8.86    1.22  2979.25     .00     .89    10.00    3.000   10.000   .00   0   .0 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-     |-       
    76.391    .0156                                         .0148     1.13      .54    2.12     .54    .013       .00   .00  BOX     
          |         |        |         |         |               |         |       |        |        |       |       |      |        
 -1266.864  2978.679     .561  2979.240     48.00    8.56    1.14  2980.38     .00     .89    10.00    3.000   10.000   .00   0   .0 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-     |-       
    28.956    .0156                                         .0130      .38      .56    2.01     .54    .013       .00   .00  BOX     
          |         |        |         |         |               |         |       |        |        |       |       |      |        
 -1237.908  2979.131     .588  2979.719     48.00    8.16    1.03  2980.75     .00     .89    10.00    3.000   10.000   .00   0   .0 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-     |-       
    14.646    .0156                                         .0111      .16      .59    1.88     .54    .013       .00   .00  BOX     
          |         |        |         |         |               |         |       |        |        |       |       |      |        
 -1223.262  2979.359     .617  2979.976     48.00    7.78     .94  2980.92     .00     .89    10.00    3.000   10.000   .00   0   .0 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-     |-       
     9.180    .0156                                         .0096      .09      .62    1.75     .54    .013       .00   .00  BOX     
          |         |        |         |         |               |         |       |        |        |       |       |      |        
 -1214.081  2979.502     .647  2980.149     48.00    7.42     .85  2981.00     .00     .89    10.00    3.000   10.000   .00   0   .0 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-     |-       
     6.251    .0156                                         .0082      .05      .65    1.63     .54    .013       .00   .00  BOX     
          |         |        |         |         |               |         |       |        |        |       |       |      |        
 -1207.830  2979.601     .679  2980.279     48.00    7.07     .78  2981.06     .00     .89    10.00    3.000   10.000   .00   0   .0 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-     |-       
     8.223    .0058                                         .0078      .06      .68    1.51     .74    .013       .00   .00  BOX     
          |         |        |         |         |               |         |       |        |        |       |       |      |        
 -1199.607  2979.648     .666  2980.315     48.00    7.20     .81  2981.12     .00     .89    10.00    3.000   10.000   .00   0   .0 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-     |-       
    17.058    .0058                                         .0087      .15      .67    1.56     .74    .013       .00   .00  BOX     
          |         |        |         |         |               |         |       |        |        |       |       |      |        
 -1182.549  2979.748     .635  2980.383     48.00    7.56     .89  2981.27     .00     .89    10.00    3.000   10.000   .00   0   .0 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-     |-       
    13.627    .0058                                         .0102      .14      .64    1.67     .74    .013       .00   .00  BOX     



 FILE: CSHLAT1.WSW                           W S P G W - CIVILDESIGN Version 14.08                                         PAGE    2 
                                Program Package Serial Number: 7204                                      
                                                    WATER SURFACE PROFILE LISTING                    Date: 6-10-2020  Time: 9:37: 9 
                          LAT1 UPDATE1 CLIFF SHADOWS & HICKAM                                 0      
                                  1         2         3         4         5         6         7      
                              4567890123456789012345678901234567890123456789012345678901234567890123 
 ************************************************************************************************************************** ******** 
          | Invert  |  Depth |  Water  |    Q    |  Vel     Vel  |  Energy | Super |Critical|Flow Top|Height/|Base Wt|      |No Wth 
  Station |  Elev   |  (FT)  |  Elev   |  (CFS)  | (FPS)    Head |  Grd.El.|  Elev | Depth  | Width  |Dia.-FT|or I.D.|  ZL  |Prs/Pip 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-    -| 
  L/Elem  |Ch Slope |        |         |         |         SF Ave|    HF   |SE Dpth|Froude N|Norm Dp |  "N"  | X-Fall|  ZR  |Type Ch 
 *********|*********|********|*********|*********|*******|*******|*********|*******|********|********|*******|*******|***** |******* 
          |         |        |         |         |               |         |       |        |        |       |       |      |        
 -1168.921  2979.827     .606  2980.433     48.00    7.92     .98  2981.41     .00     .89    10.00    3.000   10.000   .00   0   .0 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-     |-       
    11.550    .0058                                         .0118      .14      .61    1.79     .74    .013       .00   .00  BOX     
          |         |        |         |         |               |         |       |        |        |       |       |      |        
 -1157.371  2979.894     .578  2980.472     48.00    8.31    1.07  2981.54     .00     .89    10.00    3.000   10.000   .00   0   .0 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-     |-       
    10.116    .0058                                         .0138      .14      .58    1.93     .74    .013       .00   .00  BOX     
          |         |        |         |         |               |         |       |        |        |       |       |      |        
 -1147.255  2979.953     .551  2980.504     48.00    8.72    1.18  2981.68     .00     .89    10.00    3.000   10.000   .00   0   .0 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-     |-       
     9.042    .0058                                         .0160      .14      .55    2.07     .74    .013       .00   .00  BOX     
          |         |        |         |         |               |         |       |        |        |       |       |      |        
 -1138.213  2980.005     .525  2980.531     48.00    9.14    1.30  2981.83     .00     .89    10.00    3.000   10.000   .00   0   .0 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-     |-       
     8.191    .0058                                         .0187      .15      .53    2.22     .74    .013       .00   .00  BOX     
          |         |        |         |         |               |         |       |        |        |       |       |      |        
 -1130.021  2980.053     .501  2980.553     48.00    9.59    1.43  2981.98     .00     .89    10.00    3.000   10.000   .00   0   .0 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-     |-       
     7.490    .0058                                         .0218      .16      .50    2.39     .74    .013       .00   .00  BOX     
          |         |        |         |         |               |         |       |        |        |       |       |      |        
 -1122.531  2980.096     .477  2980.574     48.00   10.06    1.57  2982.14     .00     .89    10.00    3.000   10.000   .00   0   .0 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-     |-       
     6.894    .0058                                         .0254      .17      .48    2.57     .74    .013       .00   .00  BOX     
          |         |        |         |         |               |         |       |        |        |       |       |      |        
 -1115.638  2980.136     .455  2980.592     48.00   10.55    1.73  2982.32     .00     .89    10.00    3.000   10.000   .00   0   .0 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-     |-       
     6.377    .0058                                         .0296      .19      .46    2.76     .74    .013       .00   .00  BOX     
          |         |        |         |         |               |         |       |        |        |       |       |      |        
 -1109.261  2980.174     .434  2980.607     48.00   11.06    1.90  2982.51     .00     .89    10.00    3.000   10.000   .00   0   .0 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-     |-       
     5.920    .0058                                         .0345      .20      .43    2.96     .74    .013       .00   .00  BOX     
          |         |        |         |         |               |         |       |        |        |       |       |      |        
 -1103.341  2980.208     .414  2980.622     48.00   11.60    2.09  2982.71     .00     .89    10.00    3.000   10.000   .00   0   .0 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-     |-       
     5.511    .0058                                         .0403      .22      .41    3.18     .74    .013       .00   .00  BOX     



 FILE: CSHLAT1.WSW                           W S P G W - CIVILDESIGN Version 14.08                                         PAGE    3 
                                Program Package Serial Number: 7204                                      
                                                    WATER SURFACE PROFILE LISTING                    Date: 6-10-2020  Time: 9:37: 9 
                          LAT1 UPDATE1 CLIFF SHADOWS & HICKAM                                 0      
                                  1         2         3         4         5         6         7      
                              4567890123456789012345678901234567890123456789012345678901234567890123 
 ************************************************************************************************************************** ******** 
          | Invert  |  Depth |  Water  |    Q    |  Vel     Vel  |  Energy | Super |Critical|Flow Top|Height/|Base Wt|      |No Wth 
  Station |  Elev   |  (FT)  |  Elev   |  (CFS)  | (FPS)    Head |  Grd.El.|  Elev | Depth  | Width  |Dia.-FT|or I.D.|  ZL  |Prs/Pip 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-    -| 
  L/Elem  |Ch Slope |        |         |         |         SF Ave|    HF   |SE Dpth|Froude N|Norm Dp |  "N"  | X-Fall|  ZR  |Type Ch 
 *********|*********|********|*********|*********|*******|*******|*********|*******|********|********|*******|*******|***** |******* 
          |         |        |         |         |               |         |       |        |        |       |       |      |        
 -1097.830  2980.240     .394  2980.635     48.00   12.17    2.30  2982.93     .00     .89    10.00    3.000   10.000   .00   0   .0 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-     |-       
 JUNCT STR   .0000                                          .0739      .00     .39    3.41             .013       .00   .00  BOX     
          |         |        |         |         |               |         |       |        |        |       |       |      |        
 -1097.830  2980.240     .269  2980.509     40.00   14.87    3.43  2983.94     .00     .79    10.00    3.000   10.000   .00   0   .0 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-     |-       
  WALL  EXIT                                                                                                                 
          |         |        |         |         |               |         |       |        |        |       |       |      |        
 -1097.830  2980.240    1.292  2981.532     40.00   13.73    2.93  2984.46     .00    2.06     2.97    3.000     .000   .00   0   .0 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-     |-       
      .118    .0999                                         .0242      .00     1.29    2.44     .89    .013       .00   .00  PIPE    
          |         |        |         |         |               |         |       |        |        |       |       |      |        
 -1097.712  2980.252    1.294  2981.546     40.00   13.71    2.92  2984.46     .00    2.06     2.97    3.000     .000   .00   0   .0 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-     |-       
     2.815    .0999                                         .0227      .06     1.29    2.44     .89    .013       .00   .00  PIPE    
          |         |        |         |         |               |         |       |        |        |       |       |      |        
 -1094.897  2980.533    1.342  2981.875     40.00   13.07    2.65  2984.53     .00    2.06     2.98    3.000     .000   .00   0   .0 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-     |-       
     2.389    .0999                                         .0199      .05     1.34    2.27     .89    .013       .00   .00  PIPE    
          |         |        |         |         |               |         |       |        |        |       |       |      |        
 -1092.508  2980.772    1.392  2982.164     40.00   12.46    2.41  2984.58     .00    2.06     2.99    3.000     .000   .00   0   .0 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-     |-       
     2.026    .0999                                         .0175      .04     1.39    2.12     .89    .013       .00   .00  PIPE    
          |         |        |         |         |               |         |       |        |        |       |       |      |        
 -1090.482  2980.974    1.444  2982.418     40.00   11.88    2.19  2984.61     .00    2.06     3.00    3.000     .000   .00   0   .0 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-     |-       
     1.710    .0999                                         .0154      .03     1.44    1.98     .89    .013       .00   .00  PIPE    
          |         |        |         |         |               |         |       |        |        |       |       |      |        
 -1088.772  2981.145    1.499  2982.644     40.00   11.33    1.99  2984.64     .00    2.06     3.00    3.000     .000   .00   0   .0 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-     |-       
     1.434    .0999                                         .0136      .02     1.50    1.84     .89    .013       .00   .00  PIPE    
          |         |        |         |         |               |         |       |        |        |       |       |      |        
 -1087.338  2981.289    1.556  2982.845     40.00   10.80    1.81  2984.66     .00    2.06     3.00    3.000     .000   .00   0   .0 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-     |-       
     1.186    .0999                                         .0120      .01     1.56    1.71     .89    .013       .00   .00  PIPE    
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                                Program Package Serial Number: 7204                                      
                                                    WATER SURFACE PROFILE LISTING                    Date: 6-10-2020  Time: 9:37: 9 
                          LAT1 UPDATE1 CLIFF SHADOWS & HICKAM                                 0      
                                  1         2         3         4         5         6         7      
                              4567890123456789012345678901234567890123456789012345678901234567890123 
 ************************************************************************************************************************** ******** 
          | Invert  |  Depth |  Water  |    Q    |  Vel     Vel  |  Energy | Super |Critical|Flow Top|Height/|Base Wt|      |No Wth 
  Station |  Elev   |  (FT)  |  Elev   |  (CFS)  | (FPS)    Head |  Grd.El.|  Elev | Depth  | Width  |Dia.-FT|or I.D.|  ZL  |Prs/Pip 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-    -| 
  L/Elem  |Ch Slope |        |         |         |         SF Ave|    HF   |SE Dpth|Froude N|Norm Dp |  "N"  | X-Fall|  ZR  |Type Ch 
 *********|*********|********|*********|*********|*******|*******|*********|*******|********|********|*******|*******|***** |******* 
          |         |        |         |         |               |         |       |        |        |       |       |      |        
 -1086.152  2981.407    1.617  2983.023     40.00   10.30    1.65  2984.67     .00    2.06     2.99    3.000     .000   .00   0   .0 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-     |-       
      .966    .0999                                         .0106      .01     1.62    1.59     .89    .013       .00   .00  PIPE    
          |         |        |         |         |               |         |       |        |        |       |       |      |        
 -1085.186  2981.504    1.680  2983.184     40.00    9.82    1.50  2984.68     .00    2.06     2.98    3.000     .000   .00   0   .0 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-     |-       
      .763    .0999                                         .0093      .01     1.68    1.48     .89    .013       .00   .00  PIPE    
          |         |        |         |         |               |         |       |        |        |       |       |      |        
 -1084.423  2981.580    1.747  2983.327     40.00    9.36    1.36  2984.69     .00    2.06     2.96    3.000     .000   .00   0   .0 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-     |-       
      .578    .0999                                         .0082      .00     1.75    1.37     .89    .013       .00   .00  PIPE    
          |         |        |         |         |               |         |       |        |        |       |       |      |        
 -1083.845  2981.637    1.818  2983.455     40.00    8.93    1.24  2984.69     .00    2.06     2.93    3.000     .000   .00   0   .0 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-     |-       
      .405    .0999                                         .0073      .00     1.82    1.27     .89    .013       .00   .00  PIPE    
          |         |        |         |         |               |         |       |        |        |       |       |      |        
 -1083.440  2981.678    1.893  2983.571     40.00    8.51    1.13  2984.70     .00    2.06     2.90    3.000     .000   .00   0   .0 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-     |-       
      .240    .0999                                         .0065      .00     1.89    1.18     .89    .013       .00   .00  PIPE    
          |         |        |         |         |               |         |       |        |        |       |       |      |        
 -1083.201  2981.702    1.973  2983.675     40.00    8.12    1.02  2984.70     .00    2.06     2.85    3.000     .000   .00   0   .0 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-     |-       
      .081    .0999                                         .0057      .00     1.97    1.09     .89    .013       .00   .00  PIPE    
          |         |        |         |         |               |         |       |        |        |       |       |      |        
 -1083.120  2981.710    2.059  2983.769     40.00    7.73     .93  2984.70     .00    2.06     2.78    3.000     .000   .00   0   .0 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-     |-       
  WALL  ENTRANCE                                                                                                             
          |         |        |         |         |               |         |       |        |        |       |       |      |        
 -1083.120  2981.710    3.251  2984.961     40.00    2.96     .14  2985.10     .00    1.76     4.77    5.000     .000   .00   0   .0 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-     |-       
     2.823    .0420                                         .0004      .00     3.25     .31     .93    .013       .00   .00  PIPE    
          |         |        |         |         |               |         |       |        |        |       |       |      |        
 -1080.297  2981.829    3.120  2984.949     40.00    3.10     .15  2985.10     .00    1.76     4.84    5.000     .000   .00   0   .0 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-     |-       
     2.177    .0420                                         .0005      .00     3.12     .34     .93    .013       .00   .00  PIPE    
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                                Program Package Serial Number: 7204                                      
                                                    WATER SURFACE PROFILE LISTING                    Date: 6-10-2020  Time: 9:37: 9 
                          LAT1 UPDATE1 CLIFF SHADOWS & HICKAM                                 0      
                                  1         2         3         4         5         6         7      
                              4567890123456789012345678901234567890123456789012345678901234567890123 
 ************************************************************************************************************************** ******** 
          | Invert  |  Depth |  Water  |    Q    |  Vel     Vel  |  Energy | Super |Critical|Flow Top|Height/|Base Wt|      |No Wth 
  Station |  Elev   |  (FT)  |  Elev   |  (CFS)  | (FPS)    Head |  Grd.El.|  Elev | Depth  | Width  |Dia.-FT|or I.D.|  ZL  |Prs/Pip 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-    -| 
  L/Elem  |Ch Slope |        |         |         |         SF Ave|    HF   |SE Dpth|Froude N|Norm Dp |  "N"  | X-Fall|  ZR  |Type Ch 
 *********|*********|********|*********|*********|*******|*******|*********|*******|********|********|*******|*******|***** |******* 
          |         |        |         |         |               |         |       |        |        |       |       |      |        
 -1078.120  2981.920    3.017  2984.938     40.00    3.23     .16  2985.10     .00    1.76     4.89    5.000     .000   .00   0   .0 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-     |-       



T1 LAT2 UPDATE1 CLIFF SHADOWS & HICKAM                                 0                     
T2       1         2         3         4         5         6         7         8         9 
T3 456789012345678901234567890123456789012345678901234567890123456789012345678901234567890 
SO  -1078.1202989.150  3                          2989.150     
WX  -1078.1202989.150  3 
R   -1031.8902993.770  2      .013                                  .000  00.000 0 
WE  -1031.8902993.770  3        
R   -1026.8902993.970  3      .013                                  .000  00.000 0 
SH  -1026.8902993.970  3                          2997.270                                      
CD   1  3   0    .000   3.000   10.000  .000  .000   .00                                             
CD   2  4   0    .000   3.000     .000  .000  .000   .00                                             
CD   3  4   0    .000   5.000     .000  .000  .000   .00 
CD   4  3   0    .000   4.000    3.000  .000  .000   .00          
CD   5  4   0    .000   4.000    0.000  .000  .000   .00 
CD   6  3   0    .000   4.000    8.000  .000  .000   .00  
CD   8  3   0    .000   5.000    3.000  .000  .000   .00   
Q            40.000   .0 



 FILE: CSHLAT2.WSW                           W S P G W - CIVILDESIGN Version 14.08                                         PAGE    1 
                                Program Package Serial Number: 7204                                      
                                                    WATER SURFACE PROFILE LISTING                    Date: 6-10-2020  Time: 9:37:38 
                          LAT2 UPDATE1 CLIFF SHADOWS & HICKAM                                 0      
                                  1         2         3         4         5         6         7      
                              4567890123456789012345678901234567890123456789012345678901234567890123 
 ************************************************************************************************************************** ******** 
          | Invert  |  Depth |  Water  |    Q    |  Vel     Vel  |  Energy | Super |Critical|Flow Top|Height/|Base Wt|      |No Wth 
  Station |  Elev   |  (FT)  |  Elev   |  (CFS)  | (FPS)    Head |  Grd.El.|  Elev | Depth  | Width  |Dia.-FT|or I.D.|  ZL  |Prs/Pip 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-    -| 
  L/Elem  |Ch Slope |        |         |         |         SF Ave|    HF   |SE Dpth|Froude N|Norm Dp |  "N"  | X-Fall|  ZR  |Type Ch 
 *********|*********|********|*********|*********|*******|*******|*********|*******|********|********|*******|*******|***** |******* 
          |         |        |         |         |               |         |       |        |        |       |       |      |        
 -1078.120  2989.150    1.052  2990.202     40.00   13.30    2.75  2992.95     .00    1.76     4.08    5.000     .000   .00   0   .0 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-     |-       
  WALL  EXIT                                                                                                                 
          |         |        |         |         |               |         |       |        |        |       |       |      |        
 -1078.120  2989.151    1.051  2990.202     40.00   18.12    5.10  2995.30     .00    2.06     2.86    3.000     .000   .00   0   .0 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-     |-       
     7.202    .0999                                         .0491      .35     1.05    3.64     .89    .013       .00   .00  PIPE    
          |         |        |         |         |               |         |       |        |        |       |       |      |        
 -1070.918  2989.870    1.083  2990.953     40.00   17.40    4.70  2995.65     .00    2.06     2.88    3.000     .000   .00   0   .0 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-     |-       
     6.882    .0999                                         .0435      .30     1.08    3.43     .89    .013       .00   .00  PIPE    
          |         |        |         |         |               |         |       |        |        |       |       |      |        
 -1064.036  2990.558    1.122  2991.680     40.00   16.59    4.27  2995.95     .00    2.06     2.90    3.000     .000   .00   0   .0 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-     |-       
     5.632    .0999                                         .0381      .21     1.12    3.21     .89    .013       .00   .00  PIPE    
          |         |        |         |         |               |         |       |        |        |       |       |      |        
 -1058.405  2991.121    1.162  2992.283     40.00   15.82    3.88  2996.17     .00    2.06     2.92    3.000     .000   .00   0   .0 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-     |-       
     4.679    .0999                                         .0335      .16     1.16    3.00     .89    .013       .00   .00  PIPE    
          |         |        |         |         |               |         |       |        |        |       |       |      |        
 -1053.726  2991.588    1.204  2992.792     40.00   15.08    3.53  2996.32     .00    2.06     2.94    3.000     .000   .00   0   .0 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-     |-       
     3.927    .0999                                         .0294      .12     1.20    2.80     .89    .013       .00   .00  PIPE    
          |         |        |         |         |               |         |       |        |        |       |       |      |        
 -1049.799  2991.981    1.248  2993.229     40.00   14.38    3.21  2996.44     .00    2.06     2.96    3.000     .000   .00   0   .0 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-     |-       
     3.318    .0999                                         .0258      .09     1.25    2.61     .89    .013       .00   .00  PIPE    
          |         |        |         |         |               |         |       |        |        |       |       |      |        
 -1046.481  2992.312    1.294  2993.606     40.00   13.71    2.92  2996.52     .00    2.06     2.97    3.000     .000   .00   0   .0 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-     |-       
     2.814    .0999                                         .0227      .06     1.29    2.44     .89    .013       .00   .00  PIPE    
          |         |        |         |         |               |         |       |        |        |       |       |      |        
 -1043.666  2992.594    1.342  2993.935     40.00   13.07    2.65  2996.59     .00    2.06     2.98    3.000     .000   .00   0   .0 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-     |-       
     2.389    .0999                                         .0199      .05     1.34    2.27     .89    .013       .00   .00  PIPE    



 FILE: CSHLAT2.WSW                           W S P G W - CIVILDESIGN Version 14.08                                         PAGE    2 
                                Program Package Serial Number: 7204                                      
                                                    WATER SURFACE PROFILE LISTING                    Date: 6-10-2020  Time: 9:37:38 
                          LAT2 UPDATE1 CLIFF SHADOWS & HICKAM                                 0      
                                  1         2         3         4         5         6         7      
                              4567890123456789012345678901234567890123456789012345678901234567890123 
 ************************************************************************************************************************** ******** 
          | Invert  |  Depth |  Water  |    Q    |  Vel     Vel  |  Energy | Super |Critical|Flow Top|Height/|Base Wt|      |No Wth 
  Station |  Elev   |  (FT)  |  Elev   |  (CFS)  | (FPS)    Head |  Grd.El.|  Elev | Depth  | Width  |Dia.-FT|or I.D.|  ZL  |Prs/Pip 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-    -| 
  L/Elem  |Ch Slope |        |         |         |         SF Ave|    HF   |SE Dpth|Froude N|Norm Dp |  "N"  | X-Fall|  ZR  |Type Ch 
 *********|*********|********|*********|*********|*******|*******|*********|*******|********|********|*******|*******|***** |******* 
          |         |        |         |         |               |         |       |        |        |       |       |      |        
 -1041.277  2992.832    1.392  2994.224     40.00   12.46    2.41  2996.64     .00    2.06     2.99    3.000     .000   .00   0   .0 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-     |-       
     2.026    .0999                                         .0175      .04     1.39    2.12     .89    .013       .00   .00  PIPE    
          |         |        |         |         |               |         |       |        |        |       |       |      |        
 -1039.252  2993.035    1.444  2994.479     40.00   11.88    2.19  2996.67     .00    2.06     3.00    3.000     .000   .00   0   .0 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-     |-       
     1.710    .0999                                         .0154      .03     1.44    1.98     .89    .013       .00   .00  PIPE    
          |         |        |         |         |               |         |       |        |        |       |       |      |        
 -1037.542  2993.206    1.499  2994.704     40.00   11.33    1.99  2996.70     .00    2.06     3.00    3.000     .000   .00   0   .0 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-     |-       
     1.434    .0999                                         .0136      .02     1.50    1.84     .89    .013       .00   .00  PIPE    
          |         |        |         |         |               |         |       |        |        |       |       |      |        
 -1036.108  2993.349    1.556  2994.905     40.00   10.80    1.81  2996.72     .00    2.06     3.00    3.000     .000   .00   0   .0 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-     |-       
     1.186    .0999                                         .0120      .01     1.56    1.71     .89    .013       .00   .00  PIPE    
          |         |        |         |         |               |         |       |        |        |       |       |      |        
 -1034.922  2993.467    1.617  2995.084     40.00   10.30    1.65  2996.73     .00    2.06     2.99    3.000     .000   .00   0   .0 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-     |-       
      .966    .0999                                         .0106      .01     1.62    1.59     .89    .013       .00   .00  PIPE    
          |         |        |         |         |               |         |       |        |        |       |       |      |        
 -1033.956  2993.564    1.680  2995.244     40.00    9.82    1.50  2996.74     .00    2.06     2.98    3.000     .000   .00   0   .0 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-     |-       
      .763    .0999                                         .0093      .01     1.68    1.48     .89    .013       .00   .00  PIPE    
          |         |        |         |         |               |         |       |        |        |       |       |      |        
 -1033.193  2993.640    1.747  2995.387     40.00    9.36    1.36  2996.75     .00    2.06     2.96    3.000     .000   .00   0   .0 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-     |-       
      .578    .0999                                         .0082      .00     1.75    1.37     .89    .013       .00   .00  PIPE    
          |         |        |         |         |               |         |       |        |        |       |       |      |        
 -1032.615  2993.698    1.818  2995.515     40.00    8.93    1.24  2996.75     .00    2.06     2.93    3.000     .000   .00   0   .0 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-     |-       
      .405    .0999                                         .0073      .00     1.82    1.27     .89    .013       .00   .00  PIPE    
          |         |        |         |         |               |         |       |        |        |       |       |      |        
 -1032.210  2993.738    1.893  2995.631     40.00    8.51    1.13  2996.76     .00    2.06     2.90    3.000     .000   .00   0   .0 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-     |-       
      .240    .0999                                         .0065      .00     1.89    1.18     .89    .013       .00   .00  PIPE    
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                                Program Package Serial Number: 7204                                      
                                                    WATER SURFACE PROFILE LISTING                    Date: 6-10-2020  Time: 9:37:38 
                          LAT2 UPDATE1 CLIFF SHADOWS & HICKAM                                 0      
                                  1         2         3         4         5         6         7      
                              4567890123456789012345678901234567890123456789012345678901234567890123 
 ************************************************************************************************************************** ******** 
          | Invert  |  Depth |  Water  |    Q    |  Vel     Vel  |  Energy | Super |Critical|Flow Top|Height/|Base Wt|      |No Wth 
  Station |  Elev   |  (FT)  |  Elev   |  (CFS)  | (FPS)    Head |  Grd.El.|  Elev | Depth  | Width  |Dia.-FT|or I.D.|  ZL  |Prs/Pip 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-    -| 
  L/Elem  |Ch Slope |        |         |         |         SF Ave|    HF   |SE Dpth|Froude N|Norm Dp |  "N"  | X-Fall|  ZR  |Type Ch 
 *********|*********|********|*********|*********|*******|*******|*********|*******|********|********|*******|*******|***** |******* 
          |         |        |         |         |               |         |       |        |        |       |       |      |        
 -1031.971  2993.762    1.973  2995.735     40.00    8.12    1.02  2996.76     .00    2.06     2.85    3.000     .000   .00   0   .0 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-     |-       
      .081    .0999                                         .0057      .00     1.97    1.09     .89    .013       .00   .00  PIPE    
          |         |        |         |         |               |         |       |        |        |       |       |      |        
 -1031.890  2993.770    2.059  2995.829     40.00    7.73     .93  2996.76     .00    2.06     2.78    3.000     .000   .00   0   .0 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-     |-       
  WALL  ENTRANCE                                                                                                             
          |         |        |         |         |               |         |       |        |        |       |       |      |        
 -1031.890  2993.770    3.251  2997.021     40.00    2.96     .14  2997.16     .00    1.76     4.77    5.000     .000   .00   0   .0 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-     |-       
     2.966    .0400                                         .0004      .00     3.25     .31     .94    .013       .00   .00  PIPE    
          |         |        |         |         |               |         |       |        |        |       |       |      |        
 -1028.924  2993.889    3.120  2997.009     40.00    3.10     .15  2997.16     .00    1.76     4.84    5.000     .000   .00   0   .0 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-     |-       
     2.034    .0400                                         .0005      .00     3.12     .34     .94    .013       .00   .00  PIPE    
          |         |        |         |         |               |         |       |        |        |       |       |      |        
 -1026.890  2993.970    3.029  2996.999     40.00    3.21     .16  2997.16     .00    1.76     4.89    5.000     .000   .00   0   .0 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-     |-       



T1 LAT3 UPDATE1 CLIFF SHADOWS & HICKAM                                 0                     
T2       1         2         3         4         5         6         7         8         9 
T3 456789012345678901234567890123456789012345678901234567890123456789012345678901234567890 
SO  -1026.8903001.310  3                          3001.060     
WX  -1026.8903001.310  2 
R   -1000.0003004.000  2      .013                                  .000  00.000 0 
WE  -1000.0003004.000  4   
R    -999.9903004.001  4      .013                                  .000  00.000 0 
SH   -999.9903004.001  4                          3007.301                                      
CD   1  3   0    .000   3.000   10.000  .000  .000   .00                                             
CD   2  4   0    .000   3.000     .000  .000  .000   .00                                             
CD   3  4   0    .000   5.000     .000  .000  .000   .00 
CD   4  1   0    .000   5.000   20.000  .250  .250   .00          
CD   5  4   0    .000   4.000    0.000  .000  .000   .00 
CD   6  3   0    .000   4.000    8.000  .000  .000   .00  
CD   8  3   0    .000   5.000    3.000  .000  .000   .00   
Q            40.000   .0 
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                                Program Package Serial Number: 7204                                      
                                                    WATER SURFACE PROFILE LISTING                    Date: 6-10-2020  Time: 9:38: 7 
                          LAT3 UPDATE1 CLIFF SHADOWS & HICKAM                                 0      
                                  1         2         3         4         5         6         7      
                              4567890123456789012345678901234567890123456789012345678901234567890123 
 ************************************************************************************************************************** ******** 
          | Invert  |  Depth |  Water  |    Q    |  Vel     Vel  |  Energy | Super |Critical|Flow Top|Height/|Base Wt|      |No Wth 
  Station |  Elev   |  (FT)  |  Elev   |  (CFS)  | (FPS)    Head |  Grd.El.|  Elev | Depth  | Width  |Dia.-FT|or I.D.|  ZL  |Prs/Pip 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-    -| 
  L/Elem  |Ch Slope |        |         |         |         SF Ave|    HF   |SE Dpth|Froude N|Norm Dp |  "N"  | X-Fall|  ZR  |Type Ch 
 *********|*********|********|*********|*********|*******|*******|*********|*******|********|********|*******|*******|***** |******* 
          |         |        |         |         |               |         |       |        |        |       |       |      |        
 -1026.890  3001.310     .921  3002.231     40.00   16.10    4.02  3006.25     .00    1.76     3.88    5.000     .000   .00   0   .0 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-     |-       
  WALL  EXIT                                                                                                                 
          |         |        |         |         |               |         |       |        |        |       |       |      |        
 -1026.890  3001.310    1.159  3002.469     40.00   15.87    3.91  3006.38     .00    2.06     2.92    3.000     .000   .00   0   .0 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-     |-       
      .409    .1000                                         .0358      .01     1.16    3.01     .89    .013       .00   .00  PIPE    
          |         |        |         |         |               |         |       |        |        |       |       |      |        
 -1026.481  3001.351    1.162  3002.513     40.00   15.82    3.88  3006.40     .00    2.06     2.92    3.000     .000   .00   0   .0 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-     |-       
     4.672    .1000                                         .0335      .16     1.16    3.00     .89    .013       .00   .00  PIPE    
          |         |        |         |         |               |         |       |        |        |       |       |      |        
 -1021.809  3001.818    1.204  3003.022     40.00   15.08    3.53  3006.55     .00    2.06     2.94    3.000     .000   .00   0   .0 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-     |-       
     3.922    .1000                                         .0294      .12     1.20    2.80     .89    .013       .00   .00  PIPE    
          |         |        |         |         |               |         |       |        |        |       |       |      |        
 -1017.888  3002.211    1.248  3003.459     40.00   14.38    3.21  3006.67     .00    2.06     2.96    3.000     .000   .00   0   .0 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-     |-       
     3.314    .1000                                         .0258      .09     1.25    2.61     .89    .013       .00   .00  PIPE    
          |         |        |         |         |               |         |       |        |        |       |       |      |        
 -1014.574  3002.542    1.294  3003.836     40.00   13.71    2.92  3006.75     .00    2.06     2.97    3.000     .000   .00   0   .0 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-     |-       
     2.811    .1000                                         .0227      .06     1.29    2.44     .89    .013       .00   .00  PIPE    
          |         |        |         |         |               |         |       |        |        |       |       |      |        
 -1011.763  3002.823    1.342  3004.165     40.00   13.07    2.65  3006.82     .00    2.06     2.98    3.000     .000   .00   0   .0 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-     |-       
     2.386    .1000                                         .0199      .05     1.34    2.27     .89    .013       .00   .00  PIPE    
          |         |        |         |         |               |         |       |        |        |       |       |      |        
 -1009.377  3003.062    1.392  3004.454     40.00   12.46    2.41  3006.87     .00    2.06     2.99    3.000     .000   .00   0   .0 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-     |-       
     2.023    .1000                                         .0175      .04     1.39    2.12     .89    .013       .00   .00  PIPE    
          |         |        |         |         |               |         |       |        |        |       |       |      |        
 -1007.353  3003.265    1.444  3004.708     40.00   11.88    2.19  3006.90     .00    2.06     3.00    3.000     .000   .00   0   .0 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-     |-       
     1.708    .1000                                         .0154      .03     1.44    1.98     .89    .013       .00   .00  PIPE    
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                                Program Package Serial Number: 7204                                      
                                                    WATER SURFACE PROFILE LISTING                    Date: 6-10-2020  Time: 9:38: 7 
                          LAT3 UPDATE1 CLIFF SHADOWS & HICKAM                                 0      
                                  1         2         3         4         5         6         7      
                              4567890123456789012345678901234567890123456789012345678901234567890123 
 ************************************************************************************************************************** ******** 
          | Invert  |  Depth |  Water  |    Q    |  Vel     Vel  |  Energy | Super |Critical|Flow Top|Height/|Base Wt|      |No Wth 
  Station |  Elev   |  (FT)  |  Elev   |  (CFS)  | (FPS)    Head |  Grd.El.|  Elev | Depth  | Width  |Dia.-FT|or I.D.|  ZL  |Prs/Pip 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-    -| 
  L/Elem  |Ch Slope |        |         |         |         SF Ave|    HF   |SE Dpth|Froude N|Norm Dp |  "N"  | X-Fall|  ZR  |Type Ch 
 *********|*********|********|*********|*********|*******|*******|*********|*******|********|********|*******|*******|***** |******* 
          |         |        |         |         |               |         |       |        |        |       |       |      |        
 -1005.645  3003.436    1.499  3004.934     40.00   11.33    1.99  3006.93     .00    2.06     3.00    3.000     .000   .00   0   .0 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-     |-       
     1.432    .1000                                         .0136      .02     1.50    1.84     .89    .013       .00   .00  PIPE    
          |         |        |         |         |               |         |       |        |        |       |       |      |        
 -1004.214  3003.579    1.556  3005.135     40.00   10.80    1.81  3006.95     .00    2.06     3.00    3.000     .000   .00   0   .0 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-     |-       
     1.185    .1000                                         .0120      .01     1.56    1.71     .89    .013       .00   .00  PIPE    
          |         |        |         |         |               |         |       |        |        |       |       |      |        
 -1003.029  3003.697    1.617  3005.314     40.00   10.30    1.65  3006.96     .00    2.06     2.99    3.000     .000   .00   0   .0 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-     |-       
      .965    .1000                                         .0106      .01     1.62    1.59     .89    .013       .00   .00  PIPE    
          |         |        |         |         |               |         |       |        |        |       |       |      |        
 -1002.064  3003.794    1.680  3005.474     40.00    9.82    1.50  3006.97     .00    2.06     2.98    3.000     .000   .00   0   .0 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-     |-       
      .762    .1000                                         .0093      .01     1.68    1.48     .89    .013       .00   .00  PIPE    
          |         |        |         |         |               |         |       |        |        |       |       |      |        
 -1001.301  3003.870    1.747  3005.617     40.00    9.36    1.36  3006.98     .00    2.06     2.96    3.000     .000   .00   0   .0 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-     |-       
      .577    .1000                                         .0082      .00     1.75    1.37     .89    .013       .00   .00  PIPE    
          |         |        |         |         |               |         |       |        |        |       |       |      |        
 -1000.724  3003.927    1.818  3005.745     40.00    8.93    1.24  3006.98     .00    2.06     2.93    3.000     .000   .00   0   .0 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-     |-       
      .405    .1000                                         .0073      .00     1.82    1.27     .89    .013       .00   .00  PIPE    
          |         |        |         |         |               |         |       |        |        |       |       |      |        
 -1000.320  3003.968    1.893  3005.861     40.00    8.51    1.13  3006.99     .00    2.06     2.90    3.000     .000   .00   0   .0 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-     |-       
      .239    .1000                                         .0065      .00     1.89    1.18     .89    .013       .00   .00  PIPE    
          |         |        |         |         |               |         |       |        |        |       |       |      |        
 -1000.081  3003.992    1.973  3005.965     40.00    8.12    1.02  3006.99     .00    2.06     2.85    3.000     .000   .00   0   .0 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-     |-       
      .081    .1000                                         .0057      .00     1.97    1.09     .89    .013       .00   .00  PIPE    
          |         |        |         |         |               |         |       |        |        |       |       |      |        
 -1000.000  3004.000    2.059  3006.059     40.00    7.73     .93  3006.99     .00    2.06     2.78    3.000     .000   .00   0   .0 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-     |-       
  WALL  ENTRANCE                                                                                                             
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                                Program Package Serial Number: 7204                                      
                                                    WATER SURFACE PROFILE LISTING                    Date: 6-10-2020  Time: 9:38: 7 
                          LAT3 UPDATE1 CLIFF SHADOWS & HICKAM                                 0      
                                  1         2         3         4         5         6         7      
                              4567890123456789012345678901234567890123456789012345678901234567890123 
 ************************************************************************************************************************** ******** 
          | Invert  |  Depth |  Water  |    Q    |  Vel     Vel  |  Energy | Super |Critical|Flow Top|Height/|Base Wt|      |No Wth 
  Station |  Elev   |  (FT)  |  Elev   |  (CFS)  | (FPS)    Head |  Grd.El.|  Elev | Depth  | Width  |Dia.-FT|or I.D.|  ZL  |Prs/Pip 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-    -| 
  L/Elem  |Ch Slope |        |         |         |         SF Ave|    HF   |SE Dpth|Froude N|Norm Dp |  "N"  | X-Fall|  ZR  |Type Ch 
 *********|*********|********|*********|*********|*******|*******|*********|*******|********|********|*******|*******|***** |******* 
          |         |        |         |         |               |         |       |        |        |       |       |      |        
 -1000.000  3004.000    3.514  3007.514     40.00     .55     .00  3007.52     .00     .50    21.76    5.000   20.000   .25   0   .0 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-     |-       
      .010    .0976                                         .0000      .00     3.51     .05     .18    .013       .00   .25  TRAP    
          |         |        |         |         |               |         |       |        |        |       |       |      |        
  -999.990  3004.001    3.513  3007.514     40.00     .55     .00  3007.52     .00     .50    21.76    5.000   20.000   .25   0   .0 
         -|-       -|-      -|-       -|-       -|-     -|-     -|-       -|-     -|-      -|-      -|-     -|-     -|-     |-       
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APN 137-01-301-024 
 

April 2020 



CITY OF LAS VEGAS 
INTER-OFFICE MEMORANDUM 

DATE: 
 
May 20, 2020 

TO: FROM: 
Land Development Services Jennifer Shinn, P.E. 
Department of Building & Safety Flood Control, Engr. Associate 
 Department of Public Works 
SUBJECT: Drainage Study for: COPIES TO: 

Cliff Shadows & Hickam Triton Engineering 
Cross Streets: Cliff Shadows Pkwy and Hickam Ave DR Horton 
File Number: F:\Depot\DSMemos\DS5270A.doc Bart Anderson, P.E., DevCo 
Parcel Number: 137-01-301-024  
Zoning Action: TMP-78025; SDR-78024  
FEMA Flood Zone YES  NO X  
Proposed Storm Drain YES X NO   

 
HISTORY DATE 

RECEIVED 
DATE 

REVIEWED 
COMMENTS REVIEW 

FEES 
FEES PAID 

Payment Trn # 
1st Submittal 4/16/2020 & 

5/20/2020 
5/12/2020 & 
5/20/2020 

See Comments Below $400.00 3821275: $400 

   TOTAL FEES (LDDRS): $400.00 ---- 

REMARKS: 
The Drainage Study for the subject project has been reviewed and: 

X is approved subject to conformance to all City standards and the following conditions: 
 must be resubmitted or supplemented including the following: 
 is conditionally approved subject to Clark County Regional Flood Control District 

concurrence. 
 
1. Label Document Number or Book and Page Number for all existing easements on the grading plan. 
2. Revise the riprap sections called out on the Grading Plans. The d50 shall reflect the minimum sizes 

as calculated. Also provide the required thicknesses. 
3. Provide adequate bedding for the rip-rap channel as outlined in Section 705.4.3 of the CCRFCD’s 

Hydrologic Criteria and Drainage Design Manual. 
4. Landscape areas are not allowed to drain over the sidewalk.  Provide flow lines with grades and 

sidewalk under drains for all landscape areas draining to the street (e.g. Common Element B). 
Revise all pertinent details accordingly. 

5. The engineer must provide a table on the grading plans that shows a quantity estimate of all drainage 
improvements within Public Drainage Easements.  All drainage improvements within Public Drainage 
Easements must be bonded and inspected. 

6. Reflect the existing wall on Section Detail L/4. 
7. Reference CCAUSD Drawing 425.S1 for fences along public drainage easements. Revise callout 

and details accordingly. 
 

In an effort to increase administrative efficiency, for all original and re-submittal packages including updates and the addenda, the 
City of Las Vegas Public Works Department requires both a hardcopy and a digital copy (PDF) on CD for the drainage study.  

A letter sealed and signed by a Nevada registered civil engineer must be included in every submittal certifying documents on the 
electronic CD matches 100% of the hardcopy submittal. The new submittal requirement is effective on May 1, 2019. If there are any 
questions regarding these new requirements, please contact Albert Sung in the City Flood Control Section at (702) 229-6541. 
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Sample Letter to 
certify CD.pdf

 

NOTE: Any future changes to the proposed design (or design assumptions) as outlined in the approved 
drainage study and attached preliminary grading plan which affect drainage must be addressed 
in a Drainage Study Update and accepted by the City of Las Vegas Flood Control Section.  
Additionally, conditional acceptance of a drainage study is valid for a period of one (1) year.  If 
the proposed construction has not been completed in that time period, the City of Las Vegas 
reserves the right to require additional conditions and/or submission and acceptance of a 
complete drainage study update prior to further construction of a project. 

 
NOTE: Please be advised that all land surface area disturbances over 1 acre or any area adjacent to a 

water way must submit to the Nevada Division of Environmental Protection a "Notice of Intent" 
to discharge that certifies a stormwater pollution prevention plan has been developed and is 
maintained on site; for inclusion in the Stormwater General Permit No. NVR100000.  A phased 
construction unit in a contiguous subdivision is considered under construction until all stripped 
or disturbed surface areas have been covered by paving, building construction or planting.  For 
more information, including forms and applications see http://ndep.nv.gov/bwpc/storm01.htm or 
call (775) 687-9429. 

 
 

END OF REMARKS T/R/S: T20S/R59E/01 
jks AREA K-01 
 

http://ndep.nv.gov/bwpc/storm01.htm






 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

PLANS & DETAILS 














