














 

Addendum #1 to the  

Technical Drainage Study for 

Crystal Park Apartments 

Las Vegas, Nevada 

 

 
W.O. # 7844 

Prepared for:                                                Submitted to: 

EAB Investment Company              City of Las Vegas 

3065 N Rancho #130                    Department of Public Works 

Las Vegas, NV 89113              731 South Fourth Street 
               Las Vegas, NV 89101 





 
 
 

 
Draft Revised 5-2013 - 1 -  

 
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. 
 
  

 
REFERENCE: STANDARD FORM 2 
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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). 

 
 
 
 
 
 

 

REFERENCE: STANDARD FORM 2 
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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). 
 
 

 
REFERENCE: STANDARD FORM 2 
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APPENDIX A 

FIGURES AND EXHIBITS 
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APPENDIX B 

HYDROLOGIC  

CALCULATIONS 

 

 

 

 

 



10 YEAR  

EXISTING CONDITION 

HEC-1 ANALYSIS 



7844-EXI10.OUT
1*****************************************                                                   ***************************************
 *                                       *                                                   *                                     *
 *   FLOOD HYDROGRAPH PACKAGE  (HEC-1)   *                                                   *    U.S. ARMY CORPS OF ENGINEERS     *
 *               JUN   1998              *                                                   *    HYDROLOGIC ENGINEERING CENTER    *
 *            VERSION 4.1                *                                                   *          609 SECOND STREET          *
 *                                       *                                                   *       DAVIS, CALIFORNIA 95616       *
 *  RUN DATE   30OCT17  TIME  13:46:20   *                                                   *           (916) 756-1104            *
 *                                       *                                                   *                                     *
 *****************************************                                                   ***************************************

                                                 X     X  XXXXXXX   XXXXX           X 
                                                 X     X  X        X     X         XX 
                                                 X     X  X        X                X 
                                                 XXXXXXX  XXXX     X        XXXXX   X 
                                                 X     X  X        X                X 
                                                 X     X  X        X     X          X 
                                                 X     X  XXXXXXX   XXXXX          XXX

            THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HEC1 (JAN 73), HEC1GS, HEC1DB, AND HEC1KW.

            THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE.
            THE DEFINITION OF -AMSKK- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE FORTRAN77 VERSION
            NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY,
            DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL   LOSS RATE:GREEN AND AMPT INFILTRATION
            KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM

1                                                       HEC-1 INPUT                                             PAGE  1

           LINE           ID.......1.......2.......3.......4.......5.......6.......7.......8.......9......10

                          *DIAGRAM                                                                        
              1           ID   CRYSTAL PARK APARTMENTS - TECHNICAL DRAINAGE STUDY                           
              2           ID   EXISTING CONDITION                                                           
              3           ID   FILE: 7844-EXI10.DAT                                                         
              4           ID   09/05/17                                                                     
              5           ID   10YR STORM EVENT                                                             
              6           IT       5     0     300                                                          
              7           IN       5     0                                                                  
              8           IO       5     0                                                                  
              9           JR    PREC     .57                                                                
                          *                                                                               
 
             10           KK   OFFE1                                                                        
             11           KM   BASEFLOW IS FLOW SPLITTING INTO 20' ALLEY FROM MICHAEL                       
             12           BA   0.002                                                                        
             13           PC    .000    .020    .057    .070    .087    .108    .124    .130    .130    .130
             14           PC    .130    .130    .130    .133    .140    .142    .148    .158    .172    .181
             15           PC    .190    .197    .199    .200    .201    .204    .214    .229    .241    .249
             16           PC    .251    .256    .270    .278    .281    .283    .295    .322    .352    .409
             17           PC    .499    .590    .710    .744    .781    .812    .819    .835    .851    .856
             18           PC    .860    .868    .876    .888    .910    .926    .937    .950    .970    .976
             19           PC    .982    .985    .987    .989    .990    .993    .993    .994    .995    .998
             20           PC    .998    .999    1.00                                                        
             21           PB   2.77                                                                         
             22           LS            94.0                                                                
             23           UD   .064                                                                         
                          *                                                                               
 
             24           KK   CPA                                                                          
             25           KM   COMBINES FLOW SPLIT AND OFFE1                                                
             26           BF       8                                                                        
                          *                                                                               
 
             27           KK   ONE1                                                                         
             28           BF       0                                                                        
             29           BA   .0047                                                                        
             30           LS            92.0                                                                
             31           UD   .108                                                                         
                          *                                                                               
 
             32           KK   ONE2                                                                         
             33           BA   .0101                                                                        
             34           LS            91.0                                                                
             35           UD   .100                                                                         
                          *                                                                               
 
             36           KK   CPE4                                                                         
             37           KM   COMBINE BASINS ONE1 AND ONE2                                                 
             38           HC       2                                                                        
                          *                                                                               
1                                                       HEC-1 INPUT                                             PAGE  2

           LINE           ID.......1.......2.......3.......4.......5.......6.......7.......8.......9......10

 
             39           KK   ONE3                                                                         
             40           KM   WEST PORTION OF SITE DISCHARGING WESTERLY ONTO MICHAEL WAY                   
             41           BA   .0008                                                                        
             42           LS            94.0                                                                
             43           UD   .100                                                                         
                          *                                                                               
             44           ZZ                                                                                
1
                 SCHEMATIC DIAGRAM OF STREAM NETWORK
 INPUT
  LINE      (V) ROUTING          (--->) DIVERSION OR PUMP FLOW

   NO.      (.) CONNECTOR        (<---) RETURN OF DIVERTED OR PUMPED FLOW
Page 1



7844-EXI10.OUT

    10       OFFE1
                 .
                 .
    24           .       CPA  
                 .           .
                 .           .
    27           .           .       ONE1 
                 .           .           .
                 .           .           .
    32           .           .           .       ONE2 
                 .           .           .           .
                 .           .           .           .
    36           .           .       CPE4 ............
                 .           .           .
                 .           .           .
    39           .           .           .       ONE3 

 (***) RUNOFF ALSO COMPUTED AT THIS LOCATION
1*****************************************                                                   ***************************************
 *                                       *                                                   *                                     *
 *   FLOOD HYDROGRAPH PACKAGE  (HEC-1)   *                                                   *    U.S. ARMY CORPS OF ENGINEERS     *
 *               JUN   1998              *                                                   *    HYDROLOGIC ENGINEERING CENTER    *
 *            VERSION 4.1                *                                                   *          609 SECOND STREET          *
 *                                       *                                                   *       DAVIS, CALIFORNIA 95616       *
 *  RUN DATE   30OCT17  TIME  13:46:20   *                                                   *           (916) 756-1104            *
 *                                       *                                                   *                                     *
 *****************************************                                                   ***************************************

                            CRYSTAL PARK APARTMENTS - TECHNICAL DRAINAGE STUDY                           
                            EXISTING CONDITION                                                           
                            FILE: 7844-EXI10.DAT                                                         
                            09/05/17                                                                     
                            10YR STORM EVENT                                                             

    8 IO          OUTPUT CONTROL VARIABLES
                        IPRNT           5  PRINT CONTROL
                        IPLOT           0  PLOT CONTROL
                        QSCAL          0.  HYDROGRAPH PLOT SCALE

      IT          HYDROGRAPH TIME DATA
                         NMIN           5  MINUTES IN COMPUTATION INTERVAL
                        IDATE      1  0 0  STARTING DATE
                        ITIME        1200  STARTING TIME
                           NQ         101  NUMBER OF HYDROGRAPH ORDINATES
                       NDDATE     13    0  ENDING DATE
                       NDTIME        2020  ENDING TIME
                       ICENT           19  CENTURY MARK

                    COMPUTATION INTERVAL     .08 HOURS
                         TOTAL TIME BASE    8.33 HOURS

           ENGLISH UNITS
                DRAINAGE AREA         SQUARE MILES
                PRECIPITATION DEPTH   INCHES
                LENGTH, ELEVATION     FEET
                FLOW                  CUBIC FEET PER SECOND
                STORAGE VOLUME        ACRE-FEET
                SURFACE AREA          ACRES
                TEMPERATURE           DEGREES FAHRENHEIT

      JP          MULTI-PLAN OPTION
                        NPLAN           1  NUMBER OF PLANS

      JR          MULTI-RATIO OPTION
                      RATIOS OF PRECIPITATION
                      .57
1

                PEAK FLOW AND STAGE (END-OF-PERIOD) SUMMARY FOR MULTIPLE PLAN-RATIO ECONOMIC COMPUTATIONS
                                  FLOWS IN CUBIC FEET PER SECOND,  AREA IN SQUARE MILES
                                                  TIME TO PEAK IN HOURS

                                                           RATIOS APPLIED TO PRECIPITATION
 OPERATION       STATION     AREA    PLAN            RATIO 1
                                                         .57

 HYDROGRAPH AT
+                  OFFE1       .00     1   FLOW           2.
                                           TIME         3.50

 HYDROGRAPH AT
+                  CPA         .00     1   FLOW          10.
                                           TIME         3.50

 HYDROGRAPH AT
+                  ONE1        .00     1   FLOW           4.
                                           TIME         3.50

 HYDROGRAPH AT
+                  ONE2        .01     1   FLOW           7.
                                           TIME         3.50

  2 COMBINED AT
+                  CPE4        .01     1   FLOW          11.
                                           TIME         3.50

 HYDROGRAPH AT
+                  ONE3        .00     1   FLOW           1.
                                           TIME         3.50

Page 2



7844-EXI10.OUT

 *** NORMAL END OF HEC-1 ***
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100 YEAR  

EXISTING CONDITION 

HEC-1 ANALYSIS 



7844-EXI100.OUT
1*****************************************                                                   ***************************************
 *                                       *                                                   *                                     *
 *   FLOOD HYDROGRAPH PACKAGE  (HEC-1)   *                                                   *    U.S. ARMY CORPS OF ENGINEERS     *
 *               JUN   1998              *                                                   *    HYDROLOGIC ENGINEERING CENTER    *
 *            VERSION 4.1                *                                                   *          609 SECOND STREET          *
 *                                       *                                                   *       DAVIS, CALIFORNIA 95616       *
 *  RUN DATE   30OCT17  TIME  13:46:22   *                                                   *           (916) 756-1104            *
 *                                       *                                                   *                                     *
 *****************************************                                                   ***************************************

                                                 X     X  XXXXXXX   XXXXX           X 
                                                 X     X  X        X     X         XX 
                                                 X     X  X        X                X 
                                                 XXXXXXX  XXXX     X        XXXXX   X 
                                                 X     X  X        X                X 
                                                 X     X  X        X     X          X 
                                                 X     X  XXXXXXX   XXXXX          XXX

            THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HEC1 (JAN 73), HEC1GS, HEC1DB, AND HEC1KW.

            THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE.
            THE DEFINITION OF -AMSKK- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE FORTRAN77 VERSION
            NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY,
            DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL   LOSS RATE:GREEN AND AMPT INFILTRATION
            KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM

1                                                       HEC-1 INPUT                                             PAGE  1

           LINE           ID.......1.......2.......3.......4.......5.......6.......7.......8.......9......10

                          *DIAGRAM                                                                        
              1           ID   CRYSTAL PARK APARTMENTS - TECHNICAL DRAINAGE STUDY                           
              2           ID   EXISTING CONDITION                                                           
              3           ID   FILE: 7844-EXI100.DAT                                                        
              4           ID   09/05/17                                                                     
              5           ID   100YR STORM EVENT                                                            
              6           IT       5     0     300                                                          
              7           IN       5     0                                                                  
              8           IO       5     0                                                                  
              9           JR    PREC  1.00                                                                  
                          *                                                                               
 
             10           KK   OFFE1                                                                        
             11           KM   BASEFLOW IS FLOW SPLITTING INTO 20' ALLEY FROM MICHAEL                       
             12           BA   0.002                                                                        
             13           PC    .000    .020    .057    .070    .087    .108    .124    .130    .130    .130
             14           PC    .130    .130    .130    .133    .140    .142    .148    .158    .172    .181
             15           PC    .190    .197    .199    .200    .201    .204    .214    .229    .241    .249
             16           PC    .251    .256    .270    .278    .281    .283    .295    .322    .352    .409
             17           PC    .499    .590    .710    .744    .781    .812    .819    .835    .851    .856
             18           PC    .860    .868    .876    .888    .910    .926    .937    .950    .970    .976
             19           PC    .982    .985    .987    .989    .990    .993    .993    .994    .995    .998
             20           PC    .998    .999    1.00                                                        
             21           PB   2.77                                                                         
             22           LS            94.0                                                                
             23           UD   .064                                                                         
                          *                                                                               
 
             24           KK   CPA                                                                          
             25           KM   COMBINES FLOW SPLIT AND OFFE1                                                
             26           BF      53                                                                        
                          *                                                                               
 
             27           KK   ONE1                                                                         
             28           BF       0                                                                        
             29           BA   .0047                                                                        
             30           LS            92.0                                                                
             31           UD   .108                                                                         
                          *                                                                               
 
             32           KK   ONE2                                                                         
             33           BA   .0101                                                                        
             34           LS            91.0                                                                
             35           UD   .100                                                                         
                          *                                                                               
 
             36           KK   CPE4                                                                         
             37           KM   COMBINE BASINS ONE1 AND ONE2                                                 
             38           HC       2                                                                        
                          *                                                                               
1                                                       HEC-1 INPUT                                             PAGE  2

           LINE           ID.......1.......2.......3.......4.......5.......6.......7.......8.......9......10

 
             39           KK   ONE3                                                                         
             40           KM   WEST PORTION OF SITE DISCHARGING WESTERLY ONTO MICHAEL WAY                   
             41           BA   .0008                                                                        
             42           LS            94.0                                                                
             43           UD   .100                                                                         
                          *                                                                               
             44           ZZ                                                                                
1
                 SCHEMATIC DIAGRAM OF STREAM NETWORK
 INPUT
  LINE      (V) ROUTING          (--->) DIVERSION OR PUMP FLOW

   NO.      (.) CONNECTOR        (<---) RETURN OF DIVERTED OR PUMPED FLOW
Page 1



7844-EXI100.OUT

    10       OFFE1
                 .
                 .
    24           .       CPA  
                 .           .
                 .           .
    27           .           .       ONE1 
                 .           .           .
                 .           .           .
    32           .           .           .       ONE2 
                 .           .           .           .
                 .           .           .           .
    36           .           .       CPE4 ............
                 .           .           .
                 .           .           .
    39           .           .           .       ONE3 

 (***) RUNOFF ALSO COMPUTED AT THIS LOCATION
1*****************************************                                                   ***************************************
 *                                       *                                                   *                                     *
 *   FLOOD HYDROGRAPH PACKAGE  (HEC-1)   *                                                   *    U.S. ARMY CORPS OF ENGINEERS     *
 *               JUN   1998              *                                                   *    HYDROLOGIC ENGINEERING CENTER    *
 *            VERSION 4.1                *                                                   *          609 SECOND STREET          *
 *                                       *                                                   *       DAVIS, CALIFORNIA 95616       *
 *  RUN DATE   30OCT17  TIME  13:46:22   *                                                   *           (916) 756-1104            *
 *                                       *                                                   *                                     *
 *****************************************                                                   ***************************************

                            CRYSTAL PARK APARTMENTS - TECHNICAL DRAINAGE STUDY                           
                            EXISTING CONDITION                                                           
                            FILE: 7844-EXI100.DAT                                                        
                            09/05/17                                                                     
                            100YR STORM EVENT                                                            

    8 IO          OUTPUT CONTROL VARIABLES
                        IPRNT           5  PRINT CONTROL
                        IPLOT           0  PLOT CONTROL
                        QSCAL          0.  HYDROGRAPH PLOT SCALE

      IT          HYDROGRAPH TIME DATA
                         NMIN           5  MINUTES IN COMPUTATION INTERVAL
                        IDATE      1  0 0  STARTING DATE
                        ITIME        1200  STARTING TIME
                           NQ         101  NUMBER OF HYDROGRAPH ORDINATES
                       NDDATE     13    0  ENDING DATE
                       NDTIME        2020  ENDING TIME
                       ICENT           19  CENTURY MARK

                    COMPUTATION INTERVAL     .08 HOURS
                         TOTAL TIME BASE    8.33 HOURS

           ENGLISH UNITS
                DRAINAGE AREA         SQUARE MILES
                PRECIPITATION DEPTH   INCHES
                LENGTH, ELEVATION     FEET
                FLOW                  CUBIC FEET PER SECOND
                STORAGE VOLUME        ACRE-FEET
                SURFACE AREA          ACRES
                TEMPERATURE           DEGREES FAHRENHEIT

      JP          MULTI-PLAN OPTION
                        NPLAN           1  NUMBER OF PLANS

      JR          MULTI-RATIO OPTION
                      RATIOS OF PRECIPITATION
                     1.00
1

                PEAK FLOW AND STAGE (END-OF-PERIOD) SUMMARY FOR MULTIPLE PLAN-RATIO ECONOMIC COMPUTATIONS
                                  FLOWS IN CUBIC FEET PER SECOND,  AREA IN SQUARE MILES
                                                  TIME TO PEAK IN HOURS

                                                           RATIOS APPLIED TO PRECIPITATION
 OPERATION       STATION     AREA    PLAN            RATIO 1
                                                        1.00

 HYDROGRAPH AT
+                  OFFE1       .00     1   FLOW           4.
                                           TIME         3.50

 HYDROGRAPH AT
+                  CPA         .00     1   FLOW          57.
                                           TIME         3.50

 HYDROGRAPH AT
+                  ONE1        .00     1   FLOW           8.
                                           TIME         3.50

 HYDROGRAPH AT
+                  ONE2        .01     1   FLOW          17.
                                           TIME         3.50

  2 COMBINED AT
+                  CPE4        .01     1   FLOW          24.
                                           TIME         3.50

 HYDROGRAPH AT
+                  ONE3        .00     1   FLOW           1.
                                           TIME         3.50

Page 2



7844-EXI100.OUT

 *** NORMAL END OF HEC-1 ***
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APPENDIX C 

HYDRAULIC CALCULATIONS 



 

 

 

 

 

 

 

 

 

INTERPOLATED WSEL 





 

 

 

 

 

 

 

 

 

 

A-CURB WEIR OPENING 

 

 





  

 

NORMAL DEPTH STREET 



Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Channel Slope 1.2 %

Discharge 12 ft³/s

Section Definitions

Station (ft) Elevation (ft)

0+00.00 2.00

0+00.00 0.60

0+05.00 0.50

0+06.00 0.50

0+06.00 0.00

0+07.00 0.13

0+07.00 0.17

0+40.00 0.83

0+73.00 0.17

0+73.00 0.13

0+75.00 0.00

0+75.00 0.50

0+75.00 0.50

0+80.00 0.60

0+80.00 2.00

Roughness Segment Definitions

Start Station Ending Station Roughness Coefficient

(0+00.00, 2.00) (0+07.00, 0.13) 0.013

(0+07.00, 0.13) (0+73.00, 0.13) 0.016

(0+73.00, 0.13) (0+80.00, 2.00) 0.013

Options

Current Roughness Weighted 
Method

Pavlovskii's Method

Worksheet for A-A Michael Way 10

11/28/2017 9:06:55 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



Options

Open Channel Weighting Method Pavlovskii's Method

Closed Channel Weighting Method Pavlovskii's Method

Results

Normal Depth 0.42 ft

Elevation Range 0.00 to 2.00 ft

Flow Area 4.18 ft²

Wetted Perimeter 28.91 ft

Hydraulic Radius 0.14 ft

Top Width 27.97 ft

Normal Depth 0.42 ft

Critical Depth 0.45 ft

Critical Slope 0.00676 ft/ft

Velocity 2.87 ft/s

Velocity Head 0.13 ft

Specific Energy 0.55 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 0.42 ft

Critical Depth 0.45 ft

Channel Slope 1.2 %

Critical Slope 0.00676 ft/ft

Worksheet for A-A Michael Way 10

11/28/2017 9:06:55 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 Normal Depth

Input Data

Channel Slope 1.2 %

Normal Depth 0.42 ft

Discharge 12 ft³/s

Cross Section Image

Cross Section for A-A Michael Way 10

11/28/2017 8:56:04 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 0.4 %

Discharge 7 ft³/s

Section Definitions

Station (ft) Elevation (ft)

0+00.00 2.00

0+00.00 0.60

0+05.00 0.50

0+06.00 0.50

0+06.00 0.00

0+07.00 0.13

0+07.00 0.17

0+40.00 0.83

0+73.00 0.17

0+73.00 0.13

0+75.00 0.00

0+75.00 0.50

0+75.00 0.50

0+80.00 0.60

0+80.00 2.00

Roughness Segment Definitions

Start Station Ending Station Roughness Coefficient

(0+00.00, 2.00) (0+07.00, 0.13) 0.013

(0+07.00, 0.13) (0+73.00, 0.13) 0.016

(0+73.00, 0.13) (0+80.00, 2.00) 0.013

Options

Current Roughness Weighted 
Method

Pavlovskii's Method

Worksheet for B-B Michael Way 10

11/28/2017 9:07:13 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



Options

Open Channel Weighting Method Pavlovskii's Method

Closed Channel Weighting Method Pavlovskii's Method

Results

Normal Depth 0.42 ft

Elevation Range 0.00 to 2.00 ft

Flow Area 4.14 ft²

Wetted Perimeter 28.75 ft

Hydraulic Radius 0.14 ft

Top Width 27.81 ft

Normal Depth 0.42 ft

Critical Depth 0.39 ft

Critical Slope 0.00727 ft/ft

Velocity 1.69 ft/s

Velocity Head 0.04 ft

Specific Energy 0.46 ft

Froude Number 0.77

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 0.42 ft

Critical Depth 0.39 ft

Channel Slope 0.4 %

Critical Slope 0.00727 ft/ft

Worksheet for B-B Michael Way 10

11/28/2017 9:07:13 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 Normal Depth

Input Data

Channel Slope 0.4 %

Normal Depth 0.42 ft

Discharge 7 ft³/s

Cross Section Image

Cross Section for B-B Michael Way 10

11/28/2017 9:07:30 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



 

 

DROP INLET CALCULATION  



Project: Crystal Park Apartments

Work Order no.: 7844

Calculated By: ACY

Date: Nov-17

Inlet ID: 6 RT

Drainage Condition: Developed/Ultimate 10-Year Storm

Flow Summary: Bypass (3.9cfs) + Mossman (11cfs) + OFFE4 (0.5 cfs)

Inlet Description: 12.5' Type C Modified

Input: Variable: Input:

Street Flow (cfs) Q 15.4

Longitudinal Slope (ft/ft) So 0.005

Manning's Coefficient n 0.016

Street Flow Velocity (fps) V 2.47

Street Flow Depth (ft) D 0.61

Street Cross Slope (ft/ft) Sx 0.02

Grate Width (ft) W 1.5

Grate Depression (in) Dg 2

Length of Grate (ft) Lg 10

Length of Curb Opening (ft) Lc 12

Clogging Factor - Grate (%) CFg 50%

Clogging Factor - Curb (%) CFc 50%

Effective Grate Length (ft) Lge 5

Effective Curb Opening Lenth (ft) Lce 6

Output (Grate): Equation: Output (Grate):

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

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

2
+sy*Lge

3
; where p=0.30, q=4.85, r=1.31, 

sy=0.15 (vane grate)
10.55

E - grate Flow Ratio Qw/Qs 0.21

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

] 2.62

Qs - Side Flow (cfs) Q-Qw 12.75

T - Side Flow Spread (ft) (D-Dg)/Sx 22.17

Rs - Side Flow Factor 1/(1+(0.15*V
1.8

)/(Sx*Lge
2.3

)) 0.51

Qgi - Intercepted Flow (cfs) (Rf*E+Rs*(1-E))*Q 9.5

Output (Curb): Equation: Output (Curb):

Se - Equivalent Cross Slope (ft/ft) Sx+Sg*E 0.04

Qsx - Remaining Flow After Grate 

Interception (cfs)
Q-Qgi 5.93

Sg - Gutter Cross Slope (ft/ft) Dg/W 0.11

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

*So
0.30

*[1/(n*Se)]
0.6

20.45

Qci - Intercepted Flow (cfs) (1-(1-Lce/Lt)
1.8

)*Qsx or Qsx if Lt<Lce 2.8

Output (Combination): Equation: Output (Combination): 

Total Intercepted Flow (cfs) Intercepted (Grate) + Intercepted (Curb) 12.2

Bypass Flow (cfs) Street Flow - Total Intercepted Flow 3.2

Drop Inlet Interception

Equations referenced from CCRFCD HCDDM and FHWA HEC-22



Project: Crystal Park Apartments

Work Order no.: 7844

Calculated By: ACY

Date: Nov-17

Inlet ID: 5 LT

Drainage Condition: Developed/Ultimate 10-Year Storm

Flow Summary: Bypass (3.1cfs) + 1/2 OFFE4 (0.5cfs)

Inlet Description: None

Input: Variable: Input:

Street Flow (cfs) Q 3.6

Longitudinal Slope (ft/ft) So 0.005

Manning's Coefficient n 0.016

Street Flow Velocity (fps) V 1.76

Street Flow Depth (ft) D 0.38

Street Cross Slope (ft/ft) Sx 0.02

Grate Width (ft) W 1.5

Grate Depression (in) Dg 2

Length of Grate (ft) Lg 2.5

Length of Curb Opening (ft) Lc 4.5

Clogging Factor - Grate (%) CFg 50%

Clogging Factor - Curb (%) CFc 50%

Effective Grate Length (ft) Lge 1.25

Effective Curb Opening Lenth (ft) Lce 2.25

Output (Grate): Equation: Output (Grate):

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

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

2
+sy*Lge

3
; where p=0.30, q=4.85, r=1.31, 

sy=0.15 (vane grate)
4.61

E - grate Flow Ratio Qw/Qs 0.50

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

] 1.19

Qs - Side Flow (cfs) Q-Qw 2.39

T - Side Flow Spread (ft) (D-Dg)/Sx 10.67

Rs - Side Flow Factor 1/(1+(0.15*V
1.8

)/(Sx*Lge
2.3

)) 0.07

Qgi - Intercepted Flow (cfs) (Rf*E+Rs*(1-E))*Q 1.9

Output (Curb): Equation: Output (Curb):

Se - Equivalent Cross Slope (ft/ft) Sx+Sg*E 0.08

Qsx - Remaining Flow After Grate 

Interception (cfs)
Q-Qgi 1.66

Sg - Gutter Cross Slope (ft/ft) Dg/W 0.11

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

*So
0.30

*[1/(n*Se)]
0.6

8.54

Qci - Intercepted Flow (cfs) (1-(1-Lce/Lt)
1.8

)*Qsx or Qsx if Lt<Lce 0.7

Output (Combination): Equation: Output (Combination): 

Total Intercepted Flow (cfs) Intercepted (Grate) + Intercepted (Curb) 2.6

Bypass Flow (cfs) Street Flow - Total Intercepted Flow 1.0

Drop Inlet Interception

Equations referenced from CCRFCD HCDDM and FHWA HEC-22



Project: Crystal Park Apartments

Work Order no.: 7844

Calculated By: ACY

Date: Nov-17

Inlet ID: 4 Mossman Ave RT

Drainage Condition: Developed/Ultimate 10-Year Storm

Flow Summary: Bypass (6cfs) + Mare (25cfs) + 1/2 OFFE3 (0.5cfs)

Inlet Description: 17.5' Type C Modified

Input: Variable: Input:

Street Flow (cfs) Q 31.5

Longitudinal Slope (ft/ft) So 0.004

Manning's Coefficient n 0.016

Street Flow Velocity (fps) V 2.77

Street Flow Depth (ft) D 0.76

Street Cross Slope (ft/ft) Sx 0.02

Grate Width (ft) W 1.5

Grate Depression (in) Dg 2

Length of Grate (ft) Lg 15

Length of Curb Opening (ft) Lc 17

Clogging Factor - Grate (%) CFg 50%

Clogging Factor - Curb (%) CFc 50%

Effective Grate Length (ft) Lge 7.5

Effective Curb Opening Lenth (ft) Lce 8.5

Output (Grate): Equation: Output (Grate):

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

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

2
+sy*Lge

3
; where p=0.30, q=4.85, r=1.31, 

sy=0.15 (vane grate)
26.27

E - grate Flow Ratio Qw/Qs 0.15

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

] 4.07

Qs - Side Flow (cfs) Q-Qw 27.41

T - Side Flow Spread (ft) (D-Dg)/Sx 29.67

Rs - Side Flow Factor 1/(1+(0.15*V
1.8

)/(Sx*Lge
2.3

)) 0.69

Qgi - Intercepted Flow (cfs) (Rf*E+Rs*(1-E))*Q 23.1

Output (Curb): Equation: Output (Curb):

Se - Equivalent Cross Slope (ft/ft) Sx+Sg*E 0.04

Qsx - Remaining Flow After Grate 

Interception (cfs)
Q-Qgi 8.39

Sg - Gutter Cross Slope (ft/ft) Dg/W 0.11

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

*So
0.30

*[1/(n*Se)]
0.6

24.37

Qci - Intercepted Flow (cfs) (1-(1-Lce/Lt)
1.8

)*Qsx or Qsx if Lt<Lce 4.5

Output (Combination): Equation: Output (Combination): 

Total Intercepted Flow (cfs) Intercepted (Grate) + Intercepted (Curb) 27.6

Bypass Flow (cfs) Street Flow - Total Intercepted Flow 3.9

Drop Inlet Interception

Equations referenced from CCRFCD HCDDM and FHWA HEC-22



Project: Crystal Park Apartments

Work Order no.: 7844

Calculated By: ACY

Date: Nov-17

Inlet ID: 3 Mossman Ave LT

Drainage Condition: Developed/Ultimate 10-Year Storm

Flow Summary: Bypass (6cfs) + 1/2 OFFE3 = 6.5 cfs

Inlet Description: 5' Type C Modified

Input: Variable: Input:

Street Flow (cfs) Q 6.5

Longitudinal Slope (ft/ft) So 0.004

Manning's Coefficient n 0.016

Street Flow Velocity (fps) V 1.9

Street Flow Depth (ft) D 0.48

Street Cross Slope (ft/ft) Sx 0.02

Grate Width (ft) W 1.5

Grate Depression (in) Dg 2

Length of Grate (ft) Lg 2.5

Length of Curb Opening (ft) Lc 4.5

Clogging Factor - Grate (%) CFg 50%

Clogging Factor - Curb (%) CFc 50%

Effective Grate Length (ft) Lge 1.25

Effective Curb Opening Lenth (ft) Lce 2.25

Output (Grate): Equation: Output (Grate):

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

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

2
+sy*Lge

3
; where p=0.30, q=4.85, r=1.31, 

sy=0.15 (vane grate)
4.61

E - grate Flow Ratio Qw/Qs 0.31

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

] 1.53

Qs - Side Flow (cfs) Q-Qw 4.95

T - Side Flow Spread (ft) (D-Dg)/Sx 15.67

Rs - Side Flow Factor 1/(1+(0.15*V
1.8

)/(Sx*Lge
2.3

)) 0.07

Qgi - Intercepted Flow (cfs) (Rf*E+Rs*(1-E))*Q 2.3

Output (Curb): Equation: Output (Curb):

Se - Equivalent Cross Slope (ft/ft) Sx+Sg*E 0.05

Qsx - Remaining Flow After Grate 

Interception (cfs)
Q-Qgi 4.19

Sg - Gutter Cross Slope (ft/ft) Dg/W 0.11

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

*So
0.30

*[1/(n*Se)]
0.6

14.35

Qci - Intercepted Flow (cfs) (1-(1-Lce/Lt)
1.8

)*Qsx or Qsx if Lt<Lce 1.1

Output (Combination): Equation: Output (Combination): 

Total Intercepted Flow (cfs) Intercepted (Grate) + Intercepted (Curb) 3.4

Bypass Flow (cfs) Street Flow - Total Intercepted Flow 3.1

Drop Inlet Interception

Equations referenced from CCRFCD HCDDM and FHWA HEC-22



Project: Crystal Park Apartments

Work Order no.: 7844

Calculated By: ACY

Date: Nov-17

Inlet ID: 2 Mare Way RT

Drainage Condition: Developed/Ultimate 10-Year Storm

Flow Summary: 1/2( FLOWSPLIT + OFFE2) = 14.5 cfs

Inlet Description: 10' Type C Modified

Input: Variable: Input:

Street Flow (cfs) Q 14.5

Longitudinal Slope (ft/ft) So 0.012

Manning's Coefficient n 0.016

Street Flow Velocity (fps) V 3.38

Street Flow Depth (ft) D 0.54

Street Cross Slope (ft/ft) Sx 0.02

Grate Width (ft) W 1.5

Grate Depression (in) Dg 2

Length of Grate (ft) Lg 7.5

Length of Curb Opening (ft) Lc 9.5

Clogging Factor - Grate (%) CFg 50%

Clogging Factor - Curb (%) CFc 50%

Effective Grate Length (ft) Lge 3.75

Effective Curb Opening Lenth (ft) Lce 4.75

Output (Grate): Equation: Output (Grate):

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

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

2
+sy*Lge

3
; where p=0.30, q=4.85, r=1.31, 

sy=0.15 (vane grate)
7.98

E - grate Flow Ratio Qw/Qs 0.25

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

] 2.91

Qs - Side Flow (cfs) Q-Qw 11.59

T - Side Flow Spread (ft) (D-Dg)/Sx 18.67

Rs - Side Flow Factor 1/(1+(0.15*V
1.8

)/(Sx*Lge
2.3

)) 0.24

Qgi - Intercepted Flow (cfs) (Rf*E+Rs*(1-E))*Q 6.2

Output (Curb): Equation: Output (Curb):

Se - Equivalent Cross Slope (ft/ft) Sx+Sg*E 0.05

Qsx - Remaining Flow After Grate 

Interception (cfs)
Q-Qgi 8.29

Sg - Gutter Cross Slope (ft/ft) Dg/W 0.11

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

*So
0.30

*[1/(n*Se)]
0.6

28.66

Qci - Intercepted Flow (cfs) (1-(1-Lce/Lt)
1.8

)*Qsx or Qsx if Lt<Lce 2.3

Output (Combination): Equation: Output (Combination): 

Total Intercepted Flow (cfs) Intercepted (Grate) + Intercepted (Curb) 8.5

Bypass Flow (cfs) Street Flow - Total Intercepted Flow 6.0

Drop Inlet Interception

Equations referenced from CCRFCD HCDDM and FHWA HEC-22



Project: Crystal Park Apartments

Work Order no.: 7844

Calculated By: ACY

Date: Nov-17

Inlet ID: 1 Mare Way LT

Drainage Condition: Developed/Ultimate 10-Year Storm

Flow Summary: 1/2( FLOWSPLIT + OFFE2) = 14.5 cfs

Inlet Description: 10' Type C Modified 

Input: Variable: Input:

Street Flow (cfs) Q 14.5

Longitudinal Slope (ft/ft) So 0.012

Manning's Coefficient n 0.016

Street Flow Velocity (fps) V 3.38

Street Flow Depth (ft) D 0.54

Street Cross Slope (ft/ft) Sx 0.02

Grate Width (ft) W 1.5

Grate Depression (in) Dg 2

Length of Grate (ft) Lg 7.5

Length of Curb Opening (ft) Lc 9.5

Clogging Factor - Grate (%) CFg 50%

Clogging Factor - Curb (%) CFc 50%

Effective Grate Length (ft) Lge 3.75

Effective Curb Opening Lenth (ft) Lce 4.75

Output (Grate): Equation: Output (Grate):

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

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

2
+sy*Lge

3
; where p=0.30, q=4.85, r=1.31, 

sy=0.15 (vane grate)
7.98

E - grate Flow Ratio Qw/Qs 0.25

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

] 2.91

Qs - Side Flow (cfs) Q-Qw 11.59

T - Side Flow Spread (ft) (D-Dg)/Sx 18.67

Rs - Side Flow Factor 1/(1+(0.15*V
1.8

)/(Sx*Lge
2.3

)) 0.24

Qgi - Intercepted Flow (cfs) (Rf*E+Rs*(1-E))*Q 6.2

Output (Curb): Equation: Output (Curb):

Se - Equivalent Cross Slope (ft/ft) Sx+Sg*E 0.05

Qsx - Remaining Flow After Grate 

Interception (cfs)
Q-Qgi 8.29

Sg - Gutter Cross Slope (ft/ft) Dg/W 0.11

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

*So
0.30

*[1/(n*Se)]
0.6

28.66

Qci - Intercepted Flow (cfs) (1-(1-Lce/Lt)
1.8

)*Qsx or Qsx if Lt<Lce 2.3

Output (Combination): Equation: Output (Combination): 

Total Intercepted Flow (cfs) Intercepted (Grate) + Intercepted (Curb) 8.5

Bypass Flow (cfs) Street Flow - Total Intercepted Flow 6.0

Drop Inlet Interception

Equations referenced from CCRFCD HCDDM and FHWA HEC-22



 

 

 

NORMAL DEPTH STORM DRAIN 



Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.013

Channel Slope 0.4 %

Diameter 2.00 ft

Discharge 17 ft³/s

Results

Normal Depth 1.33 ft

Flow Area 3.01 ft²

Wetted Perimeter 4.36 ft

Hydraulic Radius 0.69 ft

Top Width 2.98 ft

Critical Depth 1.32 ft

Percent Full 44.2 %

Critical Slope 0.00407 ft/ft

Velocity 5.65 ft/s

Velocity Head 0.50 ft

Specific Energy 1.82 ft

Froude Number 0.99

Maximum Discharge 45.37 ft³/s

Discharge Full 42.18 ft³/s

Slope Full 0.00065 ft/ft

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

Average End Depth Over Rise 0.00 %

Normal Depth Over Rise 44.17 %

Downstream Velocity Infinity ft/s

Worksheet for SD Section A

12/18/2017 6:55:21 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



GVF Output Data

Upstream Velocity Infinity ft/s

Normal Depth 1.33 ft

Critical Depth 1.32 ft

Channel Slope 0.4 %

Critical Slope 0.00407 ft/ft

Worksheet for SD Section A

12/18/2017 6:55:21 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



 

 

 

 

BOND ESTIMATE 

 



City of Las Vegas

Bond Estimate Form

PROJECT NAME: Crystal Park Acres:

PROJECT NUMBER: DS4922A # LOT NA

PREPARED BY: wjm

Subtotal Sewer

Subtotal Water

Subtotal Roadway

Subtotal Traffic

Subtotal Drainage

Subtotal Drainage Cont.

Subtotal Dry Utilities and Other

ESTIMATED LINE ITEM COST

10% CONTINGENCIES

TOTAL 

Grand Total (Public + Private) (Declared Value)

INSPECTION FEE

First $30,000.00 (2.75%) $825.00

Next $90,000.00 (1.75%) $1,575.00

Over $120,000.00 (1.0%) $1,086.15

$3,486.15

PLAN CHECK FEE

IF SUBD.ENTER #LOT 

Plan Check Fee (($100 minimum for single residence, $500 

minimum others)) 1.25% $2,857.69 <<*

0 Sub. FM $100.00 + $10.00/Lot $0.00

Improvement Agreement 

Required*  "Y" or "N" Improvement Agreement Fee ($100) $0.00

Admin Fee $54.00 <<*

N Total Fees $6,397.84

<<*- Plan Check Fee and Admin Fee due at time of Initial Submittal
PRIVATE QUANTITIES ONLY NEED TO BE PROVIDED FOR PRIVATE STREET OR DRIVE WITHIN A RESIDENTIAL SUBDIVISION

*    - A Improvement Agreement is required whenever a perfomance bond must be posted.

Department of Building and Safety

Civil and Planning Development

333 North Rancho Drive, Las Vegas, NV 89106

(702) 229-6251 Fax (702) 382-1240

www.lasvegasnevada.gov

Total Inspection fee ($50 minimum for single residence, $150 minimum 

others)

Surety Private

 $                                                  -   

 $                                                  -   

 $                                                  -   

 $                                                  -   

 $                                                  -   

 $                                                  -   

 $                                                  -   

228,614.84$                                                                                               

-$                                                

-$                                                

-$                                                

Surety Public

 $                                                  -   

 $                                                  -   

 $                                                  -   

 $                                                  -   

 $                                   207,831.67 

 $                                                  -   

 $                                                  -   

207,831.67$                                    

20,783.17$                                      

228,614.84$                                    

Page 1



City of Las Vegas

Bond Line Items

LINEITEM DESCRIPTION
Public 

Quantity

Private 

Quantity

Unit 

Type

100%  Unit 

Cost for 

Surety

Total Public 

Estimate for 

Surety

Total Private  

Estimate for 

Surety

Storm Drain 0 0

0 0 0

603.00.02 12" STORM DRAIN LF $94.00 $0.00 $0.00

603.00.04 18" STORM DRAIN 145 LF $137.92 $19,998.40 $0.00

603.00.06 24" STORM DRAIN 351 LF $161.75 $56,774.25 $0.00

603.00.08 30" STORM DRAIN 25 LF $179.62 $4,490.50 $0.00

603.00.10 36" STORM DRAIN 256 LF $190.52 $48,773.12 $0.00

603.00.12 42" STORM DRAIN 38 LF $248.07 $9,426.66 $0.00

603.00.14 48" STORM DRAIN LF $318.53 $0.00 $0.00

603.00.16 54" STORM DRAIN LF $327.46 $0.00 $0.00

603.00.18 60" STORM DRAIN LF $384.01 $0.00 $0.00

603.00.19 66" STORM DRAIN LF $425.70 $0.00 $0.00

603.00.22 72" STORM DRAIN LF $431.66 $0.00 $0.00

603.00.26 84" STORM DRAIN LF $477.30 $0.00 $0.00

603.00.28 96" STORM DRAIN LF $517.98 $0.00 $0.00

603.00.30 108" STORM DRAIN LF $600.34 $0.00 $0.00

603.00.40 STORM DRAIN PLUG EA $1,548.20 $0.00 $0.00

609.98.15 STORM DRAIN TAP EA $1,543.56 $0.00 $0.00

202.02.37 ABANDON PUBLIC RCP/RCB LF $110.25 $0.00 $0.00

208.00.08 SD CONCRETE ENCASEMENT LF $43.00 $0.00 $0.00

0 0 0 $0.00

Drop Inlets 0 0 $0.00

0 0 0 $0.00

609.01.17 3' NEENAH DROP INLET D=6' MAX EA $10,143.40 $0.00 $0.00

609.01.18 6' NEENAH DROP INLET D=6' MAX EA $10,363.91 $0.00 $0.00

609.01.19 9' NEENAH DROP INLET D=6' MAX EA $10,915.18 $0.00 $0.00

609.01.11 4' TYPE A DROP INLET EA $6,449.89 $0.00 $0.00

609.01.13 6' TYPE A DROP INLET EA $7,938.33 $0.00 $0.00

609.01.15 8' TYPE A DROP INLET EA $10,419.05 $0.00 $0.00

609.01.16 10' TYPE A DROP INLET EA $11,907.47 $0.00 $0.00

609.01.21 4' TYPE C DROP INLET EA $7,276.80 $0.00 $0.00

609.01.22 6' TYPE C DROP INLET EA $7,717.81 $0.00 $0.00

609.01.42 2.5' TYPE CM2 DI EA $7,938.33 $0.00 $0.00

609.01.43 5' CM2 DROP INLET EA $9,228.29 $0.00 $0.00

609.01.44 7.5' CM2 DROP INLET EA $11,907.47 $0.00 $0.00

609.01.45 10' CM2 DROP INLET EA $15,777.41 $0.00 $0.00

609.01.46 12.5' CM2 DROP INLET EA $16,587.92 $0.00 $0.00

609.01.47 15' CM2 DROP INLET EA $17,067.37 $0.00 $0.00

609.01.48 17.5' CM2 DROP INLET EA $18,853.50 $0.00 $0.00

609.01.49 20' CM2 DROP INLET EA $24,807.24 $0.00 $0.00

609.01.04 24" BEEHIVE INLET EA $6,052.98 $0.00 $0.00

609.01.06 2'X2' JENSEN DROP INLET EA $6,946.03 $0.00 $0.00

609.01.70 2.5' TYPE DM2 DI EA $6,946.03 $0.00 $0.00

609.01.72 5.0' TYPE DM2 DI 1 EA $8,831.38 $8,831.38 $0.00

609.01.74 7.5' TYPE DM2 DI EA $9,922.89 $0.00 $0.00

609.01.76 10.0' TYPE DM2 DI 3 EA $12,899.76 $38,699.28 $0.00

609.01.78 12.5' TYPE DM2 DI EA $15,876.64 $0.00 $0.00

609.01.80 15.0' TYPE DM2 DI EA $18,853.50 $0.00 $0.00

609.01.82 17.5' TYPE DM2 DI 1 EA $20,838.08 $20,838.08 $0.00

609.01.84 20.0' TYPE DM2 DI EA $22,822.67 $0.00 $0.00

609.01.90 NDOT TYPE 2 DROP INLET EA $10,022.13 $0.00 $0.00

609.01.91 NDOT TYPE 3 DROP INLET EA $11,907.47 $0.00 $0.00

202.02.44 REMOVE DROP INLET EA $6,782.87 $0.00 $0.00

0 $0.00

0 0 0 $0.00

610.98.20 RIP RAP (D50-04") CY $66.15 $0.00 $0.00

610.98.22 RIP RAP (D50-06") CY $71.66 $0.00 $0.00

610.98.24 RIP RAP (D50-08") CY $77.17 $0.00 $0.00

610.98.26 RIP RAP (D50-10") CY $80.50 $0.00 $0.00

610.98.27 RIP RAP (D50-12") CY $83.79 $0.00 $0.00

610.98.28 RIP RAP (D50-18") CY $88.21 $0.00 $0.00

610.98.29 RIP RAP (D50-24") CY $91.52 $0.00 $0.00

610.98.30 GROUTED RIP RAP (D50=04") CY $82.69 $0.00 $0.00

610.98.32 GROUTED RIP RAP (D50=06") CY $88.21 $0.00 $0.00

610.98.34 GROUTED RIP RAP (D50=08") CY $93.71 $0.00 $0.00

610.98.36 GROUTED RIP RAP (D50=10") CY $88.46 $0.00 $0.00

610.98.37 GROUTED RIP RAP (D50=12") CY $104.75 $0.00 $0.00

610.98.38 GROUTED RIP RAP (D50=18") CY $111.36 $0.00 $0.00

610.98.39 GROUTED RIP RAP (D50=24") CY $116.87 $0.00 $0.00

610.00.70 GEOTEXTILE EROSION CONTROL SY $29.87 $0.00 $0.00

610.00.50 GABIONS CY $198.46 $0.00 $0.00

612.00.02 SHOTCRETE CY $165.38 $0.00 $0.00

Subtotal= $207,831.67 $0.00

Flood Control Erosion Control

DRAINAGE IMPROVEMENTS

* +or- ENR Construction Cost Index Adjustment Page 6



APPENDIX D 

REFERENCE MATERIAL  



ZONING/PLANNING CONDITIONS 















 

PERMISSION TO DRAIN LETTER 





 

CLV COMMENT LETTER 

 






















































































	Project Name: Crystal Park Apartments
	Map ID: 
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	1_5: 
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	3_3: 
	undefined_6: x
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	undefined_7: x 
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	undefined_8: x
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	Input and output information for existing conditions from computer models HEC1 or TR55: 
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	undefined_14: x
	Copies of supporting technical information referenced from a previously approved study and: 
	undefined_15: x
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	undefined_16: x
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	STANDARD FORM 2_4: 
	Yes_4: x
	Flow split calculations and supporting documentation or reference for the method of flow split: 
	undefined_17: x    
	Normal depth street flow calculations and cross section diagrams for all interior and perimeter: 
	undefined_18: x    
	A summary table of interior and exterior street capacity calculations showing the street name: 
	undefined_19: x  
	Appropriate hydraulic calculations for block wall openings assuming a 50 percent vertical: 
	undefined_20: x    
	Appropriate hydraulic calculations at drainage easement entrance and discharge locations to: 
	undefined_21: x    
	Provide necessary freeboard requirements to set the finished floor elevations of all proposed: 
	undefined_22: N/A   
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	1_9: N/A  
	2_9: N/A  
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	undefined_23: X     
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	undefined_24: x  
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	REFERENCE_5: 


