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1.2 PURPOSE AND SCOPE 

 

The purpose of this report is to publish the results of hydrology and hydraulic computer 

analysis for the proposed 1822-1864 York Drive Site Development Plan located in the 

County of San Diego.  The scope of this study is to analyze the results of pre-developed and 

post-developed hydrology conditions and provide recommendations as to the design and size 

of various hydraulic systems considered as mitigation of any potential adverse effects of the 

proposed project.  The mitigation measures proposed will include flow-based BMP 

calculations and sizing to attenuate the effects of development on storm water discharge.  

The 100-year storm frequency will be analyzed.  Information contained in this report will be 

referred to for the purpose of sizing treatment and mitigation facilities as proposed in the 

associated Storm Water Quality Mitigation Plan (SWQMP).   

 

1.3 PROJECT DESCRIPTION 

 

The proposed 1822-1864 York Drive, Site Development Plan is located in the County of San 

Diego.  The property consists of two lots, Assessor’s Parcel Numbers 184-040-18, 184-040-

19, 184-040-20, 184-040-21, 184-040-22 and 184-040-04.  The Site Development Plan 

proposes to develop a senior living facility on the 4.27-acre site.  There were three (3) single 

family homes existing on the property, 1822-1864 York Drive. These homes along with 

numerous ancillary structures have been demolished and removed from the property.  The 

senior living facility will consist of one (1) four story building, parking lot, pool area, putting 

green and patio.  

 

For this drainage analysis, the pre-developed and post-developed conditions peak flows were 

calculated using the Rational Method Hydrograph procedure set forth in the San Diego 

County Hydrology Manual (SDCHM).  This is the prescribed method for drainage areas less 

than one square mile.   

 

1.4 PRE-DEVELOPMENT CONDITIONS 

 

The site is located on the east side of York Drive near the intersection of South Santa Fe 

Avenue.  The site consists of four existing single family residential structures with accessory 

structures along with asphalt concrete pavement, concrete and landscaping areas.  Drainage 

from the existing site drains in a southeasterly direction towards the easterly boundary where 

an existing graded channel with a concrete bottom conveys flow in a southerly direction to 

an existing 72-inch corrugated metal pipe (cmp) that crosses underneath the Inland Rail 

Trail and North County Transit District (NCTD) railroad tracks.  Between the Inland Rail 

Trail and the NCTD railroad tracks is an existing concrete ditch that collects runoff and 

discharges the flow into a sump 36-inch cmp inlet that is connected to the top of the existing 
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72-inch cmp below.  The property is bordered on the west and north by York Drive, to the 

east by a memory care facility and residential buildings, and to the south by Inland Rail Trail 

and NCTD railroad tracks.  On-site topography includes elevations ranging from 

approximately 456 to 427 feet at gradients ranging from 1 percent to 10:1 (horizontal to 

vertical) slopes.   

 

The project site is located in the Buena Subarea (904.32), part of the Carlsbad Hydrologic 
Unit (904.00).  The site soil quality is predominately Type-D soil by NRCS Web Soil Survey.  
No contaminated or hazardous soil was located within the project area, and no evidence of 
scouring or excessive erosion resulting from concentrated runoff was in evidence at the site.    
 

Pre-development site drainage is accompanied by offsite flows from the north.  Concentrated 

runoff enters the site near the northeasterly corner of the project, Node 60, near York Drive 

and Montgomery Drive intersection.  Runoff at Node 60 is conveyed in the existing graded 

channel with a concrete bottom to the existing 72-inch cmp at Node 40.  The 4.27-acre site is 

approximately 18% impervious in the pre-development condition.   

   

Please refer to the Pre-Developed and Post-Developed Hydrology Exhibits for drainage 

patterns and areas.  Table 1 below summarizes the results of the pre-developed 100-year 

runoff information from the site.   

TABLE 1 – Summary of Pre-Developed Peak Flows 

40 4.58

Discharge Location
100-Year Peak Flow 

(cfs)

Drainage Area       

(ac)

11.13

Discharge Location

POC-1  
 

1.5 POST-DEVELOPMENT CONDITIONS 

 

Stormwater runoff from the proposed project site is routed to one (1) Point of Concentration 

(POC), POC-1 located near the southeast corner of the project site near the entrance of a 

72-inch cmp that crosses underneath the Inland Rail Trail and NCTD railroad tracks.  The 

majority of the project area will drain to a proposed onsite storm drain system that discharges 

flow into an proposed 72-inch cmp stormwater system for detention, then drained to a 

separate Modular Wetlands Systems (MWS) for pollutant control.  The 72-inch cmp 

stormwater system is divided in to two separate units and connected to a storm drain cleanout 

where the initial 2.75 feet of storage will be directed to the MWS for pollutant control 

treatment.  The remaining stormwater above the 2.75 feet of storage in the 72-inch cmp 

stormwater system will be detained and released via a system of orifices (slots) built within 

the storm drain cleanout to reduce the runoff to pre-developed runoff flows at POC 1.   

 

The remaining onsite project areas (driveway entrance near the northeasterly corner of the 
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property) will drain towards York Drive.  Runoff from the driveway will be treated by green 

street tree wells before leaving the site. 

 

Conveyances from the POC-1 confluence in the existing channel that is conveyed into an 

existing 72-inch cmp that crosses underneath the Inland Rail Trail and NCTD railroad tracks.  

The proposed drainage pattern mimics the existing drainage pattern with regards to overall 

area and discharge points.  Table 2 below summarizes the post-developed conditions. 

 

TABLE 2 – Summary of Post-Developed Conditions Peak Flows 

Discharge Location
Drainage Area                  

(ac)

21.07

100-Year 

Undetained Peak 

Flow (cfs)

POC-1 4.58

100-Year                

Detained Peak Flow                   

(cfs)

11.06  
 

1.6 GENERAL HYDROLOGIC CONSIDERATIONS    

 

Rainfall 

 

Precipitation has been obtained from NOAA website at the coordinates of the project 

(Chapter 6 - References). 

 

Rainfall was developed using the SDCHM, where the duration “t” is made equal to the time 

of concentration to maximize peak flow.  However, longer durations up to 360 minutes are 

used to build the complete hyetograph (precipitation distribution for the 100-year, 6-hour 

storm event).  The 6-hour storm is distributed according to the methodology explained in the 

SDCHM, where the peak precipitation starts four hours after the beginning of the storm (see 

intensity tables in Chapter 6 - References). 

 

HEC-HMS allows for hydrology input time steps of 1, 2, 3, 4, 5, 10, 15 & 20 minutes.  Rational 

Method analysis input was used to determine an inflow hydrograph using the 2/3’s 1/3 

distribution as detailed on pages 4-2 and 4-3 of the 2003 County of San Diego Hydrology 

Manual.  The time of concentration (Tc) used for the construction of these hydrographs was 

rounded to the nearest time interval that HEC-HMS could accept.  The peak flow remains 

as per the modified rational method analysis and is not reduced (or increased) from this 

hydrograph development accordingly. 

 

HEC-HMS uses an elevation-storage-discharge function to model the basin volume (stage-

storage) and basin discharge (stage-discharge) relationships, the available storage volume 

provided by WQ units. 

 

Rational method hydrographs, stage-storage, stage-discharge relationships and HEC-HMS 
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model output is provided in Chapter 4 of this report. 

Post-Developed Hydrograph Determination 

 

For the post-developed condition, a runoff hydrograph was generated using the Rational 

Method Hydrograph Procedure discussed in the Section 6 of the SDCHM.  These 

hydrographs were then entered into the developed condition HEC-HMS  model.   

 

Model Results 

 

Table 3 below  shows that the proposed 72-inch cmp stormwater system attentuates the peak 

flow to below the pre-development conditions.   

 

TABLE 3 — Summary of 72-inch CMP Stormwater System Routing 

175/176 19.56 8.31

Discharge Location

Undetained 100-

Year Peak Flow            

(cfs)

Detained 100-Year 

Peak Flow             

(cfs)

 
 

The Rational Method study provided herein incorporates the outlet structure design in the 

underground detention facilities and is meant to show the site can sufficiently convey the 

100-year storm event.   

 

1.7 STUDY METHOD 

 

The method of analysis was based on the Rational Method according to the San Diego 

County Hydrology Manual (SD HM). The Hydrology and Hydraulic Analysis were done on 

Hydro Soft by Advanced Engineering Software 2014.  The study considers the runoff for a 

100-year storm frequency. 

 

Methodology used for the computation of design rainfall events, runoff coefficients, and 

rainfall intensity values are consistent with criteria set forth in the “2014 County of San Diego 

Drainage Design Manual.”  A more detailed explanation of methodology used for this 

analysis is listed in Chapter 6 – References of this report. 

 

The Rational Method for this project provided the following variable coefficients: 

 

Rainfall Intensity – Initial time of concentration (Tc) values based on Table 3-2 of the 

SDCHM.  Precipitation distribution for the 100-year, 6-hour storm events were obtained 

from the NOAA Precipitation Frequency Data Server (PFDS), see References. 

 

I = 7.44x(P6)x(Tc)
- 0.645    
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P6 for 100-year storm =3.20 inches 

Runoff Coefficients – In accordance with the County of San Diego standards, runoff 

coefficients were based on land use and soil type.  The soil conditions used in this study are 

consistent with Type-D soil qualities. An appropriate runoff coefficient (C) for each type of 

land use in the subarea was selected from Table 3-1 of SDCHM and multiplied by the 

percentage of total area (A) included in that class.  The sum of the products for all land uses 

is the weighted runoff coefficient (∑[CA]). See Table 1.1 for weighted runoff coefficient “C” 

calculations. 
 

The Post-Developed Hydrology Exhibit shows the proposed on-site drainage system and 

nodal points.  Table 4 summarizes the composite C-values calculated in the pre-developed 

and post-developed conditions.   

 

TABLE 4 — Weighted Runoff Coefficient “C” Calculations 

Up Node Down Node

Total Area 

(ac)

Pervious 

C1

Pervious 

A1 (acres)

Impervious 

C2

Impervious 

A2 (acres) Ccomp

10 20 0.115 0.35 0.115 0.87 0.000 0.35

20 30 4.143 0.35 3.355 0.87 0.788 0.45

40 50 0.045 0.35 0.006 0.87 0.038 0.80

50 60 0.279 0.35 0.068 0.87 0.210 0.74

Pre-Developed Hydrology

 

Up Node Down Node

Total Area 

(ac)

Pervious 

C1

Pervious 

A1 (acres)

Impervious 

C2

Impervious 

A2 (acres) Ccomp

10 20 0.114 0.35 0.014 0.87 0.100 0.81

20 30 0.300 0.35 0.073 0.87 0.227 0.74

40 40 0.125 0.35 0.034 0.87 0.092 0.73

50 50 0.125 0.35 0.029 0.87 0.095 0.75

60 60 0.379 0.35 0.054 0.87 0.325 0.80

70 70 0.166 0.35 0.019 0.87 0.147 0.81

80 80 0.361 0.35 0.056 0.87 0.305 0.79

90 100 0.114 0.35 0.014 0.87 0.100 0.81

100 110 0.506 0.35 0.140 0.87 0.367 0.73

120 120 0.231 0.35 0.079 0.87 0.153 0.69

130 130 0.143 0.35 0.050 0.87 0.093 0.69

140 140 0.273 0.35 0.021 0.87 0.252 0.83

150 150 0.176 0.35 0.088 0.87 0.088 0.61

160 160 0.220 0.35 0.020 0.87 0.200 0.82

180 190 0.047 0.35 0.007 0.87 0.040 0.79

190 200 0.595 0.35 0.109 0.87 0.487 0.78

200 220 0.700 0.35 0.700 0.87 0.000 0.35

Post-Developed Hydrology
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1.8 HYDRAULIC EFFECTS OF PROJECT 

 
The Federal Emergency Management Agency (FEMA) has not mapped any Special Flood 

Hazard Areas (SFHAs) through the project site.  Nor has the County of San Diego mapped 

any flood plain or floodway through the project site.  A pre-developed and post-developed 

100-year flood inundation analyses has been done for the existing drainage channel at the 

project outlet of an existing 72-inch cmp the crosses underneath the Inland Rail Trail and 

NCTD railroad tracks using the “Hydrologic Engineering Centers River Analysis System” 

(HEC-RAS).  The existing 36-inch cmp sump inlet not only collects runoff between the 

Inland Rail Trail and NCTD railroad tracks, but also acts as an emergency outlet to prevent 

the headwater at the entrance of the 72-inch cmp culvert from inundating or topping over 

the NCTD railroad tracks.  The amount of flow entering the existing 36-inch cmp sump inlet 

is simulated using four (4) 12-inch cmp culverts using the culvert data editor in HEC-RAS.  

The four 12-inch cmp culverts have a similar rating curve (headwater depth-ft vs flow-cfs) 

when compared to the 36-inch cmp sump inlet.  The four 12-inch cmp culverts were modeled 

conservatively, with the four 12-inch culverts accepting flow at the top of the Inland Rail 

Trail (438.0-feet).  See comparison of four 12-inch cmp culverts and 36-inch cmp sump inlet 

rating curves in Chapter 5 of this report.  For the purposes of this hydraulic analysis, the 

upstream limits begin at cross section 9+14.03, (downstream of an existing 48-inch x 36-inch 

CMP arch pipe at York Drive) and downstream limits end at cross section 1+71.95 

(downstream of an existing 72-inch CMP crossing underneath the Inland Rail Trail and 

NCTD railroad tracks).  Cross sections for both the pre-developed and post-developed 

conditions were generated by using the topography and proposed elevations shown on the 

preliminary grading plan.  Disturbances to the shallow intermittent natural drainage swale 

has been minimized.  The project is proposing to add fill onsite to raise the pad outside of 

the 100-year inundation limits in the post-developed condition.  Comparison of the pre-

developed and post-developed HEC-RAS 100-year flood inundation analyses and cross 

sections indicate there is no increase in water surface elevations and the limits of 100-year 

flood inundation lines in the easterly offsite areas are similar for both the pre-developed and 

post-developed conditions as delineated on the hydraulic exhibits.  Comparison of the pre-

developed and post-developed HEC-RAS 100-year flood inundation analyses indicate that 

the channel velocities in the post-developed condition modeled cross sections are similar to 

the pre-developed conditions and any differences are negligible. An average Manning’s 

roughness coefficient of 0.035 was used in both the pre-developed and post-developed HEC-

RAS analyses.  See Table 5 for comparison of HEC-RAS pre-developed and post-developed 

100-year flood inundation cross sections. 
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TABLE 5 – Comparison of HEC-RAS Pre-Developed and Post-Developed 100-Year 

Flood Inundation Cross Sections  

 

914.03 474.44 440.78 440.78 0.65 0.65

839.73 474.44 440.78 440.78 0.32 0.47

746.53 474.44 440.78 440.78 0.27 0.40

653.24 474.44 440.78 440.78 0.19 0.35

552.28 474.44 440.78 440.78 0.16 0.28

451.25 474.44 440.78 440.78 0.17 0.34

363.69 474.44 440.78 440.78 0.15 0.31

298.22 474.44 440.78 440.78 0.15 0.25

271.15 474.44 440.78 440.78 0.14 0.18

271.1 474.44 Culvert Culvert

185.28 474.44 431.49 431.49 3.29 3.29

171.95 474.44 431.60 431.60 0.76 0.76

Cross Section No.

Pre-Developed 

Water Surface 

Elevation (ft)

Pre-Developed 

Velocity      

(ft/s)

Q Total (cfs)

Post-Developed 

Water Surface 

Elevation (ft)

Post-Developed     

Velocity             

(ft/s)

 
 

1.9 CONCLUSIONS 

 

Table 6 below summarizes the results of the per-developed and post-developed condition 

drainage areas and resultant 100-year peak flow rates at POC-1 discharge locations from the 

project site.  Please refer to the Pre-Developed and Post-Developed Hydrology Exhibits for 

drainage patterns and areas.   

 

TABLE 6 - Summary Pre-Developed vs. Post-Developed Peak Flows 

 

Difference -0.01 -0.07

Post-Developed Condition 4.58 11.06

Pre-Developed Condition 4.58 11.13

100-Year Peak Flow 

(cfs)
Condition Drainage Area (Ac)

 
 

As shown in the table above, the rough grading of the 1822-1864 York Drive will result in a 

net decrease of 100-year peak flow discharged from the project site by approximately 0.07 

cfs. 

 

See Chapter 3 for a summary of the pre-developed and post developed condition drainage 

areas, time of concentration, and resultant peak flow rates for the 100-year storm frequency 

at the POC-1 discharge location. 
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Peak flow rates listed above were generated based on criteria set forth in “San Diego County 

Hydrology Manual” (methodology presented in Chapter 6 of this report).  Rational method 

output is located in Chapter 3.  HEC-HMS modeling results are located in Chapter 4.  The 

hydraulic analysis shows that the proposed storm drain facilities can sufficiently convey the 

anticipated Q100 flowrate without any adverse effects.  Based on this conclusion, runoff 

released from the proposed project site will be unlikely to cause any adverse impact to 

downstream water bodies or existing habitat integrity.  Sediment will likely be reduced upon 

site development. 

 

The development of the project will not increase the 100-year flood water surface elevations 

in the existing drainage channel between York Drive and the Inland Rail Trail/NCTD 

railroad tracks.  Channel velocities in the existing drainage channel are similar in the pre-

developed and post-developed conditions and any differences are negligible after 

development of the project.  

 

This project is particularly effective at mitigating the potential impacts that development can 

have on stormwater runoff.  It is our professional opinion that the recommendations 

provided in this report, and the drainage system as proposed effectively intercept, contain, 

convey, detain and treat the expected storm water runoff generated by this property to mimic 

pre-development conditions. 
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CHAPTER 2 

PRE-DEVELOPED AND POST-DEVELOPED  

HYDROLOGY EXHIBITS



SHEET  1  OF  1 

PRE-DEVELOPED  HYDROLOGY  EXHIBIT
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100-YEAR STORM – PRE-DEVELOPED HYDROLOGY 
____________________________________________________________________________ 

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

 

             RATIONAL METHOD HYDROLOGY COMPUTER PROGRAM PACKAGE 

             Reference: SAN DIEGO COUNTY FLOOD CONTROL DISTRICT 

                          2003,1985,1981 HYDROLOGY MANUAL 

          (c) Copyright 1982-2014 Advanced Engineering Software (aes) 

              Ver. 21.0 Release Date: 06/01/2014  License ID 1459 

 

                            Analysis prepared by: 

 

                                   BHA INC.                                   

                        5115 AVENIDA ENCINAS, SUITE L                         

                              CARLSBAD, CA 92008                              

                                                                              

 

  ************************** DESCRIPTION OF STUDY ************************** 

 * EXISTING HYDROLOGY                                                       * 

 *                                                                          * 

 *                                                                          * 

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

 

   FILE NAME: K:\HYDRO\1119\SDP\1119E1.DAT                       

   TIME/DATE OF STUDY: 14:13 11/26/2021 

 ---------------------------------------------------------------------------- 

   USER SPECIFIED HYDROLOGY AND HYDRAULIC MODEL INFORMATION: 

 ---------------------------------------------------------------------------- 

   2003 SAN DIEGO MANUAL CRITERIA 

 

   USER SPECIFIED STORM EVENT(YEAR) = 100.00 

   6-HOUR DURATION PRECIPITATION (INCHES) =   3.200 

   SPECIFIED MINIMUM PIPE SIZE(INCH) =   4.00 

   SPECIFIED PERCENT OF GRADIENTS(DECIMAL) TO USE FOR FRICTION SLOPE = 0.90 

   SAN DIEGO HYDROLOGY MANUAL "C"-VALUES USED FOR RATIONAL METHOD 

   NOTE: USE MODIFIED RATIONAL METHOD PROCEDURES FOR CONFLUENCE ANALYSIS 

   *USER-DEFINED STREET-SECTIONS FOR COUPLED PIPEFLOW AND STREETFLOW MODEL* 

      HALF-  CROWN TO   STREET-CROSSFALL:   CURB  GUTTER-GEOMETRIES:  MANNING 

      WIDTH  CROSSFALL  IN-  / OUT-/PARK-  HEIGHT  WIDTH  LIP   HIKE  FACTOR 

 NO.   (FT)     (FT)    SIDE / SIDE/ WAY    (FT)    (FT)  (FT)  (FT)    (n) 

 ===  =====  =========  =================  ======  ===== ====== ===== ======= 

   1   30.0     20.0    0.018/0.018/0.020   0.67    2.00 0.0313 0.167 0.0150 

 

   GLOBAL STREET FLOW-DEPTH CONSTRAINTS: 

     1. Relative Flow-Depth =  0.00 FEET 

        as (Maximum Allowable Street Flow Depth) - (Top-of-Curb) 

     2. (Depth)*(Velocity) Constraint =  6.0 (FT*FT/S) 

   *SIZE PIPE WITH A FLOW CAPACITY GREATER THAN 

    OR EQUAL TO THE UPSTREAM TRIBUTARY PIPE.* 

 

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

   FLOW PROCESS FROM NODE     10.00 TO NODE     20.00 IS CODE =  21 

 ---------------------------------------------------------------------------- 

   >>>>>RATIONAL METHOD INITIAL SUBAREA ANALYSIS<<<<< 

 ============================================================================ 

   *USER SPECIFIED(SUBAREA): 

   USER-SPECIFIED RUNOFF COEFFICIENT = .3500 

   S.C.S. CURVE NUMBER (AMC II) =   0 

   INITIAL SUBAREA FLOW-LENGTH(FEET) =   100.00 

   UPSTREAM ELEVATION(FEET) =    455.00 

   DOWNSTREAM ELEVATION(FEET) =    451.50 

   ELEVATION DIFFERENCE(FEET) =      3.50 

   SUBAREA OVERLAND TIME OF FLOW(MIN.) =    8.892 
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    100 YEAR RAINFALL INTENSITY(INCH/HOUR) =  5.816 

   SUBAREA RUNOFF(CFS) =      0.23 

   TOTAL AREA(ACRES) =      0.12   TOTAL RUNOFF(CFS) =      0.23 

 

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

   FLOW PROCESS FROM NODE     20.00 TO NODE     30.00 IS CODE =  51 

 ---------------------------------------------------------------------------- 

   >>>>>COMPUTE TRAPEZOIDAL CHANNEL FLOW<<<<< 

   >>>>>TRAVELTIME THRU SUBAREA (EXISTING ELEMENT)<<<<< 

 ============================================================================ 

   ELEVATION DATA: UPSTREAM(FEET) =    451.50  DOWNSTREAM(FEET) =    428.00 

   CHANNEL LENGTH THRU SUBAREA(FEET) =   412.00   CHANNEL SLOPE =  0.0570 

   CHANNEL BASE(FEET) =    0.00   "Z" FACTOR =   5.000 

   MANNING'S FACTOR = 0.035   MAXIMUM DEPTH(FEET) =   1.00 

    100 YEAR RAINFALL INTENSITY(INCH/HOUR) =  5.183 

   *USER SPECIFIED(SUBAREA): 

   USER-SPECIFIED RUNOFF COEFFICIENT = .4500 

   S.C.S. CURVE NUMBER (AMC II) =   0 

   TRAVEL TIME COMPUTED USING ESTIMATED FLOW(CFS) =       5.06 

   TRAVEL TIME THRU SUBAREA BASED ON VELOCITY(FEET/SEC.) =   3.95 

   AVERAGE FLOW DEPTH(FEET) =   0.51   TRAVEL TIME(MIN.) =   1.74 

   Tc(MIN.) =   10.63 

   SUBAREA AREA(ACRES) =     4.14       SUBAREA RUNOFF(CFS) =    9.66 

   AREA-AVERAGE RUNOFF COEFFICIENT =  0.447 

   TOTAL AREA(ACRES) =        4.3         PEAK FLOW RATE(CFS) =       9.87 

 

   END OF SUBAREA CHANNEL FLOW HYDRAULICS: 

   DEPTH(FEET) =  0.65   FLOW VELOCITY(FEET/SEC.) =   4.74 

   LONGEST FLOWPATH FROM NODE     10.00 TO NODE     30.00 =     512.00 FEET. 

 

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

   FLOW PROCESS FROM NODE     30.00 TO NODE     30.00 IS CODE =   1 

 ---------------------------------------------------------------------------- 

   >>>>>DESIGNATE INDEPENDENT STREAM FOR CONFLUENCE<<<<< 

 ============================================================================ 

   TOTAL NUMBER OF STREAMS =  2 

   CONFLUENCE VALUES USED FOR INDEPENDENT STREAM  1 ARE: 

   TIME OF CONCENTRATION(MIN.) =   10.63 

   RAINFALL INTENSITY(INCH/HR) =   5.18 

   TOTAL STREAM AREA(ACRES) =     4.26 

   PEAK FLOW RATE(CFS) AT CONFLUENCE =      9.87 

 

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

   FLOW PROCESS FROM NODE     40.00 TO NODE     50.00 IS CODE =  21 

 ---------------------------------------------------------------------------- 

   >>>>>RATIONAL METHOD INITIAL SUBAREA ANALYSIS<<<<< 

 ============================================================================ 

   *USER SPECIFIED(SUBAREA): 

   USER-SPECIFIED RUNOFF COEFFICIENT = .8000 

   S.C.S. CURVE NUMBER (AMC II) =   0 

   INITIAL SUBAREA FLOW-LENGTH(FEET) =    70.00 

   UPSTREAM ELEVATION(FEET) =    454.80 

   DOWNSTREAM ELEVATION(FEET) =    454.00 

   ELEVATION DIFFERENCE(FEET) =      0.80 

   SUBAREA OVERLAND TIME OF FLOW(MIN.) =    4.321 

    100 YEAR RAINFALL INTENSITY(INCH/HOUR) =  8.431 

   NOTE: RAINFALL INTENSITY IS BASED ON Tc = 5-MINUTE. 

   SUBAREA RUNOFF(CFS) =      0.30 

   TOTAL AREA(ACRES) =      0.05   TOTAL RUNOFF(CFS) =      0.30 

 

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

   FLOW PROCESS FROM NODE     50.00 TO NODE     60.00 IS CODE =  61 

 ---------------------------------------------------------------------------- 
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   >>>>>COMPUTE STREET FLOW TRAVEL TIME THRU SUBAREA<<<<< 

   >>>>>(STANDARD CURB SECTION USED)<<<<< 

 ============================================================================ 

   UPSTREAM ELEVATION(FEET) =  454.00  DOWNSTREAM ELEVATION(FEET) =  436.00 

   STREET LENGTH(FEET) =   476.00   CURB HEIGHT(INCHES) =  6.0 

   STREET HALFWIDTH(FEET) = 15.00 

 

   DISTANCE FROM CROWN TO CROSSFALL GRADEBREAK(FEET) =   1.00 

   INSIDE STREET CROSSFALL(DECIMAL) =  0.020 

   OUTSIDE STREET CROSSFALL(DECIMAL)  =  0.020 

 

   SPECIFIED NUMBER OF HALFSTREETS CARRYING RUNOFF =  1 

   STREET PARKWAY CROSSFALL(DECIMAL)  =  0.020 

   Manning's FRICTION FACTOR for Streetflow Section(curb-to-curb) =   0.0140 

   Manning's FRICTION FACTOR for Back-of-Walk Flow Section =   0.0200 

 

     **TRAVEL TIME COMPUTED USING ESTIMATED FLOW(CFS) =       1.03 

     STREETFLOW MODEL RESULTS USING ESTIMATED FLOW: 

     STREET FLOW DEPTH(FEET) =  0.21 

     HALFSTREET FLOOD WIDTH(FEET) =    4.28 

     AVERAGE FLOW VELOCITY(FEET/SEC.) =    3.42 

     PRODUCT OF DEPTH&VELOCITY(FT*FT/SEC.) =    0.73 

   STREET FLOW TRAVEL TIME(MIN.) =   2.32   Tc(MIN.) =    6.64 

    100 YEAR RAINFALL INTENSITY(INCH/HOUR) =  7.022 

   *USER SPECIFIED(SUBAREA): 

   USER-SPECIFIED RUNOFF COEFFICIENT = .7400 

   S.C.S. CURVE NUMBER (AMC II) =   0 

   AREA-AVERAGE RUNOFF COEFFICIENT =  0.748 

   SUBAREA AREA(ACRES) =    0.28      SUBAREA RUNOFF(CFS) =    1.45 

   TOTAL AREA(ACRES) =        0.3        PEAK FLOW RATE(CFS) =       1.70 

 

   END OF SUBAREA STREET FLOW HYDRAULICS: 

   DEPTH(FEET) = 0.24   HALFSTREET FLOOD WIDTH(FEET) =   5.85 

   FLOW VELOCITY(FEET/SEC.) =  3.70   DEPTH*VELOCITY(FT*FT/SEC.) =   0.90 

   LONGEST FLOWPATH FROM NODE     40.00 TO NODE     60.00 =     546.00 FEET. 

 

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

   FLOW PROCESS FROM NODE     60.00 TO NODE     60.00 IS CODE =   1 

 ---------------------------------------------------------------------------- 

   >>>>>DESIGNATE INDEPENDENT STREAM FOR CONFLUENCE<<<<< 

   >>>>>AND COMPUTE VARIOUS CONFLUENCED STREAM VALUES<<<<< 

 ============================================================================ 

   TOTAL NUMBER OF STREAMS =  2 

   CONFLUENCE VALUES USED FOR INDEPENDENT STREAM  2 ARE: 

   TIME OF CONCENTRATION(MIN.) =    6.64 

   RAINFALL INTENSITY(INCH/HR) =   7.02 

   TOTAL STREAM AREA(ACRES) =     0.32 

   PEAK FLOW RATE(CFS) AT CONFLUENCE =      1.70 

 

   ** CONFLUENCE DATA ** 

   STREAM     RUNOFF       Tc      INTENSITY      AREA 

   NUMBER      (CFS)     (MIN.)   (INCH/HOUR)    (ACRE) 

       1        9.87    10.63        5.183          4.26 

       2        1.70     6.64        7.022          0.32 

 

   RAINFALL INTENSITY AND TIME OF CONCENTRATION RATIO 

   CONFLUENCE FORMULA USED FOR  2 STREAMS. 

 

   ** PEAK FLOW RATE TABLE ** 

   STREAM     RUNOFF      Tc      INTENSITY 

   NUMBER      (CFS)    (MIN.)   (INCH/HOUR) 

       1        7.87     6.64       7.022 

       2       11.13    10.63       5.183 
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   COMPUTED CONFLUENCE ESTIMATES ARE AS FOLLOWS: 

   PEAK FLOW RATE(CFS) =      11.13   Tc(MIN.) =   10.63 

   TOTAL AREA(ACRES) =        4.6 

   LONGEST FLOWPATH FROM NODE     40.00 TO NODE     60.00 =     546.00 FEET. 

 ============================================================================ 

   END OF STUDY SUMMARY: 

   TOTAL AREA(ACRES)     =        4.6  TC(MIN.) =     10.63 

   PEAK FLOW RATE(CFS)   =      11.13 

 ============================================================================ 

 ============================================================================ 

   END OF RATIONAL METHOD ANALYSIS 
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CHAPTER 3 

 

CALCULATIONS 

 
3.2 – Post Developed Hydrology Calculations 



  

 

100-YEAR STORM – POST DEVELOPED HYDROLOGY 
 

____________________________________________________________________________ 

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

 

             RATIONAL METHOD HYDROLOGY COMPUTER PROGRAM PACKAGE 

             Reference: SAN DIEGO COUNTY FLOOD CONTROL DISTRICT 

                          2003,1985,1981 HYDROLOGY MANUAL 

          (c) Copyright 1982-2014 Advanced Engineering Software (aes) 

              Ver. 21.0 Release Date: 06/01/2014  License ID 1459 

 

                            Analysis prepared by: 

 

                                   BHA INC.                                   

                        5115 AVENIDA ENCINAS, SUITE L                         

                              CARLSBAD, CA 92008                              

                                                                              

 

  ************************** DESCRIPTION OF STUDY ************************** 

 * PROPOSED HYDROLOGY - UNDETAINED                                          * 

 *                                                                          * 

 *                                                                          * 

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

 

   FILE NAME: K:\HYDRO\1119\SDP\1119P1.DAT                       

   TIME/DATE OF STUDY: 14:49 11/26/2021 

 ---------------------------------------------------------------------------- 

   USER SPECIFIED HYDROLOGY AND HYDRAULIC MODEL INFORMATION: 

 ---------------------------------------------------------------------------- 

   2003 SAN DIEGO MANUAL CRITERIA 

 

   USER SPECIFIED STORM EVENT(YEAR) = 100.00 

   6-HOUR DURATION PRECIPITATION (INCHES) =   3.200 

   SPECIFIED MINIMUM PIPE SIZE(INCH) =   4.00 

   SPECIFIED PERCENT OF GRADIENTS(DECIMAL) TO USE FOR FRICTION SLOPE = 0.90 

   SAN DIEGO HYDROLOGY MANUAL "C"-VALUES USED FOR RATIONAL METHOD 

   NOTE: USE MODIFIED RATIONAL METHOD PROCEDURES FOR CONFLUENCE ANALYSIS 

   *USER-DEFINED STREET-SECTIONS FOR COUPLED PIPEFLOW AND STREETFLOW MODEL* 

      HALF-  CROWN TO   STREET-CROSSFALL:   CURB  GUTTER-GEOMETRIES:  MANNING 

      WIDTH  CROSSFALL  IN-  / OUT-/PARK-  HEIGHT  WIDTH  LIP   HIKE  FACTOR 

 NO.   (FT)     (FT)    SIDE / SIDE/ WAY    (FT)    (FT)  (FT)  (FT)    (n) 

 ===  =====  =========  =================  ======  ===== ====== ===== ======= 

   1   30.0     20.0    0.018/0.018/0.020   0.67    2.00 0.0313 0.167 0.0150 

 

   GLOBAL STREET FLOW-DEPTH CONSTRAINTS: 

     1. Relative Flow-Depth =  0.00 FEET 

        as (Maximum Allowable Street Flow Depth) - (Top-of-Curb) 

     2. (Depth)*(Velocity) Constraint =  6.0 (FT*FT/S) 

   *SIZE PIPE WITH A FLOW CAPACITY GREATER THAN 

    OR EQUAL TO THE UPSTREAM TRIBUTARY PIPE.* 

 

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

   FLOW PROCESS FROM NODE     10.00 TO NODE     20.00 IS CODE =  21 

 ---------------------------------------------------------------------------- 

   >>>>>RATIONAL METHOD INITIAL SUBAREA ANALYSIS<<<<< 

 ============================================================================ 

   *USER SPECIFIED(SUBAREA): 

   USER-SPECIFIED RUNOFF COEFFICIENT = .8100 

   S.C.S. CURVE NUMBER (AMC II) =   0 

   INITIAL SUBAREA FLOW-LENGTH(FEET) =   100.00 

   UPSTREAM ELEVATION(FEET) =    443.70 

   DOWNSTREAM ELEVATION(FEET) =    442.15 

   ELEVATION DIFFERENCE(FEET) =      1.55 
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   SUBAREA OVERLAND TIME OF FLOW(MIN.) =    3.990 

   WARNING: INITIAL SUBAREA FLOW PATH LENGTH IS GREATER THAN 

            THE MAXIMUM OVERLAND FLOW LENGTH =    78.25 

            (Reference: Table 3-1B of Hydrology Manual) 

            THE MAXIMUM OVERLAND FLOW LENGTH IS USED IN Tc CALCULATION! 

    100 YEAR RAINFALL INTENSITY(INCH/HOUR) =  8.431 

   NOTE: RAINFALL INTENSITY IS BASED ON Tc = 5-MINUTE. 

   SUBAREA RUNOFF(CFS) =      0.78 

   TOTAL AREA(ACRES) =      0.11   TOTAL RUNOFF(CFS) =      0.78 

 

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

   FLOW PROCESS FROM NODE     20.00 TO NODE     30.00 IS CODE =  61 

 ---------------------------------------------------------------------------- 

   >>>>>COMPUTE STREET FLOW TRAVEL TIME THRU SUBAREA<<<<< 

   >>>>>(STANDARD CURB SECTION USED)<<<<< 

 ============================================================================ 

   UPSTREAM ELEVATION(FEET) =  442.15  DOWNSTREAM ELEVATION(FEET) =  440.81 

   STREET LENGTH(FEET) =    97.00   CURB HEIGHT(INCHES) =  6.0 

   STREET HALFWIDTH(FEET) = 24.00 

 

   DISTANCE FROM CROWN TO CROSSFALL GRADEBREAK(FEET) =   1.00 

   INSIDE STREET CROSSFALL(DECIMAL) =  0.020 

   OUTSIDE STREET CROSSFALL(DECIMAL)  =  0.020 

 

   SPECIFIED NUMBER OF HALFSTREETS CARRYING RUNOFF =  1 

   STREET PARKWAY CROSSFALL(DECIMAL)  =  0.020 

   Manning's FRICTION FACTOR for Streetflow Section(curb-to-curb) =   0.0140 

   Manning's FRICTION FACTOR for Back-of-Walk Flow Section =   0.0200 

 

     **TRAVEL TIME COMPUTED USING ESTIMATED FLOW(CFS) =       1.71 

     STREETFLOW MODEL RESULTS USING ESTIMATED FLOW: 

     STREET FLOW DEPTH(FEET) =  0.28 

     HALFSTREET FLOOD WIDTH(FEET) =    7.59 

     AVERAGE FLOW VELOCITY(FEET/SEC.) =    2.47 

     PRODUCT OF DEPTH&VELOCITY(FT*FT/SEC.) =    0.69 

   STREET FLOW TRAVEL TIME(MIN.) =   0.65   Tc(MIN.) =    4.64 

    100 YEAR RAINFALL INTENSITY(INCH/HOUR) =  8.431 

   NOTE: RAINFALL INTENSITY IS BASED ON Tc = 5-MINUTE. 

   *USER SPECIFIED(SUBAREA): 

   USER-SPECIFIED RUNOFF COEFFICIENT = .7400 

   S.C.S. CURVE NUMBER (AMC II) =   0 

   AREA-AVERAGE RUNOFF COEFFICIENT =  0.759 

   SUBAREA AREA(ACRES) =    0.30      SUBAREA RUNOFF(CFS) =    1.87 

   TOTAL AREA(ACRES) =        0.4        PEAK FLOW RATE(CFS) =       2.65 

 

   END OF SUBAREA STREET FLOW HYDRAULICS: 

   DEPTH(FEET) = 0.31   HALFSTREET FLOOD WIDTH(FEET) =   9.27 

   FLOW VELOCITY(FEET/SEC.) =  2.71   DEPTH*VELOCITY(FT*FT/SEC.) =   0.85 

   LONGEST FLOWPATH FROM NODE     10.00 TO NODE     30.00 =     197.00 FEET. 

 

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

   FLOW PROCESS FROM NODE     30.00 TO NODE     40.00 IS CODE =  41 

 ---------------------------------------------------------------------------- 

   >>>>>COMPUTE PIPE-FLOW TRAVEL TIME THRU SUBAREA<<<<< 

   >>>>>USING USER-SPECIFIED PIPESIZE (EXISTING ELEMENT)<<<<< 

 ============================================================================ 

   ELEVATION DATA: UPSTREAM(FEET) =   436.81  DOWNSTREAM(FEET) =   435.96 

   FLOW LENGTH(FEET) =    84.53   MANNING'S N =  0.013 

   DEPTH OF FLOW IN  12.0 INCH PIPE IS   8.0 INCHES 

   PIPE-FLOW VELOCITY(FEET/SEC.) =   4.77 

   GIVEN PIPE DIAMETER(INCH) =  12.00    NUMBER OF PIPES =   1 

   PIPE-FLOW(CFS) =       2.65 

   PIPE TRAVEL TIME(MIN.) =   0.30    Tc(MIN.) =    4.94 

   LONGEST FLOWPATH FROM NODE     10.00 TO NODE     40.00 =     281.53 FEET. 
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 **************************************************************************** 

   FLOW PROCESS FROM NODE     40.00 TO NODE     40.00 IS CODE =  81 

 ---------------------------------------------------------------------------- 

   >>>>>ADDITION OF SUBAREA TO MAINLINE PEAK FLOW<<<<< 

 ============================================================================ 

    100 YEAR RAINFALL INTENSITY(INCH/HOUR) =  8.431 

   NOTE: RAINFALL INTENSITY IS BASED ON Tc = 5-MINUTE. 

   *USER SPECIFIED(SUBAREA): 

   USER-SPECIFIED RUNOFF COEFFICIENT = .7300 

   S.C.S. CURVE NUMBER (AMC II) =   0 

   AREA-AVERAGE RUNOFF COEFFICIENT = 0.7525 

   SUBAREA AREA(ACRES) =    0.12   SUBAREA RUNOFF(CFS) =    0.77 

   TOTAL AREA(ACRES) =        0.5   TOTAL RUNOFF(CFS) =       3.42 

   TC(MIN.) =    4.94 

 

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

   FLOW PROCESS FROM NODE     40.00 TO NODE     50.00 IS CODE =  41 

 ---------------------------------------------------------------------------- 

   >>>>>COMPUTE PIPE-FLOW TRAVEL TIME THRU SUBAREA<<<<< 

   >>>>>USING USER-SPECIFIED PIPESIZE (EXISTING ELEMENT)<<<<< 

 ============================================================================ 

   ELEVATION DATA: UPSTREAM(FEET) =   435.46  DOWNSTREAM(FEET) =   434.17 

   FLOW LENGTH(FEET) =   128.91   MANNING'S N =  0.013 

   DEPTH OF FLOW IN  18.0 INCH PIPE IS   7.3 INCHES 

   PIPE-FLOW VELOCITY(FEET/SEC.) =   5.11 

   GIVEN PIPE DIAMETER(INCH) =  18.00    NUMBER OF PIPES =   1 

   PIPE-FLOW(CFS) =       3.42 

   PIPE TRAVEL TIME(MIN.) =   0.42    Tc(MIN.) =    5.36 

   LONGEST FLOWPATH FROM NODE     10.00 TO NODE     50.00 =     410.44 FEET. 

 

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

   FLOW PROCESS FROM NODE     50.00 TO NODE     50.00 IS CODE =  81 

 ---------------------------------------------------------------------------- 

   >>>>>ADDITION OF SUBAREA TO MAINLINE PEAK FLOW<<<<< 

 ============================================================================ 

    100 YEAR RAINFALL INTENSITY(INCH/HOUR) =  8.061 

   *USER SPECIFIED(SUBAREA): 

   USER-SPECIFIED RUNOFF COEFFICIENT = .7500 

   S.C.S. CURVE NUMBER (AMC II) =   0 

   AREA-AVERAGE RUNOFF COEFFICIENT = 0.7520 

   SUBAREA AREA(ACRES) =    0.12   SUBAREA RUNOFF(CFS) =    0.76 

   TOTAL AREA(ACRES) =        0.7   TOTAL RUNOFF(CFS) =       4.03 

   TC(MIN.) =    5.36 

 

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

   FLOW PROCESS FROM NODE     50.00 TO NODE     85.00 IS CODE =  41 

 ---------------------------------------------------------------------------- 

   >>>>>COMPUTE PIPE-FLOW TRAVEL TIME THRU SUBAREA<<<<< 

   >>>>>USING USER-SPECIFIED PIPESIZE (EXISTING ELEMENT)<<<<< 

 ============================================================================ 

   ELEVATION DATA: UPSTREAM(FEET) =   433.84  DOWNSTREAM(FEET) =   433.50 

   FLOW LENGTH(FEET) =    32.73   MANNING'S N =  0.013 

   DEPTH OF FLOW IN  18.0 INCH PIPE IS   7.9 INCHES 

   PIPE-FLOW VELOCITY(FEET/SEC.) =   5.41 

   GIVEN PIPE DIAMETER(INCH) =  18.00    NUMBER OF PIPES =   1 

   PIPE-FLOW(CFS) =       4.03 

   PIPE TRAVEL TIME(MIN.) =   0.10    Tc(MIN.) =    5.46 

   LONGEST FLOWPATH FROM NODE     10.00 TO NODE     85.00 =     443.17 FEET. 

 

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

   FLOW PROCESS FROM NODE     60.00 TO NODE     60.00 IS CODE =  81 

 ---------------------------------------------------------------------------- 

   >>>>>ADDITION OF SUBAREA TO MAINLINE PEAK FLOW<<<<< 
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 ============================================================================ 

    100 YEAR RAINFALL INTENSITY(INCH/HOUR) =  7.965 

   *USER SPECIFIED(SUBAREA): 

   USER-SPECIFIED RUNOFF COEFFICIENT = .8000 

   S.C.S. CURVE NUMBER (AMC II) =   0 

   AREA-AVERAGE RUNOFF COEFFICIENT = 0.7695 

   SUBAREA AREA(ACRES) =    0.38   SUBAREA RUNOFF(CFS) =    2.42 

   TOTAL AREA(ACRES) =        1.0   TOTAL RUNOFF(CFS) =       6.39 

   TC(MIN.) =    5.46 

 

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

   FLOW PROCESS FROM NODE     70.00 TO NODE     70.00 IS CODE =  81 

 ---------------------------------------------------------------------------- 

   >>>>>ADDITION OF SUBAREA TO MAINLINE PEAK FLOW<<<<< 

 ============================================================================ 

    100 YEAR RAINFALL INTENSITY(INCH/HOUR) =  7.965 

   *USER SPECIFIED(SUBAREA): 

   USER-SPECIFIED RUNOFF COEFFICIENT = .8100 

   S.C.S. CURVE NUMBER (AMC II) =   0 

   AREA-AVERAGE RUNOFF COEFFICIENT = 0.7750 

   SUBAREA AREA(ACRES) =    0.17   SUBAREA RUNOFF(CFS) =    1.07 

   TOTAL AREA(ACRES) =        1.2   TOTAL RUNOFF(CFS) =       7.46 

   TC(MIN.) =    5.46 

 

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

   FLOW PROCESS FROM NODE     80.00 TO NODE     80.00 IS CODE =  81 

 ---------------------------------------------------------------------------- 

   >>>>>ADDITION OF SUBAREA TO MAINLINE PEAK FLOW<<<<< 

 ============================================================================ 

    100 YEAR RAINFALL INTENSITY(INCH/HOUR) =  7.965 

   *USER SPECIFIED(SUBAREA): 

   USER-SPECIFIED RUNOFF COEFFICIENT = .7900 

   S.C.S. CURVE NUMBER (AMC II) =   0 

   AREA-AVERAGE RUNOFF COEFFICIENT = 0.7785 

   SUBAREA AREA(ACRES) =    0.36   SUBAREA RUNOFF(CFS) =    2.27 

   TOTAL AREA(ACRES) =        1.6   TOTAL RUNOFF(CFS) =       9.73 

   TC(MIN.) =    5.46 

 

 +--------------------------------------------------------------------------+ 

 | 72-INCH CMP STORMWATER SYSTEM                                            | 

 |                                                                          | 

 |                                                                          | 

 +--------------------------------------------------------------------------+ 

 

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

   FLOW PROCESS FROM NODE     85.00 TO NODE     85.00 IS CODE =  10 

 ---------------------------------------------------------------------------- 

   >>>>>MAIN-STREAM MEMORY COPIED ONTO MEMORY BANK # 1 <<<<< 

 ============================================================================ 

 

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

   FLOW PROCESS FROM NODE     90.00 TO NODE    100.00 IS CODE =  21 

 ---------------------------------------------------------------------------- 

   >>>>>RATIONAL METHOD INITIAL SUBAREA ANALYSIS<<<<< 

 ============================================================================ 

   *USER SPECIFIED(SUBAREA): 

   USER-SPECIFIED RUNOFF COEFFICIENT = .8100 

   S.C.S. CURVE NUMBER (AMC II) =   0 

   INITIAL SUBAREA FLOW-LENGTH(FEET) =   100.00 

   UPSTREAM ELEVATION(FEET) =    443.70 

   DOWNSTREAM ELEVATION(FEET) =    442.10 

   ELEVATION DIFFERENCE(FEET) =      1.60 

   SUBAREA OVERLAND TIME OF FLOW(MIN.) =    3.967 

   WARNING: INITIAL SUBAREA FLOW PATH LENGTH IS GREATER THAN 
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            THE MAXIMUM OVERLAND FLOW LENGTH =    79.00 

            (Reference: Table 3-1B of Hydrology Manual) 

            THE MAXIMUM OVERLAND FLOW LENGTH IS USED IN Tc CALCULATION! 

    100 YEAR RAINFALL INTENSITY(INCH/HOUR) =  8.431 

   NOTE: RAINFALL INTENSITY IS BASED ON Tc = 5-MINUTE. 

   SUBAREA RUNOFF(CFS) =      0.78 

   TOTAL AREA(ACRES) =      0.11   TOTAL RUNOFF(CFS) =      0.78 

 

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

   FLOW PROCESS FROM NODE    100.00 TO NODE    110.00 IS CODE =  61 

 ---------------------------------------------------------------------------- 

   >>>>>COMPUTE STREET FLOW TRAVEL TIME THRU SUBAREA<<<<< 

   >>>>>(STANDARD CURB SECTION USED)<<<<< 

 ============================================================================ 

   UPSTREAM ELEVATION(FEET) =  442.10  DOWNSTREAM ELEVATION(FEET) =  440.46 

   STREET LENGTH(FEET) =   147.00   CURB HEIGHT(INCHES) =  6.0 

   STREET HALFWIDTH(FEET) = 24.00 

 

   DISTANCE FROM CROWN TO CROSSFALL GRADEBREAK(FEET) =   1.00 

   INSIDE STREET CROSSFALL(DECIMAL) =  0.020 

   OUTSIDE STREET CROSSFALL(DECIMAL)  =  0.020 

 

   SPECIFIED NUMBER OF HALFSTREETS CARRYING RUNOFF =  1 

   STREET PARKWAY CROSSFALL(DECIMAL)  =  0.020 

   Manning's FRICTION FACTOR for Streetflow Section(curb-to-curb) =   0.0140 

   Manning's FRICTION FACTOR for Back-of-Walk Flow Section =   0.0200 

 

     **TRAVEL TIME COMPUTED USING ESTIMATED FLOW(CFS) =       2.34 

     STREETFLOW MODEL RESULTS USING ESTIMATED FLOW: 

     STREET FLOW DEPTH(FEET) =  0.31 

     HALFSTREET FLOOD WIDTH(FEET) =    9.18 

     AVERAGE FLOW VELOCITY(FEET/SEC.) =    2.43 

     PRODUCT OF DEPTH&VELOCITY(FT*FT/SEC.) =    0.75 

   STREET FLOW TRAVEL TIME(MIN.) =   1.01   Tc(MIN.) =    4.98 

    100 YEAR RAINFALL INTENSITY(INCH/HOUR) =  8.431 

   NOTE: RAINFALL INTENSITY IS BASED ON Tc = 5-MINUTE. 

   *USER SPECIFIED(SUBAREA): 

   USER-SPECIFIED RUNOFF COEFFICIENT = .7300 

   S.C.S. CURVE NUMBER (AMC II) =   0 

   AREA-AVERAGE RUNOFF COEFFICIENT =  0.745 

   SUBAREA AREA(ACRES) =    0.51      SUBAREA RUNOFF(CFS) =    3.11 

   TOTAL AREA(ACRES) =        0.6        PEAK FLOW RATE(CFS) =       3.89 

 

   END OF SUBAREA STREET FLOW HYDRAULICS: 

   DEPTH(FEET) = 0.36   HALFSTREET FLOOD WIDTH(FEET) =  11.45 

   FLOW VELOCITY(FEET/SEC.) =  2.72   DEPTH*VELOCITY(FT*FT/SEC.) =   0.97 

   LONGEST FLOWPATH FROM NODE     90.00 TO NODE    110.00 =     247.00 FEET. 

 

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

   FLOW PROCESS FROM NODE    110.00 TO NODE    170.00 IS CODE =  41 

 ---------------------------------------------------------------------------- 

   >>>>>COMPUTE PIPE-FLOW TRAVEL TIME THRU SUBAREA<<<<< 

   >>>>>USING USER-SPECIFIED PIPESIZE (EXISTING ELEMENT)<<<<< 

 ============================================================================ 

   ELEVATION DATA: UPSTREAM(FEET) =   436.46  DOWNSTREAM(FEET) =   433.50 

   FLOW LENGTH(FEET) =    94.70   MANNING'S N =  0.013 

   DEPTH OF FLOW IN  12.0 INCH PIPE IS   7.1 INCHES 

   PIPE-FLOW VELOCITY(FEET/SEC.) =   8.10 

   GIVEN PIPE DIAMETER(INCH) =  12.00    NUMBER OF PIPES =   1 

   PIPE-FLOW(CFS) =       3.89 

   PIPE TRAVEL TIME(MIN.) =   0.19    Tc(MIN.) =    5.17 

   LONGEST FLOWPATH FROM NODE     90.00 TO NODE    170.00 =     341.70 FEET. 

 

 **************************************************************************** 
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   FLOW PROCESS FROM NODE    120.00 TO NODE    120.00 IS CODE =  81 

 ---------------------------------------------------------------------------- 

   >>>>>ADDITION OF SUBAREA TO MAINLINE PEAK FLOW<<<<< 

 ============================================================================ 

    100 YEAR RAINFALL INTENSITY(INCH/HOUR) =  8.251 

   *USER SPECIFIED(SUBAREA): 

   USER-SPECIFIED RUNOFF COEFFICIENT = .6900 

   S.C.S. CURVE NUMBER (AMC II) =   0 

   AREA-AVERAGE RUNOFF COEFFICIENT = 0.7299 

   SUBAREA AREA(ACRES) =    0.23   SUBAREA RUNOFF(CFS) =    1.32 

   TOTAL AREA(ACRES) =        0.9   TOTAL RUNOFF(CFS) =       5.12 

   TC(MIN.) =    5.17 

 

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

   FLOW PROCESS FROM NODE    130.00 TO NODE    130.00 IS CODE =  81 

 ---------------------------------------------------------------------------- 

   >>>>>ADDITION OF SUBAREA TO MAINLINE PEAK FLOW<<<<< 

 ============================================================================ 

    100 YEAR RAINFALL INTENSITY(INCH/HOUR) =  8.251 

   *USER SPECIFIED(SUBAREA): 

   USER-SPECIFIED RUNOFF COEFFICIENT = .6900 

   S.C.S. CURVE NUMBER (AMC II) =   0 

   AREA-AVERAGE RUNOFF COEFFICIENT = 0.7241 

   SUBAREA AREA(ACRES) =    0.14   SUBAREA RUNOFF(CFS) =    0.81 

   TOTAL AREA(ACRES) =        1.0   TOTAL RUNOFF(CFS) =       5.94 

   TC(MIN.) =    5.17 

 

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

   FLOW PROCESS FROM NODE    140.00 TO NODE    140.00 IS CODE =  81 

 ---------------------------------------------------------------------------- 

   >>>>>ADDITION OF SUBAREA TO MAINLINE PEAK FLOW<<<<< 

 ============================================================================ 

    100 YEAR RAINFALL INTENSITY(INCH/HOUR) =  8.251 

   *USER SPECIFIED(SUBAREA): 

   USER-SPECIFIED RUNOFF COEFFICIENT = .8300 

   S.C.S. CURVE NUMBER (AMC II) =   0 

   AREA-AVERAGE RUNOFF COEFFICIENT = 0.7469 

   SUBAREA AREA(ACRES) =    0.27   SUBAREA RUNOFF(CFS) =    1.87 

   TOTAL AREA(ACRES) =        1.3   TOTAL RUNOFF(CFS) =       7.81 

   TC(MIN.) =    5.17 

 

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

   FLOW PROCESS FROM NODE    150.00 TO NODE    150.00 IS CODE =  81 

 ---------------------------------------------------------------------------- 

   >>>>>ADDITION OF SUBAREA TO MAINLINE PEAK FLOW<<<<< 

 ============================================================================ 

    100 YEAR RAINFALL INTENSITY(INCH/HOUR) =  8.251 

   *USER SPECIFIED(SUBAREA): 

   USER-SPECIFIED RUNOFF COEFFICIENT = .6100 

   S.C.S. CURVE NUMBER (AMC II) =   0 

   AREA-AVERAGE RUNOFF COEFFICIENT = 0.7302 

   SUBAREA AREA(ACRES) =    0.18   SUBAREA RUNOFF(CFS) =    0.89 

   TOTAL AREA(ACRES) =        1.4   TOTAL RUNOFF(CFS) =       8.69 

   TC(MIN.) =    5.17 

 

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

   FLOW PROCESS FROM NODE    160.00 TO NODE    160.00 IS CODE =  81 

 ---------------------------------------------------------------------------- 

   >>>>>ADDITION OF SUBAREA TO MAINLINE PEAK FLOW<<<<< 

 ============================================================================ 

    100 YEAR RAINFALL INTENSITY(INCH/HOUR) =  8.251 

   *USER SPECIFIED(SUBAREA): 

   USER-SPECIFIED RUNOFF COEFFICIENT = .8200 

   S.C.S. CURVE NUMBER (AMC II) =   0 
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   AREA-AVERAGE RUNOFF COEFFICIENT = 0.7421 

   SUBAREA AREA(ACRES) =    0.22   SUBAREA RUNOFF(CFS) =    1.49 

   TOTAL AREA(ACRES) =        1.7   TOTAL RUNOFF(CFS) =      10.18 

   TC(MIN.) =    5.17 

 

 +--------------------------------------------------------------------------+ 

 | 72-INCH CMP STORMWATER SYSTEM                                            | 

 |                                                                          | 

 |                                                                          | 

 +--------------------------------------------------------------------------+ 

 

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

   FLOW PROCESS FROM NODE     85.00 TO NODE     85.00 IS CODE =  11 

 ---------------------------------------------------------------------------- 

   >>>>>CONFLUENCE MEMORY BANK # 1 WITH THE MAIN-STREAM MEMORY<<<<< 

 ============================================================================ 

 

   ** MAIN STREAM CONFLUENCE DATA ** 

   STREAM     RUNOFF      Tc      INTENSITY     AREA 

   NUMBER      (CFS)    (MIN.)   (INCH/HOUR)   (ACRE) 

       1       10.18     5.17       8.251        1.66 

   LONGEST FLOWPATH FROM NODE     90.00 TO NODE     85.00 =     341.70 FEET. 

 

   ** MEMORY BANK #  1 CONFLUENCE DATA ** 

   STREAM     RUNOFF      Tc      INTENSITY     AREA 

   NUMBER      (CFS)    (MIN.)   (INCH/HOUR)   (ACRE) 

       1        9.73     5.46       7.965        1.57 

   LONGEST FLOWPATH FROM NODE     10.00 TO NODE     85.00 =     443.17 FEET. 

 

   ** PEAK FLOW RATE TABLE ** 

   STREAM    RUNOFF       Tc      INTENSITY 

   NUMBER     (CFS)     (MIN.)   (INCH/HOUR) 

       1      19.40       5.17        8.251 

       2      19.56       5.46        7.965 

 

   COMPUTED CONFLUENCE ESTIMATES ARE AS FOLLOWS: 

   PEAK FLOW RATE(CFS) =      19.56   Tc(MIN.) =    5.46 

   TOTAL AREA(ACRES) =        3.2 

 

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

   FLOW PROCESS FROM NODE     85.00 TO NODE     85.00 IS CODE =  12 

 ---------------------------------------------------------------------------- 

   >>>>>CLEAR MEMORY BANK # 1 <<<<< 

 ============================================================================ 

 

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

   FLOW PROCESS FROM NODE    176.00 TO NODE    177.00 IS CODE =  41 

 ---------------------------------------------------------------------------- 

   >>>>>COMPUTE PIPE-FLOW TRAVEL TIME THRU SUBAREA<<<<< 

   >>>>>USING USER-SPECIFIED PIPESIZE (EXISTING ELEMENT)<<<<< 

 ============================================================================ 

   ELEVATION DATA: UPSTREAM(FEET) =   429.00  DOWNSTREAM(FEET) =   428.20 

   FLOW LENGTH(FEET) =    34.74   MANNING'S N =  0.013 

   ASSUME FULL-FLOWING PIPELINE 

   PIPE-FLOW VELOCITY(FEET/SEC.) =  11.07 

   PIPE FLOW VELOCITY = (TOTAL FLOW)/(PIPE CROSS SECTION AREA) 

   GIVEN PIPE DIAMETER(INCH) =  18.00    NUMBER OF PIPES =   1 

   PIPE-FLOW(CFS) =      19.56 

   PIPE TRAVEL TIME(MIN.) =   0.05    Tc(MIN.) =    5.51 

   LONGEST FLOWPATH FROM NODE     10.00 TO NODE    177.00 =     477.91 FEET. 

 

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

   FLOW PROCESS FROM NODE    177.00 TO NODE    177.00 IS CODE =   1 

 ---------------------------------------------------------------------------- 
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   >>>>>DESIGNATE INDEPENDENT STREAM FOR CONFLUENCE<<<<< 

 ============================================================================ 

   TOTAL NUMBER OF STREAMS =  2 

   CONFLUENCE VALUES USED FOR INDEPENDENT STREAM  1 ARE: 

   TIME OF CONCENTRATION(MIN.) =    5.51 

   RAINFALL INTENSITY(INCH/HR) =   7.92 

   TOTAL STREAM AREA(ACRES) =     3.23 

   PEAK FLOW RATE(CFS) AT CONFLUENCE =     19.56 

 

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

   FLOW PROCESS FROM NODE    180.00 TO NODE    190.00 IS CODE =  21 

 ---------------------------------------------------------------------------- 

   >>>>>RATIONAL METHOD INITIAL SUBAREA ANALYSIS<<<<< 

 ============================================================================ 

   *USER SPECIFIED(SUBAREA): 

   USER-SPECIFIED RUNOFF COEFFICIENT = .7900 

   S.C.S. CURVE NUMBER (AMC II) =   0 

   INITIAL SUBAREA FLOW-LENGTH(FEET) =    70.00 

   UPSTREAM ELEVATION(FEET) =    454.80 

   DOWNSTREAM ELEVATION(FEET) =    454.00 

   ELEVATION DIFFERENCE(FEET) =      0.80 

   SUBAREA OVERLAND TIME OF FLOW(MIN.) =    4.465 

    100 YEAR RAINFALL INTENSITY(INCH/HOUR) =  8.431 

   NOTE: RAINFALL INTENSITY IS BASED ON Tc = 5-MINUTE. 

   SUBAREA RUNOFF(CFS) =      0.31 

   TOTAL AREA(ACRES) =      0.05   TOTAL RUNOFF(CFS) =      0.31 

 

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

   FLOW PROCESS FROM NODE    190.00 TO NODE    200.00 IS CODE =  61 

 ---------------------------------------------------------------------------- 

   >>>>>COMPUTE STREET FLOW TRAVEL TIME THRU SUBAREA<<<<< 

   >>>>>(STANDARD CURB SECTION USED)<<<<< 

 ============================================================================ 

   UPSTREAM ELEVATION(FEET) =  454.00  DOWNSTREAM ELEVATION(FEET) =  436.00 

   STREET LENGTH(FEET) =   476.00   CURB HEIGHT(INCHES) =  6.0 

   STREET HALFWIDTH(FEET) = 20.00 

 

   DISTANCE FROM CROWN TO CROSSFALL GRADEBREAK(FEET) =   1.00 

   INSIDE STREET CROSSFALL(DECIMAL) =  0.020 

   OUTSIDE STREET CROSSFALL(DECIMAL)  =  0.020 

 

   SPECIFIED NUMBER OF HALFSTREETS CARRYING RUNOFF =  1 

   STREET PARKWAY CROSSFALL(DECIMAL)  =  0.020 

   Manning's FRICTION FACTOR for Streetflow Section(curb-to-curb) =   0.0140 

   Manning's FRICTION FACTOR for Back-of-Walk Flow Section =   0.0200 

 

     **TRAVEL TIME COMPUTED USING ESTIMATED FLOW(CFS) =       1.96 

     STREETFLOW MODEL RESULTS USING ESTIMATED FLOW: 

     STREET FLOW DEPTH(FEET) =  0.25 

     HALFSTREET FLOOD WIDTH(FEET) =    6.32 

     AVERAGE FLOW VELOCITY(FEET/SEC.) =    3.80 

     PRODUCT OF DEPTH&VELOCITY(FT*FT/SEC.) =    0.96 

   STREET FLOW TRAVEL TIME(MIN.) =   2.09   Tc(MIN.) =    6.56 

    100 YEAR RAINFALL INTENSITY(INCH/HOUR) =  7.080 

   *USER SPECIFIED(SUBAREA): 

   USER-SPECIFIED RUNOFF COEFFICIENT = .7800 

   S.C.S. CURVE NUMBER (AMC II) =   0 

   AREA-AVERAGE RUNOFF COEFFICIENT =  0.781 

   SUBAREA AREA(ACRES) =    0.60      SUBAREA RUNOFF(CFS) =    3.29 

   TOTAL AREA(ACRES) =        0.6        PEAK FLOW RATE(CFS) =       3.55 

 

   END OF SUBAREA STREET FLOW HYDRAULICS: 

   DEPTH(FEET) = 0.30   HALFSTREET FLOOD WIDTH(FEET) =   8.44 

   FLOW VELOCITY(FEET/SEC.) =  4.27   DEPTH*VELOCITY(FT*FT/SEC.) =   1.26 
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   LONGEST FLOWPATH FROM NODE    180.00 TO NODE    200.00 =     546.00 FEET. 

 

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

   FLOW PROCESS FROM NODE    200.00 TO NODE    210.00 IS CODE =  51 

 ---------------------------------------------------------------------------- 

   >>>>>COMPUTE TRAPEZOIDAL CHANNEL FLOW<<<<< 

   >>>>>TRAVELTIME THRU SUBAREA (EXISTING ELEMENT)<<<<< 

 ============================================================================ 

   ELEVATION DATA: UPSTREAM(FEET) =    436.00  DOWNSTREAM(FEET) =    428.50 

   CHANNEL LENGTH THRU SUBAREA(FEET) =   650.00   CHANNEL SLOPE =  0.0115 

   CHANNEL BASE(FEET) =   10.00   "Z" FACTOR =   2.000 

   MANNING'S FACTOR = 0.035   MAXIMUM DEPTH(FEET) =   5.00 

    100 YEAR RAINFALL INTENSITY(INCH/HOUR) =  4.557 

   *USER SPECIFIED(SUBAREA): 

   USER-SPECIFIED RUNOFF COEFFICIENT = .3500 

   S.C.S. CURVE NUMBER (AMC II) =   0 

   TRAVEL TIME COMPUTED USING ESTIMATED FLOW(CFS) =       4.13 

   TRAVEL TIME THRU SUBAREA BASED ON VELOCITY(FEET/SEC.) =   1.69 

   AVERAGE FLOW DEPTH(FEET) =   0.23   TRAVEL TIME(MIN.) =   6.42 

   Tc(MIN.) =   12.98 

   SUBAREA AREA(ACRES) =     0.70       SUBAREA RUNOFF(CFS) =    1.12 

   AREA-AVERAGE RUNOFF COEFFICIENT =  0.556 

   TOTAL AREA(ACRES) =        1.3         PEAK FLOW RATE(CFS) =       3.55 

 

   END OF SUBAREA CHANNEL FLOW HYDRAULICS: 

   DEPTH(FEET) =  0.22   FLOW VELOCITY(FEET/SEC.) =   1.57 

   LONGEST FLOWPATH FROM NODE    180.00 TO NODE    210.00 =    1196.00 FEET. 

 

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

   FLOW PROCESS FROM NODE    210.00 TO NODE    210.00 IS CODE =   1 

 ---------------------------------------------------------------------------- 

   >>>>>DESIGNATE INDEPENDENT STREAM FOR CONFLUENCE<<<<< 

   >>>>>AND COMPUTE VARIOUS CONFLUENCED STREAM VALUES<<<<< 

 ============================================================================ 

   TOTAL NUMBER OF STREAMS =  2 

   CONFLUENCE VALUES USED FOR INDEPENDENT STREAM  2 ARE: 

   TIME OF CONCENTRATION(MIN.) =   12.98 

   RAINFALL INTENSITY(INCH/HR) =   4.56 

   TOTAL STREAM AREA(ACRES) =     1.34 

   PEAK FLOW RATE(CFS) AT CONFLUENCE =      3.55 

 

   ** CONFLUENCE DATA ** 

   STREAM     RUNOFF       Tc      INTENSITY      AREA 

   NUMBER      (CFS)     (MIN.)   (INCH/HOUR)    (ACRE) 

       1       19.56     5.51        7.916          3.23 

       2        3.55    12.98        4.557          1.34 

 

   RAINFALL INTENSITY AND TIME OF CONCENTRATION RATIO 

   CONFLUENCE FORMULA USED FOR  2 STREAMS. 

 

   ** PEAK FLOW RATE TABLE ** 

   STREAM     RUNOFF      Tc      INTENSITY 

   NUMBER      (CFS)    (MIN.)   (INCH/HOUR) 

       1       21.07     5.51       7.916 

       2       14.81    12.98       4.557 

 

   COMPUTED CONFLUENCE ESTIMATES ARE AS FOLLOWS: 

   PEAK FLOW RATE(CFS) =      21.07   Tc(MIN.) =    5.51 

   TOTAL AREA(ACRES) =        4.6 

   LONGEST FLOWPATH FROM NODE    180.00 TO NODE    210.00 =    1196.00 FEET. 

 ============================================================================ 

   END OF STUDY SUMMARY: 

   TOTAL AREA(ACRES)     =        4.6  TC(MIN.) =      5.51 

   PEAK FLOW RATE(CFS)   =      21.07 
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 ============================================================================ 

 ============================================================================ 

   END OF RATIONAL METHOD ANALYSIS 
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____________________________________________________________________________ 

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

 

             RATIONAL METHOD HYDROLOGY COMPUTER PROGRAM PACKAGE 

             Reference: SAN DIEGO COUNTY FLOOD CONTROL DISTRICT 

                          2003,1985,1981 HYDROLOGY MANUAL 

          (c) Copyright 1982-2014 Advanced Engineering Software (aes) 

              Ver. 21.0 Release Date: 06/01/2014  License ID 1459 

 

                            Analysis prepared by: 

 

                                   BHA INC.                                   

                        5115 AVENIDA ENCINAS, SUITE L                         

                              CARLSBAD, CA 92008                              

                                                                              

 

  ************************** DESCRIPTION OF STUDY ************************** 

 * PROPOSED HYDROLOGY - DETAINED                                            * 

 *                                                                          * 

 *                                                                          * 

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

 

   FILE NAME: K:\HYDRO\1119\SDP\1119P1D.DAT                      

   TIME/DATE OF STUDY: 16:21 11/26/2021 

 ---------------------------------------------------------------------------- 

   USER SPECIFIED HYDROLOGY AND HYDRAULIC MODEL INFORMATION: 

 ---------------------------------------------------------------------------- 

   2003 SAN DIEGO MANUAL CRITERIA 

 

   USER SPECIFIED STORM EVENT(YEAR) = 100.00 

   6-HOUR DURATION PRECIPITATION (INCHES) =   3.200 

   SPECIFIED MINIMUM PIPE SIZE(INCH) =   4.00 

   SPECIFIED PERCENT OF GRADIENTS(DECIMAL) TO USE FOR FRICTION SLOPE = 0.90 

   SAN DIEGO HYDROLOGY MANUAL "C"-VALUES USED FOR RATIONAL METHOD 

   NOTE: USE MODIFIED RATIONAL METHOD PROCEDURES FOR CONFLUENCE ANALYSIS 

   *USER-DEFINED STREET-SECTIONS FOR COUPLED PIPEFLOW AND STREETFLOW MODEL* 

      HALF-  CROWN TO   STREET-CROSSFALL:   CURB  GUTTER-GEOMETRIES:  MANNING 

      WIDTH  CROSSFALL  IN-  / OUT-/PARK-  HEIGHT  WIDTH  LIP   HIKE  FACTOR 

 NO.   (FT)     (FT)    SIDE / SIDE/ WAY    (FT)    (FT)  (FT)  (FT)    (n) 

 ===  =====  =========  =================  ======  ===== ====== ===== ======= 

   1   30.0     20.0    0.018/0.018/0.020   0.67    2.00 0.0313 0.167 0.0150 

 

   GLOBAL STREET FLOW-DEPTH CONSTRAINTS: 

     1. Relative Flow-Depth =  0.00 FEET 

        as (Maximum Allowable Street Flow Depth) - (Top-of-Curb) 

     2. (Depth)*(Velocity) Constraint =  6.0 (FT*FT/S) 

   *SIZE PIPE WITH A FLOW CAPACITY GREATER THAN 

    OR EQUAL TO THE UPSTREAM TRIBUTARY PIPE.* 

 

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

   FLOW PROCESS FROM NODE     10.00 TO NODE     20.00 IS CODE =  21 

 ---------------------------------------------------------------------------- 

   >>>>>RATIONAL METHOD INITIAL SUBAREA ANALYSIS<<<<< 

 ============================================================================ 

   *USER SPECIFIED(SUBAREA): 

   USER-SPECIFIED RUNOFF COEFFICIENT = .8100 

   S.C.S. CURVE NUMBER (AMC II) =   0 

   INITIAL SUBAREA FLOW-LENGTH(FEET) =   100.00 

   UPSTREAM ELEVATION(FEET) =    443.70 

   DOWNSTREAM ELEVATION(FEET) =    442.15 

   ELEVATION DIFFERENCE(FEET) =      1.55 

   SUBAREA OVERLAND TIME OF FLOW(MIN.) =    3.990 

   WARNING: INITIAL SUBAREA FLOW PATH LENGTH IS GREATER THAN 

            THE MAXIMUM OVERLAND FLOW LENGTH =    78.25 
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            (Reference: Table 3-1B of Hydrology Manual) 

            THE MAXIMUM OVERLAND FLOW LENGTH IS USED IN Tc CALCULATION! 

    100 YEAR RAINFALL INTENSITY(INCH/HOUR) =  8.431 

   NOTE: RAINFALL INTENSITY IS BASED ON Tc = 5-MINUTE. 

   SUBAREA RUNOFF(CFS) =      0.78 

   TOTAL AREA(ACRES) =      0.11   TOTAL RUNOFF(CFS) =      0.78 

 

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

   FLOW PROCESS FROM NODE     20.00 TO NODE     30.00 IS CODE =  61 

 ---------------------------------------------------------------------------- 

   >>>>>COMPUTE STREET FLOW TRAVEL TIME THRU SUBAREA<<<<< 

   >>>>>(STANDARD CURB SECTION USED)<<<<< 

 ============================================================================ 

   UPSTREAM ELEVATION(FEET) =  442.15  DOWNSTREAM ELEVATION(FEET) =  440.81 

   STREET LENGTH(FEET) =    97.00   CURB HEIGHT(INCHES) =  6.0 

   STREET HALFWIDTH(FEET) = 24.00 

 

   DISTANCE FROM CROWN TO CROSSFALL GRADEBREAK(FEET) =   1.00 

   INSIDE STREET CROSSFALL(DECIMAL) =  0.020 

   OUTSIDE STREET CROSSFALL(DECIMAL)  =  0.020 

 

   SPECIFIED NUMBER OF HALFSTREETS CARRYING RUNOFF =  1 

   STREET PARKWAY CROSSFALL(DECIMAL)  =  0.020 

   Manning's FRICTION FACTOR for Streetflow Section(curb-to-curb) =   0.0140 

   Manning's FRICTION FACTOR for Back-of-Walk Flow Section =   0.0200 

 

     **TRAVEL TIME COMPUTED USING ESTIMATED FLOW(CFS) =       1.71 

     STREETFLOW MODEL RESULTS USING ESTIMATED FLOW: 

     STREET FLOW DEPTH(FEET) =  0.28 

     HALFSTREET FLOOD WIDTH(FEET) =    7.59 

     AVERAGE FLOW VELOCITY(FEET/SEC.) =    2.47 

     PRODUCT OF DEPTH&VELOCITY(FT*FT/SEC.) =    0.69 

   STREET FLOW TRAVEL TIME(MIN.) =   0.65   Tc(MIN.) =    4.64 

    100 YEAR RAINFALL INTENSITY(INCH/HOUR) =  8.431 

   NOTE: RAINFALL INTENSITY IS BASED ON Tc = 5-MINUTE. 

   *USER SPECIFIED(SUBAREA): 

   USER-SPECIFIED RUNOFF COEFFICIENT = .7400 

   S.C.S. CURVE NUMBER (AMC II) =   0 

   AREA-AVERAGE RUNOFF COEFFICIENT =  0.759 

   SUBAREA AREA(ACRES) =    0.30      SUBAREA RUNOFF(CFS) =    1.87 

   TOTAL AREA(ACRES) =        0.4        PEAK FLOW RATE(CFS) =       2.65 

 

   END OF SUBAREA STREET FLOW HYDRAULICS: 

   DEPTH(FEET) = 0.31   HALFSTREET FLOOD WIDTH(FEET) =   9.27 

   FLOW VELOCITY(FEET/SEC.) =  2.71   DEPTH*VELOCITY(FT*FT/SEC.) =   0.85 

   LONGEST FLOWPATH FROM NODE     10.00 TO NODE     30.00 =     197.00 FEET. 

 

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

   FLOW PROCESS FROM NODE     30.00 TO NODE     40.00 IS CODE =  41 

 ---------------------------------------------------------------------------- 

   >>>>>COMPUTE PIPE-FLOW TRAVEL TIME THRU SUBAREA<<<<< 

   >>>>>USING USER-SPECIFIED PIPESIZE (EXISTING ELEMENT)<<<<< 

 ============================================================================ 

   ELEVATION DATA: UPSTREAM(FEET) =   436.81  DOWNSTREAM(FEET) =   435.96 

   FLOW LENGTH(FEET) =    84.53   MANNING'S N =  0.013 

   DEPTH OF FLOW IN  12.0 INCH PIPE IS   8.0 INCHES 

   PIPE-FLOW VELOCITY(FEET/SEC.) =   4.77 

   GIVEN PIPE DIAMETER(INCH) =  12.00    NUMBER OF PIPES =   1 

   PIPE-FLOW(CFS) =       2.65 

   PIPE TRAVEL TIME(MIN.) =   0.30    Tc(MIN.) =    4.94 

   LONGEST FLOWPATH FROM NODE     10.00 TO NODE     40.00 =     281.53 FEET. 

 

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

   FLOW PROCESS FROM NODE     40.00 TO NODE     40.00 IS CODE =  81 
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 ---------------------------------------------------------------------------- 

   >>>>>ADDITION OF SUBAREA TO MAINLINE PEAK FLOW<<<<< 

 ============================================================================ 

    100 YEAR RAINFALL INTENSITY(INCH/HOUR) =  8.431 

   NOTE: RAINFALL INTENSITY IS BASED ON Tc = 5-MINUTE. 

   *USER SPECIFIED(SUBAREA): 

   USER-SPECIFIED RUNOFF COEFFICIENT = .7300 

   S.C.S. CURVE NUMBER (AMC II) =   0 

   AREA-AVERAGE RUNOFF COEFFICIENT = 0.7525 

   SUBAREA AREA(ACRES) =    0.12   SUBAREA RUNOFF(CFS) =    0.77 

   TOTAL AREA(ACRES) =        0.5   TOTAL RUNOFF(CFS) =       3.42 

   TC(MIN.) =    4.94 

 

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

   FLOW PROCESS FROM NODE     40.00 TO NODE     50.00 IS CODE =  41 

 ---------------------------------------------------------------------------- 

   >>>>>COMPUTE PIPE-FLOW TRAVEL TIME THRU SUBAREA<<<<< 

   >>>>>USING USER-SPECIFIED PIPESIZE (EXISTING ELEMENT)<<<<< 

 ============================================================================ 

   ELEVATION DATA: UPSTREAM(FEET) =   435.46  DOWNSTREAM(FEET) =   434.17 

   FLOW LENGTH(FEET) =   128.91   MANNING'S N =  0.013 

   DEPTH OF FLOW IN  18.0 INCH PIPE IS   7.3 INCHES 

   PIPE-FLOW VELOCITY(FEET/SEC.) =   5.11 

   GIVEN PIPE DIAMETER(INCH) =  18.00    NUMBER OF PIPES =   1 

   PIPE-FLOW(CFS) =       3.42 

   PIPE TRAVEL TIME(MIN.) =   0.42    Tc(MIN.) =    5.36 

   LONGEST FLOWPATH FROM NODE     10.00 TO NODE     50.00 =     410.44 FEET. 

 

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

   FLOW PROCESS FROM NODE     50.00 TO NODE     50.00 IS CODE =  81 

 ---------------------------------------------------------------------------- 

   >>>>>ADDITION OF SUBAREA TO MAINLINE PEAK FLOW<<<<< 

 ============================================================================ 

    100 YEAR RAINFALL INTENSITY(INCH/HOUR) =  8.061 

   *USER SPECIFIED(SUBAREA): 

   USER-SPECIFIED RUNOFF COEFFICIENT = .7500 

   S.C.S. CURVE NUMBER (AMC II) =   0 

   AREA-AVERAGE RUNOFF COEFFICIENT = 0.7520 

   SUBAREA AREA(ACRES) =    0.12   SUBAREA RUNOFF(CFS) =    0.76 

   TOTAL AREA(ACRES) =        0.7   TOTAL RUNOFF(CFS) =       4.03 

   TC(MIN.) =    5.36 

 

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

   FLOW PROCESS FROM NODE     50.00 TO NODE     85.00 IS CODE =  41 

 ---------------------------------------------------------------------------- 

   >>>>>COMPUTE PIPE-FLOW TRAVEL TIME THRU SUBAREA<<<<< 

   >>>>>USING USER-SPECIFIED PIPESIZE (EXISTING ELEMENT)<<<<< 

 ============================================================================ 

   ELEVATION DATA: UPSTREAM(FEET) =   433.84  DOWNSTREAM(FEET) =   433.50 

   FLOW LENGTH(FEET) =    32.73   MANNING'S N =  0.013 

   DEPTH OF FLOW IN  18.0 INCH PIPE IS   7.9 INCHES 

   PIPE-FLOW VELOCITY(FEET/SEC.) =   5.41 

   GIVEN PIPE DIAMETER(INCH) =  18.00    NUMBER OF PIPES =   1 

   PIPE-FLOW(CFS) =       4.03 

   PIPE TRAVEL TIME(MIN.) =   0.10    Tc(MIN.) =    5.46 

   LONGEST FLOWPATH FROM NODE     10.00 TO NODE     85.00 =     443.17 FEET. 

 

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

   FLOW PROCESS FROM NODE     60.00 TO NODE     60.00 IS CODE =  81 

 ---------------------------------------------------------------------------- 

   >>>>>ADDITION OF SUBAREA TO MAINLINE PEAK FLOW<<<<< 

 ============================================================================ 

    100 YEAR RAINFALL INTENSITY(INCH/HOUR) =  7.965 

   *USER SPECIFIED(SUBAREA): 
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   USER-SPECIFIED RUNOFF COEFFICIENT = .8000 

   S.C.S. CURVE NUMBER (AMC II) =   0 

   AREA-AVERAGE RUNOFF COEFFICIENT = 0.7695 

   SUBAREA AREA(ACRES) =    0.38   SUBAREA RUNOFF(CFS) =    2.42 

   TOTAL AREA(ACRES) =        1.0   TOTAL RUNOFF(CFS) =       6.39 

   TC(MIN.) =    5.46 

 

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

   FLOW PROCESS FROM NODE     70.00 TO NODE     70.00 IS CODE =  81 

 ---------------------------------------------------------------------------- 

   >>>>>ADDITION OF SUBAREA TO MAINLINE PEAK FLOW<<<<< 

 ============================================================================ 

    100 YEAR RAINFALL INTENSITY(INCH/HOUR) =  7.965 

   *USER SPECIFIED(SUBAREA): 

   USER-SPECIFIED RUNOFF COEFFICIENT = .8100 

   S.C.S. CURVE NUMBER (AMC II) =   0 

   AREA-AVERAGE RUNOFF COEFFICIENT = 0.7750 

   SUBAREA AREA(ACRES) =    0.17   SUBAREA RUNOFF(CFS) =    1.07 

   TOTAL AREA(ACRES) =        1.2   TOTAL RUNOFF(CFS) =       7.46 

   TC(MIN.) =    5.46 

 

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

   FLOW PROCESS FROM NODE     80.00 TO NODE     80.00 IS CODE =  81 

 ---------------------------------------------------------------------------- 

   >>>>>ADDITION OF SUBAREA TO MAINLINE PEAK FLOW<<<<< 

 ============================================================================ 

    100 YEAR RAINFALL INTENSITY(INCH/HOUR) =  7.965 

   *USER SPECIFIED(SUBAREA): 

   USER-SPECIFIED RUNOFF COEFFICIENT = .7900 

   S.C.S. CURVE NUMBER (AMC II) =   0 

   AREA-AVERAGE RUNOFF COEFFICIENT = 0.7785 

   SUBAREA AREA(ACRES) =    0.36   SUBAREA RUNOFF(CFS) =    2.27 

   TOTAL AREA(ACRES) =        1.6   TOTAL RUNOFF(CFS) =       9.73 

   TC(MIN.) =    5.46 

 

 +--------------------------------------------------------------------------+ 

 | 72-INCH CMP STORMWATER SYSTEM                                            | 

 |                                                                          | 

 |                                                                          | 

 +--------------------------------------------------------------------------+ 

 

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

   FLOW PROCESS FROM NODE     85.00 TO NODE     85.00 IS CODE =  10 

 ---------------------------------------------------------------------------- 

   >>>>>MAIN-STREAM MEMORY COPIED ONTO MEMORY BANK # 1 <<<<< 

 ============================================================================ 

 

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

   FLOW PROCESS FROM NODE     90.00 TO NODE    100.00 IS CODE =  21 

 ---------------------------------------------------------------------------- 

   >>>>>RATIONAL METHOD INITIAL SUBAREA ANALYSIS<<<<< 

 ============================================================================ 

   *USER SPECIFIED(SUBAREA): 

   USER-SPECIFIED RUNOFF COEFFICIENT = .8100 

   S.C.S. CURVE NUMBER (AMC II) =   0 

   INITIAL SUBAREA FLOW-LENGTH(FEET) =   100.00 

   UPSTREAM ELEVATION(FEET) =    443.70 

   DOWNSTREAM ELEVATION(FEET) =    442.10 

   ELEVATION DIFFERENCE(FEET) =      1.60 

   SUBAREA OVERLAND TIME OF FLOW(MIN.) =    3.967 

   WARNING: INITIAL SUBAREA FLOW PATH LENGTH IS GREATER THAN 

            THE MAXIMUM OVERLAND FLOW LENGTH =    79.00 

            (Reference: Table 3-1B of Hydrology Manual) 

            THE MAXIMUM OVERLAND FLOW LENGTH IS USED IN Tc CALCULATION! 
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    100 YEAR RAINFALL INTENSITY(INCH/HOUR) =  8.431 

   NOTE: RAINFALL INTENSITY IS BASED ON Tc = 5-MINUTE. 

   SUBAREA RUNOFF(CFS) =      0.78 

   TOTAL AREA(ACRES) =      0.11   TOTAL RUNOFF(CFS) =      0.78 

 

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

   FLOW PROCESS FROM NODE    100.00 TO NODE    110.00 IS CODE =  61 

 ---------------------------------------------------------------------------- 

   >>>>>COMPUTE STREET FLOW TRAVEL TIME THRU SUBAREA<<<<< 

   >>>>>(STANDARD CURB SECTION USED)<<<<< 

 ============================================================================ 

   UPSTREAM ELEVATION(FEET) =  442.10  DOWNSTREAM ELEVATION(FEET) =  440.46 

   STREET LENGTH(FEET) =   147.00   CURB HEIGHT(INCHES) =  6.0 

   STREET HALFWIDTH(FEET) = 24.00 

 

   DISTANCE FROM CROWN TO CROSSFALL GRADEBREAK(FEET) =   1.00 

   INSIDE STREET CROSSFALL(DECIMAL) =  0.020 

   OUTSIDE STREET CROSSFALL(DECIMAL)  =  0.020 

 

   SPECIFIED NUMBER OF HALFSTREETS CARRYING RUNOFF =  1 

   STREET PARKWAY CROSSFALL(DECIMAL)  =  0.020 

   Manning's FRICTION FACTOR for Streetflow Section(curb-to-curb) =   0.0140 

   Manning's FRICTION FACTOR for Back-of-Walk Flow Section =   0.0200 

 

     **TRAVEL TIME COMPUTED USING ESTIMATED FLOW(CFS) =       2.34 

     STREETFLOW MODEL RESULTS USING ESTIMATED FLOW: 

     STREET FLOW DEPTH(FEET) =  0.31 

     HALFSTREET FLOOD WIDTH(FEET) =    9.18 

     AVERAGE FLOW VELOCITY(FEET/SEC.) =    2.43 

     PRODUCT OF DEPTH&VELOCITY(FT*FT/SEC.) =    0.75 

   STREET FLOW TRAVEL TIME(MIN.) =   1.01   Tc(MIN.) =    4.98 

    100 YEAR RAINFALL INTENSITY(INCH/HOUR) =  8.431 

   NOTE: RAINFALL INTENSITY IS BASED ON Tc = 5-MINUTE. 

   *USER SPECIFIED(SUBAREA): 

   USER-SPECIFIED RUNOFF COEFFICIENT = .7300 

   S.C.S. CURVE NUMBER (AMC II) =   0 

   AREA-AVERAGE RUNOFF COEFFICIENT =  0.745 

   SUBAREA AREA(ACRES) =    0.51      SUBAREA RUNOFF(CFS) =    3.11 

   TOTAL AREA(ACRES) =        0.6        PEAK FLOW RATE(CFS) =       3.89 

 

   END OF SUBAREA STREET FLOW HYDRAULICS: 

   DEPTH(FEET) = 0.36   HALFSTREET FLOOD WIDTH(FEET) =  11.45 

   FLOW VELOCITY(FEET/SEC.) =  2.72   DEPTH*VELOCITY(FT*FT/SEC.) =   0.97 

   LONGEST FLOWPATH FROM NODE     90.00 TO NODE    110.00 =     247.00 FEET. 

 

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

   FLOW PROCESS FROM NODE    110.00 TO NODE    170.00 IS CODE =  41 

 ---------------------------------------------------------------------------- 

   >>>>>COMPUTE PIPE-FLOW TRAVEL TIME THRU SUBAREA<<<<< 

   >>>>>USING USER-SPECIFIED PIPESIZE (EXISTING ELEMENT)<<<<< 

 ============================================================================ 

   ELEVATION DATA: UPSTREAM(FEET) =   436.46  DOWNSTREAM(FEET) =   433.50 

   FLOW LENGTH(FEET) =    94.70   MANNING'S N =  0.013 

   DEPTH OF FLOW IN  12.0 INCH PIPE IS   7.1 INCHES 

   PIPE-FLOW VELOCITY(FEET/SEC.) =   8.10 

   GIVEN PIPE DIAMETER(INCH) =  12.00    NUMBER OF PIPES =   1 

   PIPE-FLOW(CFS) =       3.89 

   PIPE TRAVEL TIME(MIN.) =   0.19    Tc(MIN.) =    5.17 

   LONGEST FLOWPATH FROM NODE     90.00 TO NODE    170.00 =     341.70 FEET. 

 

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

   FLOW PROCESS FROM NODE    120.00 TO NODE    120.00 IS CODE =  81 

 ---------------------------------------------------------------------------- 

   >>>>>ADDITION OF SUBAREA TO MAINLINE PEAK FLOW<<<<< 
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 ============================================================================ 

    100 YEAR RAINFALL INTENSITY(INCH/HOUR) =  8.251 

   *USER SPECIFIED(SUBAREA): 

   USER-SPECIFIED RUNOFF COEFFICIENT = .6900 

   S.C.S. CURVE NUMBER (AMC II) =   0 

   AREA-AVERAGE RUNOFF COEFFICIENT = 0.7299 

   SUBAREA AREA(ACRES) =    0.23   SUBAREA RUNOFF(CFS) =    1.32 

   TOTAL AREA(ACRES) =        0.9   TOTAL RUNOFF(CFS) =       5.12 

   TC(MIN.) =    5.17 

 

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

   FLOW PROCESS FROM NODE    130.00 TO NODE    130.00 IS CODE =  81 

 ---------------------------------------------------------------------------- 

   >>>>>ADDITION OF SUBAREA TO MAINLINE PEAK FLOW<<<<< 

 ============================================================================ 

    100 YEAR RAINFALL INTENSITY(INCH/HOUR) =  8.251 

   *USER SPECIFIED(SUBAREA): 

   USER-SPECIFIED RUNOFF COEFFICIENT = .6900 

   S.C.S. CURVE NUMBER (AMC II) =   0 

   AREA-AVERAGE RUNOFF COEFFICIENT = 0.7241 

   SUBAREA AREA(ACRES) =    0.14   SUBAREA RUNOFF(CFS) =    0.81 

   TOTAL AREA(ACRES) =        1.0   TOTAL RUNOFF(CFS) =       5.94 

   TC(MIN.) =    5.17 

 

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

   FLOW PROCESS FROM NODE    140.00 TO NODE    140.00 IS CODE =  81 

 ---------------------------------------------------------------------------- 

   >>>>>ADDITION OF SUBAREA TO MAINLINE PEAK FLOW<<<<< 

 ============================================================================ 

    100 YEAR RAINFALL INTENSITY(INCH/HOUR) =  8.251 

   *USER SPECIFIED(SUBAREA): 

   USER-SPECIFIED RUNOFF COEFFICIENT = .8300 

   S.C.S. CURVE NUMBER (AMC II) =   0 

   AREA-AVERAGE RUNOFF COEFFICIENT = 0.7469 

   SUBAREA AREA(ACRES) =    0.27   SUBAREA RUNOFF(CFS) =    1.87 

   TOTAL AREA(ACRES) =        1.3   TOTAL RUNOFF(CFS) =       7.81 

   TC(MIN.) =    5.17 

 

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

   FLOW PROCESS FROM NODE    150.00 TO NODE    150.00 IS CODE =  81 

 ---------------------------------------------------------------------------- 

   >>>>>ADDITION OF SUBAREA TO MAINLINE PEAK FLOW<<<<< 

 ============================================================================ 

    100 YEAR RAINFALL INTENSITY(INCH/HOUR) =  8.251 

   *USER SPECIFIED(SUBAREA): 

   USER-SPECIFIED RUNOFF COEFFICIENT = .6100 

   S.C.S. CURVE NUMBER (AMC II) =   0 

   AREA-AVERAGE RUNOFF COEFFICIENT = 0.7302 

   SUBAREA AREA(ACRES) =    0.18   SUBAREA RUNOFF(CFS) =    0.89 

   TOTAL AREA(ACRES) =        1.4   TOTAL RUNOFF(CFS) =       8.69 

   TC(MIN.) =    5.17 

 

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

   FLOW PROCESS FROM NODE    160.00 TO NODE    160.00 IS CODE =  81 

 ---------------------------------------------------------------------------- 

   >>>>>ADDITION OF SUBAREA TO MAINLINE PEAK FLOW<<<<< 

 ============================================================================ 

    100 YEAR RAINFALL INTENSITY(INCH/HOUR) =  8.251 

   *USER SPECIFIED(SUBAREA): 

   USER-SPECIFIED RUNOFF COEFFICIENT = .8200 

   S.C.S. CURVE NUMBER (AMC II) =   0 

   AREA-AVERAGE RUNOFF COEFFICIENT = 0.7421 

   SUBAREA AREA(ACRES) =    0.22   SUBAREA RUNOFF(CFS) =    1.49 

   TOTAL AREA(ACRES) =        1.7   TOTAL RUNOFF(CFS) =      10.18 
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   TC(MIN.) =    5.17 

 

 +--------------------------------------------------------------------------+ 

 | 72-INCH CMP STORMWATER SYSTEM                                            | 

 |                                                                          | 

 |                                                                          | 

 +--------------------------------------------------------------------------+ 

 

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

   FLOW PROCESS FROM NODE     85.00 TO NODE     85.00 IS CODE =  11 

 ---------------------------------------------------------------------------- 

   >>>>>CONFLUENCE MEMORY BANK # 1 WITH THE MAIN-STREAM MEMORY<<<<< 

 ============================================================================ 

 

   ** MAIN STREAM CONFLUENCE DATA ** 

   STREAM     RUNOFF      Tc      INTENSITY     AREA 

   NUMBER      (CFS)    (MIN.)   (INCH/HOUR)   (ACRE) 

       1       10.18     5.17       8.251        1.66 

   LONGEST FLOWPATH FROM NODE     90.00 TO NODE     85.00 =     341.70 FEET. 

 

   ** MEMORY BANK #  1 CONFLUENCE DATA ** 

   STREAM     RUNOFF      Tc      INTENSITY     AREA 

   NUMBER      (CFS)    (MIN.)   (INCH/HOUR)   (ACRE) 

       1        9.73     5.46       7.965        1.57 

   LONGEST FLOWPATH FROM NODE     10.00 TO NODE     85.00 =     443.17 FEET. 

 

   ** PEAK FLOW RATE TABLE ** 

   STREAM    RUNOFF       Tc      INTENSITY 

   NUMBER     (CFS)     (MIN.)   (INCH/HOUR) 

       1      19.40       5.17        8.251 

       2      19.56       5.46        7.965 

 

   COMPUTED CONFLUENCE ESTIMATES ARE AS FOLLOWS: 

   PEAK FLOW RATE(CFS) =      19.56   Tc(MIN.) =    5.46 

   TOTAL AREA(ACRES) =        3.2 

 

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

   FLOW PROCESS FROM NODE     85.00 TO NODE     85.00 IS CODE =  12 

 ---------------------------------------------------------------------------- 

   >>>>>CLEAR MEMORY BANK # 1 <<<<< 

 ============================================================================ 

 

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

   FLOW PROCESS FROM NODE     85.00 TO NODE     85.00 IS CODE =   7 

 ---------------------------------------------------------------------------- 

   >>>>>USER SPECIFIED HYDROLOGY INFORMATION AT NODE<<<<< 

 ============================================================================ 

   USER-SPECIFIED VALUES ARE AS FOLLOWS: 

   TC(MIN) =  10.00   RAIN INTENSITY(INCH/HOUR) =  5.39 

   TOTAL AREA(ACRES) =     3.23   TOTAL RUNOFF(CFS) =      8.31 

 

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

   FLOW PROCESS FROM NODE    176.00 TO NODE    177.00 IS CODE =  41 

 ---------------------------------------------------------------------------- 

   >>>>>COMPUTE PIPE-FLOW TRAVEL TIME THRU SUBAREA<<<<< 

   >>>>>USING USER-SPECIFIED PIPESIZE (EXISTING ELEMENT)<<<<< 

 ============================================================================ 

   ELEVATION DATA: UPSTREAM(FEET) =   429.00  DOWNSTREAM(FEET) =   428.20 

   FLOW LENGTH(FEET) =    34.74   MANNING'S N =  0.013 

   DEPTH OF FLOW IN  18.0 INCH PIPE IS   9.5 INCHES 

   PIPE-FLOW VELOCITY(FEET/SEC.) =   8.76 

   GIVEN PIPE DIAMETER(INCH) =  18.00    NUMBER OF PIPES =   1 

   PIPE-FLOW(CFS) =       8.31 

   PIPE TRAVEL TIME(MIN.) =   0.07    Tc(MIN.) =   10.07 
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   LONGEST FLOWPATH FROM NODE     10.00 TO NODE    177.00 =     477.91 FEET. 

 

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

   FLOW PROCESS FROM NODE    177.00 TO NODE    177.00 IS CODE =   1 

 ---------------------------------------------------------------------------- 

   >>>>>DESIGNATE INDEPENDENT STREAM FOR CONFLUENCE<<<<< 

 ============================================================================ 

   TOTAL NUMBER OF STREAMS =  2 

   CONFLUENCE VALUES USED FOR INDEPENDENT STREAM  1 ARE: 

   TIME OF CONCENTRATION(MIN.) =   10.07 

   RAINFALL INTENSITY(INCH/HR) =   5.37 

   TOTAL STREAM AREA(ACRES) =     3.23 

   PEAK FLOW RATE(CFS) AT CONFLUENCE =      8.31 

 

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

   FLOW PROCESS FROM NODE    180.00 TO NODE    190.00 IS CODE =  21 

 ---------------------------------------------------------------------------- 

   >>>>>RATIONAL METHOD INITIAL SUBAREA ANALYSIS<<<<< 

 ============================================================================ 

   *USER SPECIFIED(SUBAREA): 

   USER-SPECIFIED RUNOFF COEFFICIENT = .7900 

   S.C.S. CURVE NUMBER (AMC II) =   0 

   INITIAL SUBAREA FLOW-LENGTH(FEET) =    70.00 

   UPSTREAM ELEVATION(FEET) =    454.80 

   DOWNSTREAM ELEVATION(FEET) =    454.00 

   ELEVATION DIFFERENCE(FEET) =      0.80 

   SUBAREA OVERLAND TIME OF FLOW(MIN.) =    4.465 

    100 YEAR RAINFALL INTENSITY(INCH/HOUR) =  8.431 

   NOTE: RAINFALL INTENSITY IS BASED ON Tc = 5-MINUTE. 

   SUBAREA RUNOFF(CFS) =      0.31 

   TOTAL AREA(ACRES) =      0.05   TOTAL RUNOFF(CFS) =      0.31 

 

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

   FLOW PROCESS FROM NODE    190.00 TO NODE    200.00 IS CODE =  61 

 ---------------------------------------------------------------------------- 

   >>>>>COMPUTE STREET FLOW TRAVEL TIME THRU SUBAREA<<<<< 

   >>>>>(STANDARD CURB SECTION USED)<<<<< 

 ============================================================================ 

   UPSTREAM ELEVATION(FEET) =  454.00  DOWNSTREAM ELEVATION(FEET) =  436.00 

   STREET LENGTH(FEET) =   476.00   CURB HEIGHT(INCHES) =  6.0 

   STREET HALFWIDTH(FEET) = 20.00 

 

   DISTANCE FROM CROWN TO CROSSFALL GRADEBREAK(FEET) =   1.00 

   INSIDE STREET CROSSFALL(DECIMAL) =  0.020 

   OUTSIDE STREET CROSSFALL(DECIMAL)  =  0.020 

 

   SPECIFIED NUMBER OF HALFSTREETS CARRYING RUNOFF =  1 

   STREET PARKWAY CROSSFALL(DECIMAL)  =  0.020 

   Manning's FRICTION FACTOR for Streetflow Section(curb-to-curb) =   0.0140 

   Manning's FRICTION FACTOR for Back-of-Walk Flow Section =   0.0200 

 

     **TRAVEL TIME COMPUTED USING ESTIMATED FLOW(CFS) =       1.96 

     STREETFLOW MODEL RESULTS USING ESTIMATED FLOW: 

     STREET FLOW DEPTH(FEET) =  0.25 

     HALFSTREET FLOOD WIDTH(FEET) =    6.32 

     AVERAGE FLOW VELOCITY(FEET/SEC.) =    3.80 

     PRODUCT OF DEPTH&VELOCITY(FT*FT/SEC.) =    0.96 

   STREET FLOW TRAVEL TIME(MIN.) =   2.09   Tc(MIN.) =    6.56 

    100 YEAR RAINFALL INTENSITY(INCH/HOUR) =  7.080 

   *USER SPECIFIED(SUBAREA): 

   USER-SPECIFIED RUNOFF COEFFICIENT = .7800 

   S.C.S. CURVE NUMBER (AMC II) =   0 

   AREA-AVERAGE RUNOFF COEFFICIENT =  0.781 

   SUBAREA AREA(ACRES) =    0.60      SUBAREA RUNOFF(CFS) =    3.29 
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   TOTAL AREA(ACRES) =        0.6        PEAK FLOW RATE(CFS) =       3.55 

 

   END OF SUBAREA STREET FLOW HYDRAULICS: 

   DEPTH(FEET) = 0.30   HALFSTREET FLOOD WIDTH(FEET) =   8.44 

   FLOW VELOCITY(FEET/SEC.) =  4.27   DEPTH*VELOCITY(FT*FT/SEC.) =   1.26 

   LONGEST FLOWPATH FROM NODE    180.00 TO NODE    200.00 =     546.00 FEET. 

 

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

   FLOW PROCESS FROM NODE    200.00 TO NODE    210.00 IS CODE =  51 

 ---------------------------------------------------------------------------- 

   >>>>>COMPUTE TRAPEZOIDAL CHANNEL FLOW<<<<< 

   >>>>>TRAVELTIME THRU SUBAREA (EXISTING ELEMENT)<<<<< 

 ============================================================================ 

   ELEVATION DATA: UPSTREAM(FEET) =    436.00  DOWNSTREAM(FEET) =    428.50 

   CHANNEL LENGTH THRU SUBAREA(FEET) =   650.00   CHANNEL SLOPE =  0.0115 

   CHANNEL BASE(FEET) =   10.00   "Z" FACTOR =   2.000 

   MANNING'S FACTOR = 0.035   MAXIMUM DEPTH(FEET) =   5.00 

    100 YEAR RAINFALL INTENSITY(INCH/HOUR) =  4.557 

   *USER SPECIFIED(SUBAREA): 

   USER-SPECIFIED RUNOFF COEFFICIENT = .3500 

   S.C.S. CURVE NUMBER (AMC II) =   0 

   TRAVEL TIME COMPUTED USING ESTIMATED FLOW(CFS) =       4.13 

   TRAVEL TIME THRU SUBAREA BASED ON VELOCITY(FEET/SEC.) =   1.69 

   AVERAGE FLOW DEPTH(FEET) =   0.23   TRAVEL TIME(MIN.) =   6.42 

   Tc(MIN.) =   12.98 

   SUBAREA AREA(ACRES) =     0.70       SUBAREA RUNOFF(CFS) =    1.12 

   AREA-AVERAGE RUNOFF COEFFICIENT =  0.556 

   TOTAL AREA(ACRES) =        1.3         PEAK FLOW RATE(CFS) =       3.55 

 

   END OF SUBAREA CHANNEL FLOW HYDRAULICS: 

   DEPTH(FEET) =  0.22   FLOW VELOCITY(FEET/SEC.) =   1.57 

   LONGEST FLOWPATH FROM NODE    180.00 TO NODE    210.00 =    1196.00 FEET. 

 

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

   FLOW PROCESS FROM NODE    210.00 TO NODE    210.00 IS CODE =   1 

 ---------------------------------------------------------------------------- 

   >>>>>DESIGNATE INDEPENDENT STREAM FOR CONFLUENCE<<<<< 

   >>>>>AND COMPUTE VARIOUS CONFLUENCED STREAM VALUES<<<<< 

 ============================================================================ 

   TOTAL NUMBER OF STREAMS =  2 

   CONFLUENCE VALUES USED FOR INDEPENDENT STREAM  2 ARE: 

   TIME OF CONCENTRATION(MIN.) =   12.98 

   RAINFALL INTENSITY(INCH/HR) =   4.56 

   TOTAL STREAM AREA(ACRES) =     1.34 

   PEAK FLOW RATE(CFS) AT CONFLUENCE =      3.55 

 

   ** CONFLUENCE DATA ** 

   STREAM     RUNOFF       Tc      INTENSITY      AREA 

   NUMBER      (CFS)     (MIN.)   (INCH/HOUR)    (ACRE) 

       1        8.31    10.07        5.369          3.23 

       2        3.55    12.98        4.557          1.34 

 

   RAINFALL INTENSITY AND TIME OF CONCENTRATION RATIO 

   CONFLUENCE FORMULA USED FOR  2 STREAMS. 

 

   ** PEAK FLOW RATE TABLE ** 

   STREAM     RUNOFF      Tc      INTENSITY 

   NUMBER      (CFS)    (MIN.)   (INCH/HOUR) 

       1       11.06    10.07       5.369 

       2       10.60    12.98       4.557 

 

   COMPUTED CONFLUENCE ESTIMATES ARE AS FOLLOWS: 

   PEAK FLOW RATE(CFS) =      11.06   Tc(MIN.) =   10.07 

   TOTAL AREA(ACRES) =        4.6 
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   LONGEST FLOWPATH FROM NODE    180.00 TO NODE    210.00 =    1196.00 FEET. 

 ============================================================================ 

   END OF STUDY SUMMARY: 

   TOTAL AREA(ACRES)     =        4.6  TC(MIN.) =     10.07 

   PEAK FLOW RATE(CFS)   =      11.06 

 ============================================================================ 

 ============================================================================ 

   END OF RATIONAL METHOD ANALYSIS 
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CHAPTER 3 

 

CALCULATIONS 

 
3.3 –Rip Rap Energy Dissipater Calculations 

 

 

Node

BMP 

No. Description

Pipe Size 

(in)

Q100      

(cfs)

V100       

(fps)

Rock Class 

(min)

T 

(min) Width Length

177 1

Rip Rap 

Dissipater 
1

18 8.31 8.7

No. 2 

Backing 1.1 ft 6 10

Notes: 1.  Rip Rap Energy Dissipater based on San Diego Regional Drawing D-40
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CHAPTER 4 

 

MODIFIED-PULS DETENTION ROUTING (HEC-HMS) 
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CHAPTER 4 

MODIFIED-PULS DETENTION ROUTING (HEC-HMS) 

 

4.1 – Rational Method Hydrographs 
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Q100yr =  19.56 cfs

Tc =  6 min

P6 100yr =  3.2 in

C = 0.76

A = 3.233

I = 7.44*P6*D
-0.645

VOL = I*D/60

∆VOL = V1 -V0

I (incr) = ∆VOL/T

Q = CIA

VOL = C*P6 *A

N D I VOL ∆VOL I (incr) Q VOL

(min) (in/hr) in (in) (in\hr) (cfs) (cf)

0 0 0 0 0.75 7.50 19.5600 7042 0.0000

1 6 7.50 0.75 0.21 2.09 5.1383 1850 0.4687

2 12 4.79 0.96 0.15 1.48 3.6468 1313 0.4739

3 18 3.69 1.11 0.12 1.19 2.9250 1053 0.4846

4 24 3.07 1.23 0.10 1.01 2.4837 894 0.4902

5 30 2.65 1.33 0.09 0.89 2.1805 785 0.5020

6 36 2.36 1.42 0.08 0.80 1.9570 705 0.5081

7 42 2.14 1.50 0.07 0.73 1.7840 642 0.5210

8 48 1.96 1.57 0.07 0.67 1.6453 592 0.5278

9 54 1.82 1.64 0.06 0.62 1.5312 551 0.5420

10 60 1.70 1.70 0.06 0.58 1.4354 517 0.5495

11 66 1.60 1.76 0.06 0.55 1.3535 487 0.5653

12 72 1.51 1.81 0.05 0.52 1.2826 462 0.5737

13 78 1.43 1.86 0.05 0.50 1.2204 439 0.5913

14 84 1.37 1.91 0.05 0.47 1.1654 420 0.6007

15 90 1.31 1.96 0.05 0.45 1.1163 402 0.6207

16 96 1.25 2.01 0.04 0.44 1.0722 386 0.6313

17 102 1.21 2.05 0.04 0.42 1.0322 372 0.6540

18 108 1.16 2.09 0.04 0.41 0.9958 359 0.6662

19 114 1.12 2.13 0.04 0.39 0.9626 347 0.6923

20 120 1.09 2.17 0.04 0.38 0.9320 336 0.7064

21 126 1.05 2.21 0.04 0.37 0.9038 325 0.7370

22 132 1.02 2.25 0.04 0.36 0.8777 316 0.7535

23 138 0.99 2.28 0.03 0.35 0.8534 307 0.7898

24 144 0.97 2.32 0.03 0.34 0.8308 299 0.8096

25 150 0.94 2.35 0.03 0.33 0.8096 291 0.8534

26 156 0.92 2.38 0.03 0.32 0.7898 284 0.8777

(Re-0rdered)      

Ordinate Sum =
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27 162 0.89 2.42 0.03 0.31 0.7711 278 0.9320

28 168 0.87 2.45 0.03 0.31 0.7535 271 0.9626

29 174 0.85 2.48 0.03 0.30 0.7370 265 1.0322

30 180 0.84 2.51 0.03 0.29 0.7213 260 1.0722

31 186 0.82 2.54 0.03 0.29 0.7064 254 1.1654

32 192 0.80 2.57 0.03 0.28 0.6923 249 1.2204

33 198 0.79 2.59 0.03 0.28 0.6789 244 1.3535

34 204 0.77 2.62 0.03 0.27 0.6662 240 1.4354

35 210 0.76 2.65 0.03 0.27 0.6540 235 1.6453

36 216 0.74 2.67 0.03 0.26 0.6424 231 1.7840

37 222 0.73 2.70 0.03 0.26 0.6313 227 2.1805

38 228 0.72 2.73 0.03 0.25 0.6207 223 2.4837

39 234 0.71 2.75 0.02 0.25 0.6105 220 3.6468

40 240 0.69 2.78 0.02 0.24 0.6007 216 5.1383

41 246 0.68 2.80 0.02 0.24 0.5913 213 19.5600

42 252 0.67 2.83 0.02 0.24 0.5823 210 2.9250

43 258 0.66 2.85 0.02 0.23 0.5737 207 1.9570

44 264 0.65 2.87 0.02 0.23 0.5653 204 1.5312

45 270 0.64 2.90 0.02 0.23 0.5573 201 1.2826

46 276 0.63 2.92 0.02 0.22 0.5495 198 1.1163

47 282 0.63 2.94 0.02 0.22 0.5420 195 0.9958

48 288 0.62 2.96 0.02 0.22 0.5348 193 0.9038

49 294 0.61 2.98 0.02 0.21 0.5278 190 0.8308

50 300 0.60 3.01 0.02 0.21 0.5210 188 0.7711

51 306 0.59 3.03 0.02 0.21 0.5145 185 0.7213

52 312 0.59 3.05 0.02 0.21 0.5081 183 0.6789

53 318 0.58 3.07 0.02 0.20 0.5020 181 0.6424

54 324 0.57 3.09 0.02 0.20 0.4960 179 0.6105

55 330 0.57 3.11 0.02 0.20 0.4902 176 0.5823

56 336 0.56 3.13 0.02 0.20 0.4846 174 0.5573

57 342 0.55 3.15 0.02 0.20 0.4792 172 0.5348

58 348 0.55 3.17 0.02 0.19 0.4739 171 0.5145

59 354 0.54 3.19 0.02 0.19 0.4687 169 0.4960

60 360 0.53 3.21 0.00 0.00 0.0000 0 0.0000  
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Outlet Structure for Discharge of BMP 1

Discharge vs. Elevation Table

Lower Slot Emergency Slot

No. of slots: 1 No. of slots: 1

Invert: 0.000 ft Invert: 2.000 ft

B (width): 1.833 ft B (width): 1.750 ft

Area: 0.458 sf Area: 1.750 sf

hslot (height): 0.250 ft hslot (height): 1.000 ft

Cg-low: 0.62 Cg-low: 0.62

Middle Slot Upper slot

No. of slots: 1 No. of slots: 1

Invert: 0.750 ft Invert: 1.500 ft

B (width): 1.333 ft B (width): 0.250 ft

Area: 0.333 sf Area: 0.146 sf

hslot (height): 0.250 ft hslot (height): 0.583 ft

Cg-low: 0.62 Cg-low: 0.62

Flow Depth Adj. Flow Depth HMP Vol QLower Slot Q-Middle Slot QUpper-Slot Qemerg Slot Qtot

(ft) (ft) (acre-ft) (cfs) (cfs) (cfs) (cfs) (cfs)

0.000 0.000 0.00000 0.000 0.000 0.000 0.000 0.067

0.083 0.000 0.00145 0.000 0.000 0.000 0.000 0.067

0.167 0.000 0.00410 0.000 0.000 0.000 0.000 0.067

0.250 0.000 0.00750 0.000 0.000 0.000 0.000 0.067

0.333 0.000 0.01149 0.000 0.000 0.000 0.000 0.067

0.417 0.000 0.01599 0.000 0.000 0.000 0.000 0.067

0.500 0.000 0.02093 0.000 0.000 0.000 0.000 0.067

0.583 0.000 0.02625 0.000 0.000 0.000 0.000 0.067

0.667 0.000 0.03193 0.000 0.000 0.000 0.000 0.067

0.750 0.000 0.03793 0.000 0.000 0.000 0.000 0.067

0.833 0.000 0.04422 0.000 0.000 0.000 0.000 0.067

0.917 0.000 0.05079 0.000 0.000 0.000 0.000 0.067

1.000 0.000 0.05760 0.000 0.000 0.000 0.000 0.067

1.083 0.000 0.06464 0.000 0.000 0.000 0.000 0.067

1.167 0.000 0.07190 0.000 0.000 0.000 0.000 0.067

1.250 0.000 0.07935 0.000 0.000 0.000 0.000 0.067

1.333 0.000 0.08700 0.000 0.000 0.000 0.000 0.067

1.417 0.000 0.09481 0.000 0.000 0.000 0.000 0.067

1.500 0.000 0.10279 0.000 0.000 0.000 0.000 0.067

1.583 0.000 0.11091 0.000 0.000 0.000 0.000 0.067

1.667 0.000 0.11917 0.000 0.000 0.000 0.000 0.067

1.750 0.000 0.12757 0.000 0.000 0.000 0.000 0.067

1.833 0.000 0.13608 0.000 0.000 0.000 0.000 0.067

1.917 0.000 0.14469 0.000 0.000 0.000 0.000 0.067

2.000 0.000 0.15341 0.000 0.000 0.000 0.000 0.067

2.083 0.000 0.16222 0.000 0.000 0.000 0.000 0.067

2.167 0.000 0.17112 0.000 0.000 0.000 0.000 0.067

2.250 0.000 0.18008 0.000 0.000 0.000 0.000 0.067

2.333 0.000 0.18912 0.000 0.000 0.000 0.000 0.067

2.417 0.000 0.19821 0.000 0.000 0.000 0.000 0.067

2.500 0.000 0.20736 0.000 0.000 0.000 0.000 0.067

2.583 0.000 0.21654 0.000 0.000 0.000 0.000 0.067

2.667 0.000 0.22577 0.000 0.000 0.000 0.000 0.067

2.750 0.000 0.23502 0.000 0.000 0.000 0.000 0.067

HMP Elevation-Storage-Discharge
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2.833 0.333 0.24430 0.531 0.000 0.000 0.000 0.531

2.917 0.417 0.25358 0.594 0.000 0.000 0.000 0.594

3.000 0.500 0.26288 0.650 0.000 0.000 0.000 0.650

3.083 0.583 0.27218 0.702 0.000 0.000 0.000 0.702

3.167 0.667 0.28147 0.751 0.000 0.000 0.000 0.751

3.250 0.750 0.29074 0.796 0.000 0.000 0.000 0.796

3.333 0.833 0.29999 0.839 0.337 0.000 0.000 1.176

3.417 0.917 0.30922 0.880 0.476 0.000 0.000 1.357

3.500 1.000 0.31841 0.920 0.583 0.000 0.000 1.503

3.583 1.083 0.32755 0.957 0.942 0.000 0.000 1.900

3.667 1.167 0.33664 0.993 1.057 0.000 0.000 2.050

3.750 1.250 0.34568 1.028 1.160 0.000 0.000 2.189

3.833 1.333 0.35465 1.062 1.255 0.000 0.000 2.317

3.917 1.417 0.36354 1.094 1.344 0.000 0.000 2.438

4.000 1.500 0.37235 1.126 1.426 0.000 0.000 2.552

4.083 1.583 0.38107 1.157 1.504 0.147 0.000 2.809

4.167 1.667 0.38969 1.187 1.579 0.208 0.000 2.974

4.250 1.750 0.39820 1.216 1.650 0.255 0.000 3.121

4.333 1.833 0.40659 1.245 1.718 0.295 0.000 3.258

4.417 1.917 0.41485 1.273 1.783 0.329 0.000 3.386

4.500 2.000 0.42298 1.300 1.847 0.361 0.000 3.508

4.583 2.083 0.43095 1.327 1.908 0.390 1.768 5.393

4.667 2.167 0.43877 1.354 1.967 0.582 2.501 6.402

4.750 2.250 0.44641 1.379 2.024 0.618 3.063 7.084

4.833 2.333 0.45386 1.405 2.080 0.653 3.536 7.674

4.917 2.417 0.46112 1.429 2.134 0.685 3.954 8.203

5.000 2.500 0.46816 1.454 2.187 0.717 4.331 8.689

5.083 2.583 0.47498 1.478 2.239 0.747 6.408 10.872

5.167 2.667 0.48154 1.502 2.290 0.776 6.884 11.450

5.250 2.750 0.48783 1.525 2.339 0.803 7.328 11.996

5.333 2.833 0.49383 1.548 2.388 0.830 7.747 12.513

5.417 2.917 0.49951 1.570 2.435 0.856 8.145 13.007

5.500 3.000 0.50484 1.593 2.482 0.881 8.524 13.480

5.583 3.083 0.50977 1.615 2.528 0.906 8.887 13.935

5.667 3.167 0.51427 1.636 2.573 0.930 9.235 14.374

5.750 3.250 0.51827 1.658 2.617 0.953 9.571 14.799

5.833 3.333 0.52166 1.679 2.660 0.976 9.896 15.211

5.917 3.417 0.52431 1.700 2.703 0.998 10.210 15.611

6.000 3.500 0.52576 1.720 2.745 1.020 10.515 16.000  
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Flow Depth Storage Flow

(ft) (ac-ft) (cfs)

0.00 0.000 0.067

0.08 0.001 0.067

0.17 0.004 0.067

0.25 0.007 0.067

0.33 0.011 0.067

0.42 0.016 0.067

0.50 0.021 0.067

0.58 0.026 0.067

0.67 0.032 0.067

0.75 0.038 0.067

0.83 0.044 0.067

0.92 0.051 0.067

1.00 0.058 0.067

1.08 0.065 0.067

1.17 0.072 0.067

1.25 0.079 0.067

1.33 0.087 0.067

1.42 0.095 0.067

1.50 0.103 0.067

1.58 0.111 0.067

1.67 0.119 0.067

1.75 0.128 0.067

1.83 0.136 0.067

1.92 0.145 0.067

2.00 0.153 0.067

2.08 0.162 0.067

2.17 0.171 0.067

2.25 0.180 0.067

2.33 0.189 0.067

2.42 0.198 0.067

2.50 0.207 0.067

2.58 0.217 0.067

2.67 0.226 0.067

2.75 0.235 0.067

2.83 0.244 0.531

2.92 0.254 0.594

3.00 0.263 0.650

3.08 0.272 0.702

3.17 0.281 0.751

3.25 0.291 0.796

3.33 0.300 1.176

3.42 0.309 1.357

3.50 0.318 1.503

3.58 0.328 1.900

3.67 0.337 2.050

3.75 0.346 2.189

3.83 0.355 2.317

3.92 0.364 2.438

4.00 0.372 2.552

4.08 0.381 2.809

4.17 0.390 2.974

4.25 0.398 3.121

4.33 0.407 3.258

4.42 0.415 3.386

4.50 0.423 3.508

4.58 0.431 5.393

4.67 0.439 6.402

4.75 0.446 7.084

4.83 0.454 7.674

4.92 0.461 8.203

5.00 0.468 8.689

5.08 0.475 10.872

5.17 0.482 11.450

5.25 0.488 11.996

5.33 0.494 12.513

5.42 0.500 13.007

5.50 0.505 13.480

5.58 0.510 13.935

5.67 0.514 14.374

5.75 0.518 14.799

5.83 0.522 15.211

5.92 0.524 15.611

6.00 0.526 16.000  
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CHAPTER 4    

    

MODIFIED-PULS DETENTION ROUTING (HEC-HMS)    

    
4.3 – 72-inch CMP Stormwater System 
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CHAPTER 4    

    

MODIFIED-PULS DETENTION ROUTING (HEC-HMS)    

    
4.4 – HEC-HMS Modified-Puls Routing Results 
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CHAPTER 5    

    

FLOOD INUNDATION ANALYSES (HEC-RAS)    
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CHAPTER 5    

    

FLOOD INUNDATION ANALYSES (HEC-RAS)    

    
5.1 – HEC-RAS Hydrology Calculations 
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 **************************************************************************** 

 

             RATIONAL METHOD HYDROLOGY COMPUTER PROGRAM PACKAGE 

             Reference: SAN DIEGO COUNTY FLOOD CONTROL DISTRICT 

                          2003,1985,1981 HYDROLOGY MANUAL 

          (c) Copyright 1982-2014 Advanced Engineering Software (aes) 

              Ver. 21.0 Release Date: 06/01/2014  License ID 1459 

 

                            Analysis prepared by: 

 

                                   BHA INC.                                   

                        5115 AVENIDA ENCINAS, SUITE L                         

                              CARLSBAD, CA 92008                              

                                                                              

 

  ************************** DESCRIPTION OF STUDY ************************** 

 * HEC-RAS HYDROLOGY - 100 YEAR                                             * 

 *                                                                          * 

 *                                                                          * 

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

 

   FILE NAME: K:\HYDRO\1119\SDP\1119-EX.DAT                      

   TIME/DATE OF STUDY: 15:38 11/26/2021 

 ---------------------------------------------------------------------------- 

   USER SPECIFIED HYDROLOGY AND HYDRAULIC MODEL INFORMATION: 

 ---------------------------------------------------------------------------- 

   2003 SAN DIEGO MANUAL CRITERIA 

 

   USER SPECIFIED STORM EVENT(YEAR) = 100.00 

   6-HOUR DURATION PRECIPITATION (INCHES) =   3.200 

   SPECIFIED MINIMUM PIPE SIZE(INCH) =  18.00 

   SPECIFIED PERCENT OF GRADIENTS(DECIMAL) TO USE FOR FRICTION SLOPE = 0.90 

   SAN DIEGO HYDROLOGY MANUAL "C"-VALUES USED FOR RATIONAL METHOD 

   NOTE: USE MODIFIED RATIONAL METHOD PROCEDURES FOR CONFLUENCE ANALYSIS 

   *USER-DEFINED STREET-SECTIONS FOR COUPLED PIPEFLOW AND STREETFLOW MODEL* 

      HALF-  CROWN TO   STREET-CROSSFALL:   CURB  GUTTER-GEOMETRIES:  MANNING 

      WIDTH  CROSSFALL  IN-  / OUT-/PARK-  HEIGHT  WIDTH  LIP   HIKE  FACTOR 

 NO.   (FT)     (FT)    SIDE / SIDE/ WAY    (FT)    (FT)  (FT)  (FT)    (n) 

 ===  =====  =========  =================  ======  ===== ====== ===== ======= 

   1   30.0     20.0    0.018/0.018/0.020   0.67    2.00 0.0313 0.167 0.0150 

 

   GLOBAL STREET FLOW-DEPTH CONSTRAINTS: 

     1. Relative Flow-Depth =  0.00 FEET 

        as (Maximum Allowable Street Flow Depth) - (Top-of-Curb) 

     2. (Depth)*(Velocity) Constraint =  6.0 (FT*FT/S) 

   *SIZE PIPE WITH A FLOW CAPACITY GREATER THAN 

    OR EQUAL TO THE UPSTREAM TRIBUTARY PIPE.* 

 

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

   FLOW PROCESS FROM NODE     10.00 TO NODE     20.00 IS CODE =  21 

 ---------------------------------------------------------------------------- 

   >>>>>RATIONAL METHOD INITIAL SUBAREA ANALYSIS<<<<< 

 ============================================================================ 

   *USER SPECIFIED(SUBAREA): 

   RESIDENTIAL (1. DU/AC OR LESS) RUNOFF COEFFICIENT = .5000 

   S.C.S. CURVE NUMBER (AMC II) =   0 

   INITIAL SUBAREA FLOW-LENGTH(FEET) =   100.00 

   UPSTREAM ELEVATION(FEET) =    697.00 

   DOWNSTREAM ELEVATION(FEET) =    695.00 

   ELEVATION DIFFERENCE(FEET) =      2.00 

   SUBAREA OVERLAND TIME OF FLOW(MIN.) =    7.903 

   WARNING: INITIAL SUBAREA FLOW PATH LENGTH IS GREATER THAN 

            THE MAXIMUM OVERLAND FLOW LENGTH =    85.00 

            (Reference: Table 3-1B of Hydrology Manual) 
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            THE MAXIMUM OVERLAND FLOW LENGTH IS USED IN Tc CALCULATION! 

    100 YEAR RAINFALL INTENSITY(INCH/HOUR) =  6.275 

   SUBAREA RUNOFF(CFS) =      0.88 

   TOTAL AREA(ACRES) =      0.28   TOTAL RUNOFF(CFS) =      0.88 

 

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

   FLOW PROCESS FROM NODE     20.00 TO NODE     50.00 IS CODE =  51 

 ---------------------------------------------------------------------------- 

   >>>>>COMPUTE TRAPEZOIDAL CHANNEL FLOW<<<<< 

   >>>>>TRAVELTIME THRU SUBAREA (EXISTING ELEMENT)<<<<< 

 ============================================================================ 

   ELEVATION DATA: UPSTREAM(FEET) =    695.00  DOWNSTREAM(FEET) =    458.50 

   CHANNEL LENGTH THRU SUBAREA(FEET) =  3800.00   CHANNEL SLOPE =  0.0622 

   CHANNEL BASE(FEET) =   32.00   "Z" FACTOR =   2.000 

   MANNING'S FACTOR = 0.035   MAXIMUM DEPTH(FEET) =   5.00 

    100 YEAR RAINFALL INTENSITY(INCH/HOUR) =  3.938 

   *USER SPECIFIED(SUBAREA): 

   RESIDENTIAL (1. DU/AC OR LESS) RUNOFF COEFFICIENT = .5000 

   S.C.S. CURVE NUMBER (AMC II) =   0 

   TRAVEL TIME COMPUTED USING ESTIMATED FLOW(CFS) =     160.03 

   TRAVEL TIME THRU SUBAREA BASED ON VELOCITY(FEET/SEC.) =   7.56 

   AVERAGE FLOW DEPTH(FEET) =   0.64   TRAVEL TIME(MIN.) =   8.38 

   Tc(MIN.) =   16.28 

   SUBAREA AREA(ACRES) =   153.67       SUBAREA RUNOFF(CFS) =  302.54 

   AREA-AVERAGE RUNOFF COEFFICIENT =  0.500 

   TOTAL AREA(ACRES) =      153.9         PEAK FLOW RATE(CFS) =     303.09 

 

   END OF SUBAREA CHANNEL FLOW HYDRAULICS: 

   DEPTH(FEET) =  0.93   FLOW VELOCITY(FEET/SEC.) =   9.65 

   LONGEST FLOWPATH FROM NODE     10.00 TO NODE     50.00 =    3900.00 FEET. 

 

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

   FLOW PROCESS FROM NODE     50.00 TO NODE     50.00 IS CODE =   1 

 ---------------------------------------------------------------------------- 

   >>>>>DESIGNATE INDEPENDENT STREAM FOR CONFLUENCE<<<<< 

 ============================================================================ 

   TOTAL NUMBER OF STREAMS =  2 

   CONFLUENCE VALUES USED FOR INDEPENDENT STREAM  1 ARE: 

   TIME OF CONCENTRATION(MIN.) =   16.28 

   RAINFALL INTENSITY(INCH/HR) =   3.94 

   TOTAL STREAM AREA(ACRES) =   153.95 

   PEAK FLOW RATE(CFS) AT CONFLUENCE =    303.09 

 

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

   FLOW PROCESS FROM NODE     30.00 TO NODE     40.00 IS CODE =  21 

 ---------------------------------------------------------------------------- 

   >>>>>RATIONAL METHOD INITIAL SUBAREA ANALYSIS<<<<< 

 ============================================================================ 

   *USER SPECIFIED(SUBAREA): 

   RESIDENTIAL (1. DU/AC OR LESS) RUNOFF COEFFICIENT = .5000 

   S.C.S. CURVE NUMBER (AMC II) =   0 

   INITIAL SUBAREA FLOW-LENGTH(FEET) =   100.00 

   UPSTREAM ELEVATION(FEET) =    727.00 

   DOWNSTREAM ELEVATION(FEET) =    725.00 

   ELEVATION DIFFERENCE(FEET) =      2.00 

   SUBAREA OVERLAND TIME OF FLOW(MIN.) =    7.903 

   WARNING: INITIAL SUBAREA FLOW PATH LENGTH IS GREATER THAN 

            THE MAXIMUM OVERLAND FLOW LENGTH =    85.00 

            (Reference: Table 3-1B of Hydrology Manual) 

            THE MAXIMUM OVERLAND FLOW LENGTH IS USED IN Tc CALCULATION! 

    100 YEAR RAINFALL INTENSITY(INCH/HOUR) =  6.275 

   SUBAREA RUNOFF(CFS) =      1.22 

   TOTAL AREA(ACRES) =      0.39   TOTAL RUNOFF(CFS) =      1.22 
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 **************************************************************************** 

   FLOW PROCESS FROM NODE     40.00 TO NODE     50.00 IS CODE =  51 

 ---------------------------------------------------------------------------- 

   >>>>>COMPUTE TRAPEZOIDAL CHANNEL FLOW<<<<< 

   >>>>>TRAVELTIME THRU SUBAREA (EXISTING ELEMENT)<<<<< 

 ============================================================================ 

   ELEVATION DATA: UPSTREAM(FEET) =    725.00  DOWNSTREAM(FEET) =    458.50 

   CHANNEL LENGTH THRU SUBAREA(FEET) =  2200.00   CHANNEL SLOPE =  0.1211 

   CHANNEL BASE(FEET) =   32.00   "Z" FACTOR =   2.000 

   MANNING'S FACTOR = 0.035   MAXIMUM DEPTH(FEET) =   5.00 

    100 YEAR RAINFALL INTENSITY(INCH/HOUR) =  4.042 

   *USER SPECIFIED(SUBAREA): 

   RESIDENTIAL (1. DU/AC OR LESS) RUNOFF COEFFICIENT = .5000 

   S.C.S. CURVE NUMBER (AMC II) =   0 

   TRAVEL TIME COMPUTED USING ESTIMATED FLOW(CFS) =      28.57 

   TRAVEL TIME THRU SUBAREA BASED ON VELOCITY(FEET/SEC.) =   4.75 

   AVERAGE FLOW DEPTH(FEET) =   0.19   TRAVEL TIME(MIN.) =   7.73 

   Tc(MIN.) =   15.63 

   SUBAREA AREA(ACRES) =    25.85       SUBAREA RUNOFF(CFS) =   52.25 

   AREA-AVERAGE RUNOFF COEFFICIENT =  0.500 

   TOTAL AREA(ACRES) =       26.2         PEAK FLOW RATE(CFS) =      53.03 

 

   END OF SUBAREA CHANNEL FLOW HYDRAULICS: 

   DEPTH(FEET) =  0.27   FLOW VELOCITY(FEET/SEC.) =   6.04 

   LONGEST FLOWPATH FROM NODE     30.00 TO NODE     50.00 =    2300.00 FEET. 

 

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

   FLOW PROCESS FROM NODE     50.00 TO NODE     50.00 IS CODE =   1 

 ---------------------------------------------------------------------------- 

   >>>>>DESIGNATE INDEPENDENT STREAM FOR CONFLUENCE<<<<< 

   >>>>>AND COMPUTE VARIOUS CONFLUENCED STREAM VALUES<<<<< 

 ============================================================================ 

   TOTAL NUMBER OF STREAMS =  2 

   CONFLUENCE VALUES USED FOR INDEPENDENT STREAM  2 ARE: 

   TIME OF CONCENTRATION(MIN.) =   15.63 

   RAINFALL INTENSITY(INCH/HR) =   4.04 

   TOTAL STREAM AREA(ACRES) =    26.24 

   PEAK FLOW RATE(CFS) AT CONFLUENCE =     53.03 

 

   ** CONFLUENCE DATA ** 

   STREAM     RUNOFF       Tc      INTENSITY      AREA 

   NUMBER      (CFS)     (MIN.)   (INCH/HOUR)    (ACRE) 

       1      303.09    16.28        3.938        153.95 

       2       53.03    15.63        4.042         26.24 

 

   RAINFALL INTENSITY AND TIME OF CONCENTRATION RATIO 

   CONFLUENCE FORMULA USED FOR  2 STREAMS. 

 

   ** PEAK FLOW RATE TABLE ** 

   STREAM     RUNOFF      Tc      INTENSITY 

   NUMBER      (CFS)    (MIN.)   (INCH/HOUR) 

       1      344.04    15.63       4.042 

       2      354.75    16.28       3.938 

 

   COMPUTED CONFLUENCE ESTIMATES ARE AS FOLLOWS: 

   PEAK FLOW RATE(CFS) =     354.75   Tc(MIN.) =   16.28 

   TOTAL AREA(ACRES) =      180.2 

   LONGEST FLOWPATH FROM NODE     10.00 TO NODE     50.00 =    3900.00 FEET. 

 

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

   FLOW PROCESS FROM NODE     50.00 TO NODE     60.00 IS CODE =  51 

 ---------------------------------------------------------------------------- 

   >>>>>COMPUTE TRAPEZOIDAL CHANNEL FLOW<<<<< 

   >>>>>TRAVELTIME THRU SUBAREA (EXISTING ELEMENT)<<<<< 
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 ============================================================================ 

   ELEVATION DATA: UPSTREAM(FEET) =    458.50  DOWNSTREAM(FEET) =    426.80 

   CHANNEL LENGTH THRU SUBAREA(FEET) =  2750.00   CHANNEL SLOPE =  0.0115 

   CHANNEL BASE(FEET) =   32.00   "Z" FACTOR =   2.000 

   MANNING'S FACTOR = 0.035   MAXIMUM DEPTH(FEET) =   5.00 

    100 YEAR RAINFALL INTENSITY(INCH/HOUR) =  3.123 

   *USER SPECIFIED(SUBAREA): 

   RESIDENTIAL (1. DU/AC OR LESS) RUNOFF COEFFICIENT = .5000 

   S.C.S. CURVE NUMBER (AMC II) =   0 

   TRAVEL TIME COMPUTED USING ESTIMATED FLOW(CFS) =     451.67 

   TRAVEL TIME THRU SUBAREA BASED ON VELOCITY(FEET/SEC.) =   6.51 

   AVERAGE FLOW DEPTH(FEET) =   1.94   TRAVEL TIME(MIN.) =   7.04 

   Tc(MIN.) =   23.32 

   SUBAREA AREA(ACRES) =   123.69       SUBAREA RUNOFF(CFS) =  193.11 

   AREA-AVERAGE RUNOFF COEFFICIENT =  0.500 

   TOTAL AREA(ACRES) =      303.9         PEAK FLOW RATE(CFS) =     474.44 

 

   END OF SUBAREA CHANNEL FLOW HYDRAULICS: 

   DEPTH(FEET) =  1.99   FLOW VELOCITY(FEET/SEC.) =   6.63 

   LONGEST FLOWPATH FROM NODE     10.00 TO NODE     60.00 =    6650.00 FEET. 

 ============================================================================ 

   END OF STUDY SUMMARY: 

   TOTAL AREA(ACRES)     =      303.9  TC(MIN.) =     23.32 

   PEAK FLOW RATE(CFS)   =     474.44 

 ============================================================================ 

 ============================================================================ 

   END OF RATIONAL METHOD ANALYSIS 
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CHAPTER 5    

    

FLOOD INUNDATION ANALYSES (HEC-RAS)    

    
5.2 – HEC-RAS Hydrology Exhibit  
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CHAPTER 5    

    

FLOOD INUNDATION ANALYSES (HEC-RAS)    

    
5.3 – HEC-RAS Cross Section Exhibits  
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CHAPTER 5    

    

FLOOD INUNDATION ANALYSES (HEC-RAS)    

    
5.4 – Existing HEC-RAS Calculations 
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CHAPTER 5    

    

FLOOD INUNDATION ANALYSES (HEC-RAS)    

    
5.5 – Developed HEC-RAS Calculations 
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CHAPTER 5    

    

FLOOD INUNDATION ANALYSES (HEC-RAS)    

    
5.6 – Comparison of Rating Curves  

for four 12-inch cmp culverts and 36-inch cmp sump Inlet 

 

 

 

 

 

 

 

 

 

 

 

 



 

1822-1864 York Drive, PDS2021-MUP-21-008, PDS2021-ER-08-008  

Hydrology and Hydraulic Report  bha, Inc. 

225 

Q = COAe(2gd)
1/2

Ae = (1-CA)A*0.8

Q = INLET CAPACITY OF THE GRATED INLET (cfs)

Co = ORIFICE COEFFICIENT (0.67)

d = head (ft)

g = GRAVITATIONAL ACCELERATION (32.2 ft/s
2
)

Ae = EFFECTIVE (CLOGGED) GRATE AREA (2.83 sf)

A = ACTUAL AREA OF THE GRATE (5.65 sf)

CA = AREA CLOGGING FACTOR (0.50)

Q (Chart 2*) x 1 Q (Chart 2*) x 4 Q (Orfice Flow) Co Ae 2g d Elevation

(cfs) (cfs) (cfs) - (ft) (ft/s
2
) (ft) (ft)

2.4 9.6 15.2 0.67 2.827433388 64.4 1 439

5 20 21.5 0.67 2.827433388 64.4 2 440

5.9 23.6 25.4 0.67 2.827433388 64.4 2.8 440.8

6.5 26 26.3 0.67 2.827433388 64.4 3 441

8 32 30.4 0.67 2.827433388 64.4 4 442

9 36 34.0 0.67 2.827433388 64.4 5 443

*  Chart 2 - Headwater Depth for C.M. pipe Culverts with inlet control

San Diego County Hydraulic Design Manual, September 2014

ORIFICE FLOW

EXISTING 36-INCH CMP SUMP INLET 
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