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1. INTRODUCTION 

The purpose of this drainage study is to compare the 100-year storm event existing and 

proposed-development stormwater runoff flows for the 901 Mission Project located at 

901 Mission Avenue. This study will verify that the proposed development will not 

generate an increase of stormwater runoff compared to existing conditions, preventing 

an impact to the existing storm drainage facilities downstream.  Per the City of 

Oceanside requirements, the criteria used for this drainage study is the San Diego 

County Hydrology Manual (June 2003) Criteria, City of Oceanside Drainage Ordinance, 

City of Oceanside Master Plan of Drainage Update 2013 (MPD), FEMA, Army Corp and 

other applicable agencies. 

 
1.1 Project Description 

 
The project proposes entitlements for a mixed-use, transit-oriented development on a 1.5 

gross acre site.  The site is bordered by Clementine St. to the southwest, Mission Ave. to the 

northwest, Horne St. to the northeast and Seagaze Dr. to the southeast.  The proposed 

development consists of a 7-story mid-rise building containing 268 dwelling units and 

approximately 5,550 sf of retail space with a courtyard/amenity space and pool on level 3.  

The proposed project will also include curb, gutter, and sidewalk improvements to street 

frontages surrounding the property. 
 

 

 

Figure 1. Vicinity Map 
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1.2 Existing Conditions 
 

The project site in its existing condition consists of an approximately 1.5-acre vacant lot. 

Existing ground cover consists of grasses, weeds and small shrubs with an asphalt 

concrete alley bisecting the lot running from Horne St to Clementine St. Existing public 

utilities including sewer, water, gas and underground/overhead electrical exist within 

the alley. The site slopes from northeast to southwest at an average slope of 6-7%, there 

is approximately 15’ of elevation difference across the site. Based on aerial 

photographs accessed on historicaerials.com, the site was graded prior to 1938 and 

has gone through several stages of improvements and occupancies, all of which have 

been demolished. The site has sat vacant since 2009. 

 

Storm water runoff from the site consists primarily of sheet flow that drains southwest and 

confluences in the curb and gutter along the northeast side of Clementine St. Flow 

travels by curb and gutter northwest to Mission Ave and confluences with flows from 

Mission Ave in a cross gutter. Flows then enter a green street planter at the south corner 

of the intersection of Mission Ave and Clementine St. Excess flows that bypass the green 

street planter continue southwest down Mission Ave and pass through a series of green 

street planters.  Flows that bypass the Mission Ave green street planters enter curb inlets 

located near the east corner of the intersection of Mission Ave and Coast Highway. 

From the curb inlet, flows enter an existing storm drain system and travel northwest to an 

outlet at Surfrider St and The Strand North where it discharges directly into the Pacific 

Ocean.  

 

The existing public storm drain system that conveys the site’s flow to the Pacific Ocean 

is deemed inadequate for the 10, 25 & 100-year storm event according to, “The City of 

Oceanside Master Plan of Drainage, Update 2013,” (MPD) prepared by Torrey Walker 

Engineering, Inc. The City of Oceanside plans to upgrade the public storm drain system 

to meet the demands of its watershed however the storm drain upgrades are not yet 

constructed.  

 

1.3 Proposed Conditions 
 

The proposed mixed-use, transit-oriented development will consist of 268 dwelling units, 

approximately 5,550 SF of commercial/office and commercial/retail space, and 

associated amenity spaces.  The existing site improvements will be demolished and the 

existing utilities bisecting the site (water, sewer, gas and underground electrical) will be 

rerouted around the site within the public right-of-way. 

 

The project is not located within the FEMA 100-year Floodplain or Floodway. The project 

is in an area of minimal flood hazard (Zone X), per FEMA FIRM Map Number 

06073C0734J, see Appendix 6.  A Conditional Letter of Map Revision (CLOMR) will not 

be required to be processed with FEMA.   

 

The project will maintain existing drainage patterns to the maximum extent practical.  

Onsite drainage within series 100 consists of sheet flow and mild concentrated flows that 

drain south/southwest, having an average slope of 1-2%. Onsite storm water runoff is 

conveyed to a series of inlets that collect and convey storm water runoff through storm 
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drains to a detention vault located in the underground parking level B1. Flows then pass 

through a storm drain cleanout with a flood control weir & orifice. Flows requiring 

treatment are directed to a proprietary treatment control BMP and then to a pump 

(both on underground parking level B2); excess flows bypass the treatment control BMP 

and go to the pump.  The pump discharges through a velocity control structure and 

sidewalk underdrain out to the curb and gutter along the northeast side of Clementine 

St. As in existing conditions, stormwater runoff from the proposed development will 

ultimately discharge to the Pacific Ocean via the existing drainage patterns as 

described in the previous section.  

 

The project will not result in increased 100-yr peak flow rates in the proposed condition 

after mitigation of the 100-year runoff. As shown in section 3.1 of this report, the 

Proposed-Mitigated 100-yr peak discharge will be ≤3.3 cfs, the discharge rate will be 

controlled by the pump. To mitigate the proposed conditions approximately 5,400cf of 

storage volume is proposed as determined in Appendix 8. Stage storage calculations 

are in progress and will be included in final engineering. The proposed project is not 

anticipated to negatively affect the downstream facilities compared to existing 

conditions including the existing green street planters along Mission Ave.  

 

 

The site is exempt from hydromodification management because runoff is conveyed by 

concrete lined surfaces and underground storm drains to its point of discharge to the 

Pacific Ocean. 

 

2. METHODOLOGY 

2.1 Rational Method 
 

Runoff was calculated using the Modified Rational Method equation below: 

 

Q = C x I x A 

 

Where: 

Q = Flow rate in cubic feet per 

second (cfs) C = Runoff coefficient 
I = Rainfall Intensity in inches per hour 
(in/hr) A = Drainage basin area in 
acres, (ac) 

 

Modified Rational Method calculations were performed using the Advanced 

Engineering Software AES 2014) computer program. To perform the hydrology routing, 

the total watershed area was divided into sub-areas which discharge at designated 

nodes. The procedure for the sub-area summation model is as follows: 

 

(1) Subdivide the watershed into an initial sub-area (generally 1 lot) and 

subsequent sub- areas, which are generally less than 10 acres in size. Assign 

upstream and downstream node numbers to each sub-area. 

 

(2) Estimate an initial Tc by using the appropriate nomograph or overland flow 
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velocity estimation. The minimum Tc considered is 5.0 minutes. 
 

(3) Using the initial Tc, determine the corresponding values of I. Then Q = CIA. 
 

(4) Using Q, estimate the travel time between this node and the next by 

Manning’s equation as applied to particular channel or conduit linking the 

two nodes. Then, repeat the calculation for Q based on the revised intensity 

(which is a function of the revised time of concentration) 

 

The nodes are joined together by links, which may be street gutter flows, drainage 

swales, drainage ditches, pipe flow, or various channel flows. The AES 2014 computer 

software sub-area menu is as follows: 

 

SUBAREA HYDROLOGIC PROCESS 

 

1. Confluence analysis at node. 

2. Initial sub-area analysis (including time of concentration calculation). 

3. Pipe flow travel time (computer estimated). 

4. Pipe flow travel time (user specified). 

5. Trapezoidal channel travel time. 

6. Street flow analysis through sub-area. 
7. User-specified information at node. 
8. Addition of sub-area runoff to main line. 

9. V-gutter flow through area. 

10. Copy main stream data to memory bank 

11. Confluence main stream data with a memory bank 

12. Clear a memory bank 
 

 

At the confluence point of two or more basins, the following procedure is used to 

combine peak flow rates to account for differences in the basin’s times of 

concentration. This adjustment is based on the assumption that each basin’s 

hydrographs are triangular in shape. 

 

(1). If the collection streams have the same times of concentration, then the Q 

values are directly summed, 

 

Qp = Qa + Qb; Tp = Ta = Tb 

 

(2). If the collection streams have different times of concentration, the smaller of the 

tributary Q values may be adjusted as follows: 

 

(i). The most frequent case is where the collection stream with the 

longer time of concentration has the larger Q. The smaller Q value is 

adjusted by a ratio of rainfall intensities. 

 

Qp = Qb + Qa (Ib/Ia); Tp = Ta 

  

(ii). In some cases, the collection stream with the shorter time of 

concentration has the larger Q. Then the smaller Q is adjusted by a ratio of 

the T values. 
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Qp = Qb + Qa (Tb/Ta); Tp = Tb 

 

 

2.2 Computing Detention Pond Routing 

 
Detention pond routing is the process of passing a flood hydrograph through a storage 

reservoir or detention pond. This process changes the pattern of flow with respect to 

time but conserves volume. The purpose of detention pond routing is usually to reduce 

the peak flow to a predetermined level, or to delay the peak. The routing procedure 

used by Hydraflow Hydrographs Extension is known as the Storage Indication method 

and begins with a stage- storage-discharge relationship, an inflow hydrograph, and the 

following equation: 

 

 

Where: 
I = inflow, O = outflow, ds/dt = change in storage 

 

2.3 Runoff Coefficient 
 

For existing conditions, the runoff coefficient for the project was calculated using Table 

3-1: Runoff Coefficients for Urban Areas, of the 2003 San Diego County Hydrology 

Manual, and the corresponding percentage of impervious surface for each tributary 

area.  The site contains Hydrologic Soil Group D soils and has a runoff coefficient of 0.35. 

 

For the proposed condition, the runoff coefficient for the project was calculated using 

Table 3-1: Runoff Coefficients for Urban Areas, of the 2003 San Diego County Hydrology 

Manual. For roofs and concrete areas a run-off coefficient of 0.90 was used; for 

landscape areas a run-off coefficient of 0.10 was used. A weighted run-off coefficient 

was calculated using the corresponding percentage of impervious surface for each 

tributary area.  For a detailed breakdown of tributary areas and runoff coefficients see 

the DMA Summary Table included in the project SWQMP as Attachment 1b. 

 

2.4 Rainfall Intensity 

Rainfall intensity was determined by using AES software, which utilizes Figure 3-2: Rainfall 

Intensity-Duration Design Chart of the San Diego County Hydrology Manual, see 

Appendix 9. 

 

2.5 Tributary Areas 
Drainage basins are delineated on the Existing and Proposed Hydrology Condition 

Maps in Appendix 1 and 2. 
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2.6 Stage Storage  
 

Hydraflow Hydrograph by Autodesk will be used to perform stage storage detention 

basin routing of the underground storage system (HMP 1) during final engineering. The 

underground storage system will be modeled to determine the volume capacity and 

peak flow attenuation of the basin during a 100-year storm event. See Appendix 8 for 

basin routing calculations (to be provided in final engineering).  

 

The underground storage system outflows obtained from Hydraflow will be used in the 

AES mitigated conditions to analyze the total cumulative flow at Node 100. 100-year 

storm attenuation will be performed for HMP 1 during final engineering.  

 

3. CALCULATIONS/RESULTS 

3.1 Peak Flow Comparison 
The summary tables below present the comparison between pre- and post-

development flows for each point of compliance.  

 

EXISTING CONDITION HYDROLOGY SUMMARY 

NODE AREA (AC) EXISTING 100-YEAR DISCHARGE (CFS) 

100 1.47 3.3 
 

PROPOSED CONDITION HYDROLOGY SUMMARY 

NODE AREA (AC) PROPOSED 100-YEAR DISCHARGE (CFS) 

100 1.47 7.7 
 

 

 

 

 

 

 

3.2 Public Storm Drain 
No public storm drains are proposed.  

 

4. CONCLUSION 
The project will match existing drainage patterns to the maximum extent feasible and 

will utilize the existing discharge point to the Pacific Ocean. The project will not increase 

the 100-year peak flow rates after mitigating the 100-year runoff compared to existing 

conditions. The existing public storm drains downstream of the project site do not have 

capacity to convey the 100-year storm event runoff generated from their tributary area 

as stated in “The City of Oceanside Master Plan of Drainage, Update 2013,” prepared 

by Torrey Walker Engineering, Inc. The city proposes to upgrade the deficient storm 

drains as part of the Cleveland St Storm Drain Project, but they are not yet constructed. 

Because the proposed development does not increase 100-year peak flows compared 

to existing conditions, the project is not anticipated to cause any drainage impacts to 

the existing public drainage facilities or adjacent properties.   

PROPOSED-MITIGATED CONDITION HYDROLOGY SUMMARY 

NODE AREA (AC) MITIGATED 100-YEAR DISCHARGE (CFS) 

100 1.47 ≤3.3 
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EXISTING HYDROLOGY MAP 
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PROPOSED HYDROLOGY MAP 
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CONCEPTUAL GRADING & UTILITY PLANS 
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APPENDIX 4 

 

EXISTING HYDROLOGY CALCULATIONS 

  



Job Name:

Job #:

Run Name:

Date:  

Notes:

1 2 3

102 101 2 120.0 112.3 72.6 0.35 0.15 Soil Type D

101 100 5 112.3 102.9 154.5 0.35 0.56

100 100 8 0.85 0.10

100 100 8 0.35 0.66

Total = 1.47

Area Weighted Runoff Coefficient = 0.38

Comments BANK

901 Mission Ave

557-017

Existing Series 100

7/24/2024

C 

Factor

Area 

(acres)

Node 1 Node 2 Code Elev 1 

(feet)

Elev 2 

(feet)

Length 

(feet)

Page 1 of 1



 ____________________________________________________________________________

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

             RATIONAL METHOD HYDROLOGY COMPUTER PROGRAM PACKAGE

             Reference: SAN DIEGO COUNTY FLOOD CONTROL DISTRICT

                          2003,1985,1981 HYDROLOGY MANUAL

          (c) Copyright 1982-2016 Advanced Engineering Software (aes)

              Ver. 23.0 Release Date: 07/01/2016  License ID 1355

                            Analysis prepared by:

                           Fuscoe Engineering, Inc.                          

                              6390 Greenwich Dr.                             

                                  Suite #170                                 

                             San Diego, CA 92122                             

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

 * 901 MISSION AVE PRE-DEVELOPMENT REPORT                                   *

 * EXISTING SERIES 100                                                      *

 * OCEANSIDE, CALIFORNIA                                                    *

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

   FILE NAME: EX100S1.DAT                                       

   TIME/DATE OF STUDY: 14:58 08/06/2024

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

   USER SPECIFIED HYDROLOGY AND HYDRAULIC MODEL INFORMATION:

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

   2003 SAN DIEGO MANUAL CRITERIA

   USER SPECIFIED STORM EVENT(YEAR) =   4.00

   6-HOUR DURATION PRECIPITATION (INCHES) =   2.600

   SPECIFIED MINIMUM PIPE SIZE(INCH) =   4.00

   SPECIFIED PERCENT OF GRADIENTS(DECIMAL) TO USE FOR FRICTION SLOPE = 0.10

   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 0.0312 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    102.00 TO NODE    101.00 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) =    72.60

   UPSTREAM ELEVATION(FEET) =    120.00

   DOWNSTREAM ELEVATION(FEET) =    112.30

   ELEVATION DIFFERENCE(FEET) =      7.70

   SUBAREA OVERLAND TIME OF FLOW(MIN.) =    5.340

   WARNING: THE MAXIMUM OVERLAND FLOW SLOPE, 10.%, IS USED IN Tc CALCULATION!

      4 YEAR RAINFALL INTENSITY(INCH/HOUR) =  6.566

   SUBAREA RUNOFF(CFS) =      0.34

   TOTAL AREA(ACRES) =      0.15   TOTAL RUNOFF(CFS) =      0.34

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

   FLOW PROCESS FROM NODE    101.00 TO NODE    100.00 IS CODE =  51

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

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

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

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

   ELEVATION DATA: UPSTREAM(FEET) =    112.30  DOWNSTREAM(FEET) =    102.90

   CHANNEL LENGTH THRU SUBAREA(FEET) =   154.50   CHANNEL SLOPE =  0.0608

   CHANNEL BASE(FEET) =    5.00   "Z" FACTOR =   5.000

   MANNING'S FACTOR = 0.025   MAXIMUM DEPTH(FEET) =   5.00

      4 YEAR RAINFALL INTENSITY(INCH/HOUR) =  5.834

   *USER SPECIFIED(SUBAREA):

   USER-SPECIFIED RUNOFF COEFFICIENT = .3500

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

   TRAVEL TIME COMPUTED USING ESTIMATED FLOW(CFS) =       0.92

   TRAVEL TIME THRU SUBAREA BASED ON VELOCITY(FEET/SEC.) =   2.40

   AVERAGE FLOW DEPTH(FEET) =   0.07   TRAVEL TIME(MIN.) =   1.07

   Tc(MIN.) =    6.41

   SUBAREA AREA(ACRES) =     0.56       SUBAREA RUNOFF(CFS) =    1.14

   AREA-AVERAGE RUNOFF COEFFICIENT =  0.350

   TOTAL AREA(ACRES) =        0.7         PEAK FLOW RATE(CFS) =       1.45

   END OF SUBAREA CHANNEL FLOW HYDRAULICS:

   DEPTH(FEET) =  0.09   FLOW VELOCITY(FEET/SEC.) =   2.81

   LONGEST FLOWPATH FROM NODE    102.00 TO NODE    100.00 =     227.10 FEET.

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

   FLOW PROCESS FROM NODE    100.00 TO NODE    100.00 IS CODE =  81

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

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

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

      4 YEAR RAINFALL INTENSITY(INCH/HOUR) =  5.834

   *USER SPECIFIED(SUBAREA):



   USER-SPECIFIED RUNOFF COEFFICIENT = .8500

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

   AREA-AVERAGE RUNOFF COEFFICIENT = 0.4117

   SUBAREA AREA(ACRES) =    0.10   SUBAREA RUNOFF(CFS) =    0.50

   TOTAL AREA(ACRES) =        0.8   TOTAL RUNOFF(CFS) =       1.95

   TC(MIN.) =    6.41

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

   FLOW PROCESS FROM NODE    100.00 TO NODE    100.00 IS CODE =  81

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

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

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

      4 YEAR RAINFALL INTENSITY(INCH/HOUR) =  5.834

   *USER SPECIFIED(SUBAREA):

   USER-SPECIFIED RUNOFF COEFFICIENT = .3500

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

   AREA-AVERAGE RUNOFF COEFFICIENT = 0.3840

   SUBAREA AREA(ACRES) =    0.66   SUBAREA RUNOFF(CFS) =    1.35

   TOTAL AREA(ACRES) =        1.5   TOTAL RUNOFF(CFS) =       3.29

   TC(MIN.) =    6.41

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

   END OF STUDY SUMMARY:

   TOTAL AREA(ACRES)     =        1.5  TC(MIN.) =      6.41

   PEAK FLOW RATE(CFS)   =       3.29

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

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

   END OF RATIONAL METHOD ANALYSIS

� 
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PROPOSED HYDROLOGY CALCULATIONS 

  



Job Name:

Job #:

Run Name:

Date:  

Notes:

1 2 3

103 102 2 200.0 199.3 62.0 0.85 0.13 Assumed roof elevations

102 101 5 199.3 198.5 78.0 0.85 0.25 Assumed flat roof, S=1%

101 101 8 0.85 0.84

101 100 3 198.5 101.5 105.8

100 100 8 0.37 0.25

Total = 1.47

Area Weighted Runoff Coefficient = 0.77

Comments BANK

901 Mission Ave

557-017

Proposed Series 100

7/24/2024

C 

Factor

Area 

(acres)

Node 1 Node 2 Code Elev 1 

(feet)

Elev 2 

(feet)

Length 

(feet)

Page 1 of 1



 ____________________________________________________________________________

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

             RATIONAL METHOD HYDROLOGY COMPUTER PROGRAM PACKAGE

             Reference: SAN DIEGO COUNTY FLOOD CONTROL DISTRICT

                          2003,1985,1981 HYDROLOGY MANUAL

          (c) Copyright 1982-2016 Advanced Engineering Software (aes)

              Ver. 23.0 Release Date: 07/01/2016  License ID 1355

                            Analysis prepared by:

                           Fuscoe Engineering, Inc.                          

                              6390 Greenwich Dr.                             

                                  Suite #170                                 

                             San Diego, CA 92122                             

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

 * 901 MISSION AVE POST-DEVELOPMENT REPORT                                  *

 * PROPOSED SERIES 100                                                      *

 * OCEANSIDE, CALIFORNIA                                                    *

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

   FILE NAME: PR100S1.DAT                                       

   TIME/DATE OF STUDY: 15:02 08/06/2024

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

   USER SPECIFIED HYDROLOGY AND HYDRAULIC MODEL INFORMATION:

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

   2003 SAN DIEGO MANUAL CRITERIA

   USER SPECIFIED STORM EVENT(YEAR) = 100.00

   6-HOUR DURATION PRECIPITATION (INCHES) =   2.600

   SPECIFIED MINIMUM PIPE SIZE(INCH) =   4.00

   SPECIFIED PERCENT OF GRADIENTS(DECIMAL) TO USE FOR FRICTION SLOPE = 0.10

   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 0.0312 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    103.00 TO NODE    102.00 IS CODE =  21

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

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

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

   *USER SPECIFIED(SUBAREA):

   USER-SPECIFIED RUNOFF COEFFICIENT = .8500

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

   INITIAL SUBAREA FLOW-LENGTH(FEET) =    62.00

   UPSTREAM ELEVATION(FEET) =    200.00

   DOWNSTREAM ELEVATION(FEET) =    199.30

   ELEVATION DIFFERENCE(FEET) =      0.70

   SUBAREA OVERLAND TIME OF FLOW(MIN.) =    3.383

   WARNING: INITIAL SUBAREA FLOW PATH LENGTH IS GREATER THAN

            THE MAXIMUM OVERLAND FLOW LENGTH =    61.29

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

            THE MAXIMUM OVERLAND FLOW LENGTH IS USED IN Tc CALCULATION!

    100 YEAR RAINFALL INTENSITY(INCH/HOUR) =  6.850

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

   SUBAREA RUNOFF(CFS) =      0.76

   TOTAL AREA(ACRES) =      0.13   TOTAL RUNOFF(CFS) =      0.76

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

   FLOW PROCESS FROM NODE    102.00 TO NODE    101.00 IS CODE =  51

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

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

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

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

   ELEVATION DATA: UPSTREAM(FEET) =    199.30  DOWNSTREAM(FEET) =    198.50

   CHANNEL LENGTH THRU SUBAREA(FEET) =    78.00   CHANNEL SLOPE =  0.0103

   CHANNEL BASE(FEET) =    5.00   "Z" FACTOR =   5.000

   MANNING'S FACTOR = 0.025   MAXIMUM DEPTH(FEET) =   5.00

    100 YEAR RAINFALL INTENSITY(INCH/HOUR) =  6.850

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

   *USER SPECIFIED(SUBAREA):

   USER-SPECIFIED RUNOFF COEFFICIENT = .8500

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

   TRAVEL TIME COMPUTED USING ESTIMATED FLOW(CFS) =       1.48

   TRAVEL TIME THRU SUBAREA BASED ON VELOCITY(FEET/SEC.) =   1.63

   AVERAGE FLOW DEPTH(FEET) =   0.16   TRAVEL TIME(MIN.) =   0.80

   Tc(MIN.) =    4.18

   SUBAREA AREA(ACRES) =     0.25       SUBAREA RUNOFF(CFS) =    1.46

   AREA-AVERAGE RUNOFF COEFFICIENT =  0.850

   TOTAL AREA(ACRES) =        0.4         PEAK FLOW RATE(CFS) =       2.21

   END OF SUBAREA CHANNEL FLOW HYDRAULICS:

   DEPTH(FEET) =  0.20   FLOW VELOCITY(FEET/SEC.) =   1.83

   LONGEST FLOWPATH FROM NODE    103.00 TO NODE    101.00 =     140.00 FEET.

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

   FLOW PROCESS FROM NODE    101.00 TO NODE    101.00 IS CODE =  81



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

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

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

    100 YEAR RAINFALL INTENSITY(INCH/HOUR) =  6.850

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

   *USER SPECIFIED(SUBAREA):

   USER-SPECIFIED RUNOFF COEFFICIENT = .8500

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

   AREA-AVERAGE RUNOFF COEFFICIENT = 0.8500

   SUBAREA AREA(ACRES) =    0.84   SUBAREA RUNOFF(CFS) =    4.89

   TOTAL AREA(ACRES) =        1.2   TOTAL RUNOFF(CFS) =       7.10

   TC(MIN.) =    4.18

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

   FLOW PROCESS FROM NODE    101.00 TO NODE    100.00 IS CODE =  31

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

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

   >>>>>USING COMPUTER-ESTIMATED PIPESIZE (NON-PRESSURE FLOW)<<<<<

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

   ELEVATION DATA: UPSTREAM(FEET) =   198.50  DOWNSTREAM(FEET) =   101.50

   FLOW LENGTH(FEET) =   105.80   MANNING'S N =  0.013

   DEPTH OF FLOW IN  12.0 INCH PIPE IS   7.1 INCHES

   PIPE-FLOW VELOCITY(FEET/SEC.) =  14.66

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

   PIPE-FLOW(CFS) =       7.10

   PIPE TRAVEL TIME(MIN.) =   0.12    Tc(MIN.) =    4.30

   LONGEST FLOWPATH FROM NODE    103.00 TO NODE    100.00 =     245.80 FEET.

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

   FLOW PROCESS FROM NODE    100.00 TO NODE    100.00 IS CODE =  81

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

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

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

    100 YEAR RAINFALL INTENSITY(INCH/HOUR) =  6.850

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

   *USER SPECIFIED(SUBAREA):

   USER-SPECIFIED RUNOFF COEFFICIENT = .3700

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

   AREA-AVERAGE RUNOFF COEFFICIENT = 0.7684

   SUBAREA AREA(ACRES) =    0.25   SUBAREA RUNOFF(CFS) =    0.63

   TOTAL AREA(ACRES) =        1.5   TOTAL RUNOFF(CFS) =       7.74

   TC(MIN.) =    4.30

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

   END OF STUDY SUMMARY:

   TOTAL AREA(ACRES)     =        1.5  TC(MIN.) =      4.30

   PEAK FLOW RATE(CFS)   =       7.74

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

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

   END OF RATIONAL METHOD ANALYSIS
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FEMA FLOOD MAP 
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SAN DIEGO COUNTY  

100-YEAR ISOPOLUVIAL MAPS 
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901 MISSION AVE                 FEI PROJ. No. 557-017 

DRAINAGE STUDY  October 2024 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

APPENDIX 8 

 

HYDROGRAPHS, STORAGE CURVES & INFLOW 

HYDROGRAPH INPUTS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Series 

Name
Tc (min)

Runoff 

Coefficient (C)

6-hr Rainfail 

(in)
Area (ac)

Peak Discharge 

(cfs)

Total Volume 

(cf)

Existing 6 0.38 2.6 1.47 3.29 5,216

Proposed 5 0.77 2.6 1.47 7.74 10,572

Difference in Volume = 5,356

Summary of Hydrograph Calculations
901 Mission Ave, Oceanside, California
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RATIONAL METHOD HYDROGRAPHS PROGRAM

COPYRIGHT 1992, 2001 RICK ENGINEERING COMPANY

EXISTING SERIES 100

RUN DATE   8/6/2024 

TIME OF CONCENTRATION  6  MIN.

6 HOUR RAINFALL  2.6  INCHES

BASIN AREA  1.47  ACRES

RUNOFF COEFFICIENT  0.38 

PEAK DISCHARGE  3.29  CFS

Time (min) Time (sec)
Discharge 

(cfs)

Total 

Volume 

(cf)

TIME (MIN) =  0  DISCHARGE (CFS) =  0 0 0 0 18

TIME (MIN) =  6  DISCHARGE (CFS) =  0.1 6 360 0.1 36

TIME (MIN) =  12  DISCHARGE (CFS) =  0.1 12 720 0.1 36

TIME (MIN) =  18  DISCHARGE (CFS) =  0.1 18 1080 0.1 36

TIME (MIN) =  24  DISCHARGE (CFS) =  0.1 24 1440 0.1 36

TIME (MIN) =  30  DISCHARGE (CFS) =  0.1 30 1800 0.1 36

TIME (MIN) =  36  DISCHARGE (CFS) =  0.1 36 2160 0.1 36

TIME (MIN) =  42  DISCHARGE (CFS) =  0.1 42 2520 0.1 36

TIME (MIN) =  48  DISCHARGE (CFS) =  0.1 48 2880 0.1 36

TIME (MIN) =  54  DISCHARGE (CFS) =  0.1 54 3240 0.1 36

TIME (MIN) =  60  DISCHARGE (CFS) =  0.1 60 3600 0.1 36

TIME (MIN) =  66  DISCHARGE (CFS) =  0.1 66 3960 0.1 36

TIME (MIN) =  72  DISCHARGE (CFS) =  0.1 72 4320 0.1 36

TIME (MIN) =  78  DISCHARGE (CFS) =  0.1 78 4680 0.1 36

TIME (MIN) =  84  DISCHARGE (CFS) =  0.1 84 5040 0.1 36

TIME (MIN) =  90  DISCHARGE (CFS) =  0.1 90 5400 0.1 36

TIME (MIN) =  96  DISCHARGE (CFS) =  0.1 96 5760 0.1 36

TIME (MIN) =  102  DISCHARGE (CFS) =  0.1 102 6120 0.1 36

TIME (MIN) =  108  DISCHARGE (CFS) =  0.1 108 6480 0.1 36

TIME (MIN) =  114  DISCHARGE (CFS) =  0.1 114 6840 0.1 36

TIME (MIN) =  120  DISCHARGE (CFS) =  0.1 120 7200 0.1 36

TIME (MIN) =  126  DISCHARGE (CFS) =  0.1 126 7560 0.1 36

TIME (MIN) =  132  DISCHARGE (CFS) =  0.1 132 7920 0.1 36

TIME (MIN) =  138  DISCHARGE (CFS) =  0.1 138 8280 0.1 36

TIME (MIN) =  144  DISCHARGE (CFS) =  0.1 144 8640 0.1 54

TIME (MIN) =  150  DISCHARGE (CFS) =  0.2 150 9000 0.2 72

TIME (MIN) =  156  DISCHARGE (CFS) =  0.2 156 9360 0.2 72

TIME (MIN) =  162  DISCHARGE (CFS) =  0.2 162 9720 0.2 72

TIME (MIN) =  168  DISCHARGE (CFS) =  0.2 168 10080 0.2 72

TIME (MIN) =  174  DISCHARGE (CFS) =  0.2 174 10440 0.2 72

TIME (MIN) =  180  DISCHARGE (CFS) =  0.2 180 10800 0.2 72

TIME (MIN) =  186  DISCHARGE (CFS) =  0.2 186 11160 0.2 72

TIME (MIN) =  192  DISCHARGE (CFS) =  0.2 192 11520 0.2 90

TIME (MIN) =  198  DISCHARGE (CFS) =  0.3 198 11880 0.3 108

TIME (MIN) =  204  DISCHARGE (CFS) =  0.3 204 12240 0.3 108

TIME (MIN) =  210  DISCHARGE (CFS) =  0.3 210 12600 0.3 108

TIME (MIN) =  216  DISCHARGE (CFS) =  0.3 216 12960 0.3 126

TIME (MIN) =  222  DISCHARGE (CFS) =  0.4 222 13320 0.4 162

TIME (MIN) =  228  DISCHARGE (CFS) =  0.5 228 13680 0.5 216

TIME (MIN) =  234  DISCHARGE (CFS) =  0.7 234 14040 0.7 324

TIME (MIN) =  240  DISCHARGE (CFS) =  1.1 240 14400 1.1 790.2

TIME (MIN) =  246  DISCHARGE (CFS) =  3.29 246 14760 3.29 682.2

TIME (MIN) =  252  DISCHARGE (CFS) =  0.5 252 15120 0.5 162

TIME (MIN) =  258  DISCHARGE (CFS) =  0.4 258 15480 0.4 126

TIME (MIN) =  264  DISCHARGE (CFS) =  0.3 264 15840 0.3 90

TIME (MIN) =  270  DISCHARGE (CFS) =  0.2 270 16200 0.2 72

TIME (MIN) =  276  DISCHARGE (CFS) =  0.2 276 16560 0.2 72

TIME (MIN) =  282  DISCHARGE (CFS) =  0.2 282 16920 0.2 72

TIME (MIN) =  288  DISCHARGE (CFS) =  0.2 288 17280 0.2 72

TIME (MIN) =  294  DISCHARGE (CFS) =  0.2 294 17640 0.2 54

TIME (MIN) =  300  DISCHARGE (CFS) =  0.1 300 18000 0.1 36

TIME (MIN) =  306  DISCHARGE (CFS) =  0.1 306 18360 0.1 36

TIME (MIN) =  312  DISCHARGE (CFS) =  0.1 312 18720 0.1 36

TIME (MIN) =  318  DISCHARGE (CFS) =  0.1 318 19080 0.1 36

TIME (MIN) =  324  DISCHARGE (CFS) =  0.1 324 19440 0.1 36

TIME (MIN) =  330  DISCHARGE (CFS) =  0.1 330 19800 0.1 36

TIME (MIN) =  336  DISCHARGE (CFS) =  0.1 336 20160 0.1 36

TIME (MIN) =  342  DISCHARGE (CFS) =  0.1 342 20520 0.1 36

TIME (MIN) =  348  DISCHARGE (CFS) =  0.1 348 20880 0.1 36

TIME (MIN) =  354  DISCHARGE (CFS) =  0.1 354 21240 0.1 36

TIME (MIN) =  360  DISCHARGE (CFS) =  0.1 360 21600 0.1 18

TIME (MIN) =  366  DISCHARGE (CFS) =  0 366 21960 0 0

Volume (cf) = 5,216        



RATIONAL METHOD HYDROGRAPHS PROGRAM

COPYRIGHT 1992, 2001 RICK ENGINEERING COMPANY

PROPOSED SERIES 100

RUN DATE   8/6/2024 

TIME OF CONCENTRATION  5  MIN.

6 HOUR RAINFALL  2.6  INCHES

BASIN AREA  1.47  ACRES

RUNOFF COEFFICIENT  0.77 

PEAK DISCHARGE  7.74  CFS

Time (min) Time (sec)
Discharge 

(cfs)

Total Volume 

(cf)

TIME (MIN) =  0  DISCHARGE (CFS) =  0 0 0 0 30

TIME (MIN) =  5  DISCHARGE (CFS) =  0.2 5 300 0.2 60

TIME (MIN) =  10  DISCHARGE (CFS) =  0.2 10 600 0.2 60

TIME (MIN) =  15  DISCHARGE (CFS) =  0.2 15 900 0.2 60

TIME (MIN) =  20  DISCHARGE (CFS) =  0.2 20 1200 0.2 60

TIME (MIN) =  25  DISCHARGE (CFS) =  0.2 25 1500 0.2 60

TIME (MIN) =  30  DISCHARGE (CFS) =  0.2 30 1800 0.2 60

TIME (MIN) =  35  DISCHARGE (CFS) =  0.2 35 2100 0.2 60

TIME (MIN) =  40  DISCHARGE (CFS) =  0.2 40 2400 0.2 60

TIME (MIN) =  45  DISCHARGE (CFS) =  0.2 45 2700 0.2 60

TIME (MIN) =  50  DISCHARGE (CFS) =  0.2 50 3000 0.2 60

TIME (MIN) =  55  DISCHARGE (CFS) =  0.2 55 3300 0.2 60

TIME (MIN) =  60  DISCHARGE (CFS) =  0.2 60 3600 0.2 60

TIME (MIN) =  65  DISCHARGE (CFS) =  0.2 65 3900 0.2 60

TIME (MIN) =  70  DISCHARGE (CFS) =  0.2 70 4200 0.2 60

TIME (MIN) =  75  DISCHARGE (CFS) =  0.2 75 4500 0.2 60

TIME (MIN) =  80  DISCHARGE (CFS) =  0.2 80 4800 0.2 60

TIME (MIN) =  85  DISCHARGE (CFS) =  0.2 85 5100 0.2 60

TIME (MIN) =  90  DISCHARGE (CFS) =  0.2 90 5400 0.2 60

TIME (MIN) =  95  DISCHARGE (CFS) =  0.2 95 5700 0.2 60

TIME (MIN) =  100  DISCHARGE (CFS) =  0.2 100 6000 0.2 60

TIME (MIN) =  105  DISCHARGE (CFS) =  0.2 105 6300 0.2 75

TIME (MIN) =  110  DISCHARGE (CFS) =  0.3 110 6600 0.3 90

TIME (MIN) =  115  DISCHARGE (CFS) =  0.3 115 6900 0.3 90

TIME (MIN) =  120  DISCHARGE (CFS) =  0.3 120 7200 0.3 90

TIME (MIN) =  125  DISCHARGE (CFS) =  0.3 125 7500 0.3 90

TIME (MIN) =  130  DISCHARGE (CFS) =  0.3 130 7800 0.3 90

TIME (MIN) =  135  DISCHARGE (CFS) =  0.3 135 8100 0.3 90

TIME (MIN) =  140  DISCHARGE (CFS) =  0.3 140 8400 0.3 90

TIME (MIN) =  145  DISCHARGE (CFS) =  0.3 145 8700 0.3 90

TIME (MIN) =  150  DISCHARGE (CFS) =  0.3 150 9000 0.3 90

TIME (MIN) =  155  DISCHARGE (CFS) =  0.3 155 9300 0.3 90

TIME (MIN) =  160  DISCHARGE (CFS) =  0.3 160 9600 0.3 105

TIME (MIN) =  165  DISCHARGE (CFS) =  0.4 165 9900 0.4 120

TIME (MIN) =  170  DISCHARGE (CFS) =  0.4 170 10200 0.4 120

TIME (MIN) =  175  DISCHARGE (CFS) =  0.4 175 10500 0.4 120

TIME (MIN) =  180  DISCHARGE (CFS) =  0.4 180 10800 0.4 120

TIME (MIN) =  185  DISCHARGE (CFS) =  0.4 185 11100 0.4 135

TIME (MIN) =  190  DISCHARGE (CFS) =  0.5 190 11400 0.5 150

TIME (MIN) =  195  DISCHARGE (CFS) =  0.5 195 11700 0.5 150

TIME (MIN) =  200  DISCHARGE (CFS) =  0.5 200 12000 0.5 165

TIME (MIN) =  205  DISCHARGE (CFS) =  0.6 205 12300 0.6 180

TIME (MIN) =  210  DISCHARGE (CFS) =  0.6 210 12600 0.6 195

TIME (MIN) =  215  DISCHARGE (CFS) =  0.7 215 12900 0.7 225

TIME (MIN) =  220  DISCHARGE (CFS) =  0.8 220 13200 0.8 255

TIME (MIN) =  225  DISCHARGE (CFS) =  0.9 225 13500 0.9 285

TIME (MIN) =  230  DISCHARGE (CFS) =  1 230 13800 1 375

TIME (MIN) =  235  DISCHARGE (CFS) =  1.5 235 14100 1.5 555

TIME (MIN) =  240  DISCHARGE (CFS) =  2.2 240 14400 2.2 1491

TIME (MIN) =  245  DISCHARGE (CFS) =  7.74 245 14700 7.74 1341

TIME (MIN) =  250  DISCHARGE (CFS) =  1.2 250 15000 1.2 300

TIME (MIN) =  255  DISCHARGE (CFS) =  0.8 255 15300 0.8 210

TIME (MIN) =  260  DISCHARGE (CFS) =  0.6 260 15600 0.6 165

TIME (MIN) =  265  DISCHARGE (CFS) =  0.5 265 15900 0.5 150

TIME (MIN) =  270  DISCHARGE (CFS) =  0.5 270 16200 0.5 135

TIME (MIN) =  275  DISCHARGE (CFS) =  0.4 275 16500 0.4 120

TIME (MIN) =  280  DISCHARGE (CFS) =  0.4 280 16800 0.4 105

TIME (MIN) =  285  DISCHARGE (CFS) =  0.3 285 17100 0.3 90

TIME (MIN) =  290  DISCHARGE (CFS) =  0.3 290 17400 0.3 90

TIME (MIN) =  295  DISCHARGE (CFS) =  0.3 295 17700 0.3 90

TIME (MIN) =  300  DISCHARGE (CFS) =  0.3 300 18000 0.3 90

TIME (MIN) =  305  DISCHARGE (CFS) =  0.3 305 18300 0.3 90

TIME (MIN) =  310  DISCHARGE (CFS) =  0.3 310 18600 0.3 75

TIME (MIN) =  315  DISCHARGE (CFS) =  0.2 315 18900 0.2 60

TIME (MIN) =  320  DISCHARGE (CFS) =  0.2 320 19200 0.2 60

TIME (MIN) =  325  DISCHARGE (CFS) =  0.2 325 19500 0.2 60

TIME (MIN) =  330  DISCHARGE (CFS) =  0.2 330 19800 0.2 60

TIME (MIN) =  335  DISCHARGE (CFS) =  0.2 335 20100 0.2 60

TIME (MIN) =  340  DISCHARGE (CFS) =  0.2 340 20400 0.2 60

TIME (MIN) =  345  DISCHARGE (CFS) =  0.2 345 20700 0.2 60

TIME (MIN) =  350  DISCHARGE (CFS) =  0.2 350 21000 0.2 60

TIME (MIN) =  355  DISCHARGE (CFS) =  0.2 355 21300 0.2 60

TIME (MIN) =  360  DISCHARGE (CFS) =  0.2 360 21600 0.2 30

TIME (MIN) =  365  DISCHARGE (CFS) =  0 365 21900 0

Volume (cf) = 10,572           


