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PROJECT DESCRIPTION 
 

The proposed project consists of a village/suburban infill project that will entail subdividing an existing 
3.5 acre site to create a new residential subdivision consisting of 18 lots for single-family residences, a 
new private street and a remainder parcel (approx.. 3,750 s.f.) that will be used for a common bioretention 
BMP. 

The site is comprised of four contiguous parcels under common ownership.  The land is currently 
undeveloped and has been used in the past (circa 1940s-1960s) for agricultural purposes.  

The project will include offsite improvements including street widening and construction of curb, gutter 
and sidewalk along the Woodland Drive and Watson Way frontages and construction of new public sewer 
main in Woodland Drive. 

The proposed residential lots will range from 6,000 sf to 10,650 s.f. (net), with an average lot size of 6,830 
s.f. and a median lot size of 6,038 s.f. (net).  Level building pads on the lots will be approximately 4,000 s.f..  
Conceptual future improvements to the residential lots will consist of small 1- and 2-story single family 
residences with rooftop areas in the range of 1,800 to 2,000 square feet. 
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The existing site topography consists of mildly to moderately sloping terrain that slopes down to the 
northeast at about 10 to 25 percent, with an average slope of approximately 14 percent.  The high point 
of the site is El. 570’ at the SW corner and the low point is El. 502’ at the SE corner. 

The project proposes to create level building pads on most of the proposed parcels by performing cut and 
fill grading that will create cut and fill slopes with maximum slope ratios of 2:1 (26.6%). The maximum 
slope height will be approximately 20 feet, with most slopes less than 10 feet high.  The average slope of 
the project site will remain at approximately 14%. 

The site is underlain by Cretaceous-age batholitic rock (Green Valley Tonalite).  The rock is weathered to 
a shallow soil cover of decomposed granite that is expected to be thicker at the lower elevations Soil is 
classified as soil group “D”.  The shallow bedrock is expected to haw low permeability and low erodibility.  
The shallow weathered soil cover is expected to have low to moderate permeability and is moderately 
erodible.  Depth to groundwater is more than 50 feet.  Infiltration-based BMPs are not proposed. 

 
 
DESCRIPTION OF WATERSHED 
 
The project is located at the southeast corner of Woodland Drive and Watson Way in the North Metro area 
in the County of San Diego, State of California.  The project site location is illustrated on Figure 1. 
 
The project site is situated within a roughly 300 acre urban watershed that drains to a tributary of Buena 
Creek as illustrated in Figure 1.  The site is part of a roughly 10 acre sub-basin within the watershed as 
illustrated on Figure 2.  The entire site is within a single drainage system, with the high point of the site at 
roughly the high point of the sub-area.  There are no significant hydrologic features at the site.  Existing 
site drainage is by overland sheet flow to the north and northeast to the Woodland Drive ROW and then 
via flow in an earthen swale and street flow along the south side to Woodland towards the southeast.   
 
Flow in Woodland Drive enters a curb inlet at the southeast intersection of Woodland and Yettford Road 
at a point located approximately 640 feet southeast of the project boundary.  Drainage flows 
approximately 670 feet to the east in a RCP pipe and discharges to a natural drainage that crosses 
Woodland Drive approximately 100 feet east of Manzanita Court (east).   
 
 
METHODOLOGY 
 
Hydrology was evaluated using the Rational Method (RM).  The RM is a mathematical formula used to 
determine the maximum runoff rate from a given rainfall. It has particular application in urban storm 
drainage, where it is used to estimate peak runoff rates from small urban and rural watersheds for the 
design of storm drains and small drainage structures. The RM is recommended for analyzing the runoff 
response from drainage areas up to approximately 1 square mile in size.   
 
The RM can be applied using any design storm frequency (e.g., 100-year, 50-year, 10-year, etc.). The local 
agency determines the design storm frequency that must be used based on the type of project and specific 
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local requirements.  A procedure has been developed that converts the 6-hour and 24-hour precipitation 
isopluvial map data to an Intensity-Duration curve that can be used for the rainfall intensity in the RM 
formula as shown in Figure 3-1 in the Attachments. The RM is applicable to a 6-hour storm duration 
because the procedure uses Intensity-Duration Design Charts that are based on a 6-hour storm duration. 
 

Rational Method Formula 
 
The RM formula estimates the peak rate of runoff at any location in a watershed as a function of 
the drainage area (A), runoff coefficient (C), and rainfall intensity (I) for a duration equal to the 
time of concentration (Tc), which is the time required for water to flow from the most remote 
point of the basin to the location being analyzed. The RM formula is expressed as follows: 
 

Q = C I A 
 
Where:  Q =  peak discharge, in cubic feet per second (cfs) 
 C = runoff coefficient, proportion of the rainfall that runs off the surface (no units) 
 I =  average rainfall intensity for a duration equal to the Tc for the area, in inches per 

hour (Note: If the computed Tc is less than 5 minutes, use 5 minutes for computing 
the peak discharge, Q) 

 A =  drainage area contributing to the design location, in acres 
 
The RM formula is based on the assumption that for constant rainfall intensity, the peak 
discharge rate at a point will occur when the raindrop that falls at the most upstream point in 
the tributary drainage basin arrives at the point of interest.  Characteristics of, or assumptions 
inherent to, the RM are listed below: 
 

• The discharge flow rate resulting from any I is maximum when the I lasts as long 
as or longer than the Tc. 

• The fraction of rainfall that becomes runoff (or the runoff coefficient, C) is 
independent of I or precipitation zone number (PZN) condition. 

• The peak rate of runoff is the only information produced by using the RM. 
 
Runoff Coefficient 
 
Table 3-1 in the Attachments lists the estimated runoff coefficients for urban areas. The concepts 
related to the runoff coefficient were evaluated in a report entitled Evaluation, Rational Method 
“C” Values (Hill, 2002) that was reviewed by the Hydrology Manual Committee. The Report is 
available at San Diego County Department of Public Works, Flood Control Section and on the San 
Diego County Department of Public Works web page. 
 
The runoff coefficients are based on land use and soil type. Soil type can be determined from the 
soil type map provided in Appendix A. An appropriate runoff coefficient (C) for each type of land 
use in the subarea should be selected from this table and multiplied by the percentage of the total 
area (A) included in that class. The sum of the products for all land uses is the weighted runoff 
coefficient (Σ[CA]). Good engineering judgment should be used when applying the values 
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presented in Table 3-1, as adjustments to these values may be appropriate based on site-specific 
characteristics. In any event, the impervious percentage (% Impervious) as given in the table, for 
any area, shall govern the selected value for C. The runoff coefficient can also be calculated for an 
area based on soil type and impervious percentage using the following formula: 
 

C = 0.90 × (% Impervious) + Cp × (1 - % Impervious) 
 
Where:  Cp =  Pervious Coefficient Runoff Value for the soil type (shown in Table 3-1 as 

Undisturbed Natural Terrain/Permanent Open Space, 0% Impervious). Soil type can 
be determined from the soil type map provided in Appendix A. 

 
Rainfall Intensity 
 
The rainfall intensity (I) is the rainfall in inches per hour (in/hr) for a duration equal to the Tc for 
a selected storm frequency. Once a particular storm frequency has been selected for design and a 
Tc calculated for the drainage area, the rainfall intensity can be determined from the Intensity-
Duration Design Chart (Figure 3-1). The 6-hour storm rainfall amount (P6) and the 24-hour storm 
rainfall amount (P24) for the selected storm frequency are also needed for calculation of I. P6 and 
P24 can be read from the isopluvial maps provided in Appendix B.  
 
An Intensity-Duration Design Chart applicable to all areas within San Diego County is provided as 
Figure 3-1 in the Attachments to this report.  Intensity can also be calculated as: 
 

I = 7.44 P6 D-0.645 
 
Where:  P6 = adjusted 6-hour storm rainfall amount (see discussion below) 
 D =  duration in minutes (use Tc) 
 
 Note:  This equation applies only to the 6-hour storm rainfall amount (i.e., P6 cannot 

be changed to P24 to calculate a 24-hour intensity using this equation). 
 
The Intensity-Duration Design Chart and the equation are for the 6-hour storm rainfall amount. 
In general, P6 for the selected frequency should be between 45% and 65% of P24 for the selected 
frequency. If P6 is not within 45% to 65% of P24, P6 should be increased or decreased as 
necessary to meet this criteria. The isopluvial lines are based on precipitation gauge data. At the 
time that the isopluvial lines were created, the majority of precipitation gauges in San Diego 
County were read daily, and these readings yielded 24-hour precipitation data. Some 6-hour data 
were available from the few recording gauges distributed throughout the County at that time; 
however, some 6-hour data were extrapolated. Therefore, the 24-hour precipitation data for San 
Diego County are considered to be more reliable. 
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Time of Concentration 
 
The Time of Concentration (Tc) is the time required for runoff to flow from the most remote part 
of the drainage area to the point of interest. The Tc is composed of two components: initial time 
of concentration (Ti) and travel time (Tt).  
 
The Ti is the time required for runoff to travel across the surface of the most remote subarea in 
the study, or “initial subarea.” Guidelines for designating the initial subarea are provided within 
the discussion of computation of Ti. The Tt is the time required for the runoff to flow in a 
watercourse (e.g., swale, channel, gutter, pipe) or series of watercourses from the initial subarea 
to the point of interest. For the RM, the Tc at any point within the drainage area is given by: 
 

Tc = Ti + Tt 
 
Methods of calculation differ for natural watersheds (nonurbanized) and for urban drainage 
systems. When analyzing storm drain systems, the designer must consider the possibility that an 
existing natural watershed may become urbanized during the useful life of the storm drain 
system. Future land uses must be used for Tc and runoff calculations, and can be determined from 
the local Community General Plan. 

 
 
RATIONAL METHOD HYDROGRAPH PROCEDURE  
 
Hydrographs for the pre-and post-development conditions were developed based on the RM study results 
and the procedures in Section 6 of the County’s Hydrology Manual.   
 
The concept of this hydrograph procedure is based on the RM formula.  An assumption of the RM is that 
discharge increases linearly over the Tc for the drainage area until reaching the peak discharge as defined 
by the RM formula, and then decreases linearly. A linear hydrograph can be developed for the peak flow 
occurring over the Tc. However, for designs that are dependent on the total storm volume, it is not 
sufficient to consider a single hydrograph for peak flow occurring over the Tc at the beginning of a 6-hour 
storm event because the hydrograph does not account for the entire volume of runoff from the storm 
event. The volume under the linear hydrograph is equal to the rainfall intensity multiplied by the duration 
for which that intensity occurs (Tc), the drainage area (A) contributing to the design location, and the 
runoff coefficient (C) for the drainage area. For designs that are dependent on the total storm volume, a 
hydrograph must be generated to account for the entire volume of runoff from the 6-hour storm event. 
The hydrograph for the entire 6-hour storm event is generated by creating a rainfall distribution 
consisting of blocks of rain, creating an incremental hydrograph for each block of rain, and adding the 
hydrographs from each block of rain. This process creates a hydrograph that contains runoff from all the 
blocks of rain and accounts for the entire volume of runoff from the 6-hour storm event. The total volume 
under the resulting hydrograph is equal to the following equation:  
 

VOL = CP6A 
 
Where:  VOL = volume of runoff (acre-inches) 
 P6 = 6-hour rainfall (inches) 
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 C = runoff coefficient 
 A = area of the watershed (acres) 
 
 
SUMMARY OF RESULTS 
 
Pre- and post development hydrology maps, RM hydrology calculations and RM hydrograph calculations 
for the site are attached to this report as Attachment 1.   
 
Results of the RM analysis are summarized in the following table.   
 

SUMMARY OF PRE- AND POST DEVELOPMENT DISCHARGE AT NODE 110 
C Tc I A Q V NOTES 

(min) (in/hr) (acre) (cfs) (ft/sec) 
PRE-DEVELOPMENT CONDITIONS 
0.41 11.76 5.01 4.32 8.82   
POST-DEVELOPMENT CONDITIONS (UNMITIGATED) 
0.62 11.92 4.95 3.93 11.75 

 
 0.39 acres in right-of-way and onsite slopes 

adjacent to the parkway is contained and self- 
treating in parkway. 

 
Runoff volumes for the pre- and post-development conditions from the hydrograph analysis are 
summarized in the table below. 
 

SUMMARY OF PRE- AND POST DEVELOPMENT RUNOFF VOLUME AT NODE 110 
Pre-Development 5.90 acre-inch 0.49 acre-ft 
Post-Development 8.01 acre-inch 0.67 acre-ft 
Required Detention/Retention 2.11 acre-inch 0.18 acre-ft 

 
If unmitigated, development of the site would result in a roughly 33% increase in peak discharge for the 
100-year storm event.  The project is required to implement flow control measures to comply with 
hydromodification requirements. Bioretention BMPs as shown on the site plan and documented in the 
project’s Storm Water Mitigation Plan (SWMP) will provide retention/detention and will have orifice 
outlets that will reduce post-development peak discharge to less than the pre-development peak 
discharge. 
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Figure 2.  Site Drainage Subarea Map 
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