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1. INTRODUCTION 

This analysis is intended solely to support the Oak Grove Residential project that is the 

subject of the current application (PA160056).  

This analysis shows that the Oak Grove Residential project can be developed now 

creating an ‘Interim Condition’ that complies with SOCHM with no future development 

ever taking place on the CEP property. Because the underground drainage reservoir 

includes infiltration it can serve the function of both water quality control and flow rate 

reduction in the same location. Because it is located outside the FEMA Flood Plain, it can 

be developed without a requirement for a Flood Insurance Rate Map (FIRM) Map 

Revision before or after its construction. 

As a separate matter, the ability to build within the entire building area on Lot 9 will require 

a FIRM LOMR to be issued before the building is occupied. At the time that a grading 

plan and permit is processed, an application for a Conditional Letter of Map Revision 

based on Fill (C-LOMR-F) will be submitted to the County for acceptance and to FEMA 

for approval. After the Grading is complete and Certified, documentation will be 

provided to FEMA for issuance of the LOMR. Note that FEMA typically issues LOMRs and 

does not reprint the FIRMs except for when major regional changes have been made. 

1.1. Purpose 

This Master Drainage Plan (Plan) was developed to support the approval of Tentative 

Tract Map (TTM) Number 17866, also known as the Oak Grove residential development, 

located in Coto De Caza, in the County of Orange.  The Plan presents a tentative tract 

level drainage analysis for the improvements necessary to support the proposed 

development of the Oak Grove residential area.  

The development area is bound by Vista Del Verde to the west, Via Pajaro to the south 

and west and existing low density residential area to the north. It borders an existing 

commercial complex to the south, a residential housing tract to the west, and a natural 

creek to the south-east. Figures 1-1 and 1-2 are the Vicinity Map and Project Site Map, 

respectively.  

It is anticipated that additional hydraulic analysis may be performed during final design 

if alternate BMP, infiltration and basin outlet configurations are considered. 
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1.2. Site Description 

The current project area includes only the Oak Grove Residential property and minor 

improvements on the adjacent CEP that are necessary to support Oak Grove. The portion 

of the property which is being developed currently contains commercial buildings and 

impervious parking areas. This area is currently zoned Community Center Commercial. 

The developed condition will be zoned Low Density Single Family Residential. The site is in 

within the Canada Gobernadora watershed of southern Orange County, which is 

tributary to San Juan Creek. Site drainage generally flows south to Via Pajaro. Currently 

on-site drainage sheet flows from impervious and pervious surfaces and is collected by 

various storm drain pipes that outlet into a small natural creek adjacent to Via Pajaro. 

The natural creek drains south eventually draining into Canada Gobernadora. Canada 

Gobernadora drains south into San Juan Creek which ultimately discharges into the 

Pacific Ocean.   

The proposed project includes minor grading and drainage improvements within the 

current CEP as well as demolition and construction of improvements within the existing 

Community Center Commercial property necessary for the construction of 13 single 

family residential units which makes up Oak Grove.  

Runoff from the project site will mimic drainage patterns in the existing condition. In order 

to provide water quality treatment and match existing runoff rates, the Oak Grove 

project includes a proposed underground infiltration reservoir and bioretention basis. The 

on-site soils consist of high permeability sandy loam and gravel that are suitable for 

infiltration of storm water. However, prior to final design an infiltration test is 

recommended to verify infiltration rates at the proposed structure depths and to confirm 

that underdrains will not be necessary. The BMPs will provide water quality treatment and 

flow attenuation for hydromodification purposes before discharging runoff into the 

natural creek adjacent to Via Pajaro.  

1.3. Scope of Drainage Plan 

This Plan presents hydrologic characteristics for the existing and interim condition 

development. Hydraulic calculations are also provided in this report but only for the 

interim condition. The calculations are provided to show that the permanent drainage 

improvements within the Oak Grove and the temporary drainage features in the CEP will 

convey runoff during the interim and proposed conditions. The existing condition analysis 

will incorporate existing condition impervious areas as well as the current drainage 

patterns for both Oak Grove and CEP. The interim condition will include the proposed 

Oak Grove residential development and the existing CEP condition.  
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The objectives of this study include the following: 

1. Develop existing and proposed condition hydrology maps that identify drainage 
boundaries and subareas within the project area.   

2. Prepare hydrological analysis based on the Orange County Rational Method and 
Small Area Unit Hydrograph Method for the 10-year, 25-year, and 100-year storm 
events. 

3. Evaluate peak runoff attenuation by incorporating the proposed BMP stage 
storage curves into the Small Area Unit Hydrographs for the interim and proposed 
condition. 

4. Provide hydraulic analysis for the proposed Oak Grove. This includes the concrete 
swales and riser. These calculations were based on the Orange County Hydrology 
Manual using the 100-year storm event. 

This report does not discuss water quality or hydromodification requirements or the sizing 

of the proposed BMPs in regards to the water quality requirements.  Detailed discussions 

of the water quality features are contained in the Oak Grove Water Quality 

Management Plan (WQMP), under a separate cover.   
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Figure 1-1: Vicinity Map 
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Figure 1-2: Project Site Location Map 
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2. HYDROLOGIC METHODOLGY 

The hydrology analysis for this project was performed based on the Orange County 

Hydrology Manual (1986 including the 1996 Addendum). The manual recommends use 

of the Rational Method (RM) or the Modified Rational Method hydrology for projects with 

drainage area less than 1 square mile and that do not have detention basins. For 

watershed areas that are less than 1 square mile and contain detention basins the Small 

Area Unit Hydrograph method is necessary. In order to develop a Small Area Unit 

Hydrograph the time of concentration for the watershed is necessary. The Rational 

Method will be used to develop the time of concentration for each of the project 

subwatersheds.  

The hydrologic analysis was performed using the AES and HEC-1 computer programs 

developed by the Hydrologic Engineering Center. The hydrologic model was applied to 

quantitatively estimate the surface runoff flow rates for a range of rainfall events, 

including the 10-, 25-, and 100-year return periods.   

2.1 Rational Method 

The RM hydrology model was developed using a “link-node” model to facilitate the 

analysis of a watershed by dividing the system into a series of inter-connected processes. 

A hydrologic process occurs at a “node” and these are connected by hydraulic 

conveyances or “links.” Additional critical concentration points were identified to 

establish the appropriate nodes, such as at confluences, culvert crossings, or storm drain 

outlets. The link-node model was developed for the backbone storm drain conveyance 

system and computer-generated facility sizing. An overall schematic node diagram was 

developed to diagram the hydrologic processes and verify the basin sub areas are 

correctly modeled. 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 (unit-less) 
 I = average rainfall intensity for a duration equal to the Tc for the area (inch/hour)  
A = drainage area (acres)  
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The runoff coefficient is based on land use and soil type. Soil type can be determined 

from the soil type map provided in the Orange County Hydrology Manual. An 

appropriate runoff coefficient (C) for each type of land use in the subarea was 

generated using the AES Hydrology Program. Runoff coefficients are generated based 

on the land use and impervious area associated with each land use.  

The rainfall intensity is also based on land use and cover type as well as time of 

concentration. The time of concentration and intensities are all generated using the AES 

Hydrology Program. Detailed rational method analysis results for this project are included 

in Appendix B of this report.  

2.2 Unit Hydrograph Method 

The Unit Hydrograph method is used for watersheds larger than 1 square mile to estimate 

peak discharges and volumes of storm water runoff. This method produces a graph of 

discharge vs. time for the entire length of a storm. Input needed to derive a runoff 

hydrograph includes lag time (=0.8Tc), drainage area, appropriate S-graph, rainfall 

depths, soil loss rates, and depth-area-reduction factors. The AES Hydrology Program was 

used to model the project’s drainage characteristics and evaluate the required basin 

size in order to attenuate peak flow rates and match the existing condition.  

2.3 Watershed Hydrologic Information 

The watershed consists of various soils ranging from A to D type, however the project 

watershed consists predominately of soil type A and C. A soil survey was developed using 

the natural resources conservation service’s (NRCS) websoil online survey. The results 

have been provided in Appendix A.   

The land use assumption for the existing condition was based on current undeveloped 

site conditions. The CEP consists of open space, decomposed granite roads, native 

vegetation, landscaped areas and various building structures. The Oak Grove area is 

currently part commercial property and existing equestrian land use. The commercial 

area consists of an existing school building and impervious parking area. 

The CEP will remain equestrian land use that is predominately pervious. The surface 

covers will consist of decomposed granite access roads, dirt arenas, native landscaping, 

and various structures similar to the existing condition. Multiple buildings are being 
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removed in the proposed condition which will reduce impervious land cover. The Oak 

Grove development will consist of a proposed single family residential land use. This was 

used to establish the land use and curve number (CN) assumptions for the on-site project 

watershed and prepare the design hydrology for the project.   

3. HYDRAULICS 

In order to size the proposed drainage improvements, the peak runoff from the 100-year 

storm event was used. The outlet structure was sized to attenuate peak runoff in order to 

meet hydromodification requirements. As previously mentioned, the hydromodification 

analysis is provided in the stand alone WQMP.  

The discharge for the vertical opening on the outlet was computed using the orifice and 

weir equations. Discharge through an opening on the riser was computed using the 

orifice equation: 

Q CA gHo = 2 , Where:  

QO = orifice discharge, in cubic feet per second (cfs) 
C  = orifice discharge coefficient (unit-less) 
A  = cross-sectional area square feet (sf)  
g  = gravitational acceleration (32.174 ft/s2) 

H  = headwater above midpoint of the orifice opening (feet) 

The discharge through the top of the riser was computed using the weir equation:  

Q CLHw = 1 5. , Where:  

Qw = weir discharge, in cubic feet per second (cfs) 
C  = weir discharge coefficient (unit-less), 3.32 was used for sharp-crested weir. 
L  = crest length (feet),    
H  = headwater above crest (feet) 

The top of the combined weir is configured to pass the non-attenuated 100-year storm 

event while sustaining a minimum freeboard of 0.5 feet to the top of embankment.  

The sizing of the proposed concrete swales conveying on-site and off-site flow from the 

project site was performed based on the normal depth using Manning’s equation. The 

swales were sized to convey the 100 year storm event. Results are provided in Appendix 

C.  
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4. DEVELOPMENT CONDITIONS  

This section summarizes the drainage conditions and patterns for each phase of the 

development.  

4.1 Coto Equestrian Preserve Existing Condition Description 

The existing project watershed generally drains in a southeast direction and is divided 

into two sub-drainage areas, A and C. Runoff from sub-area A drains to an existing low 

point and into an existing storm drain adjacent to the east side Via Pajaro. This storm drain 

conveys runoff underneath Via Pajaro and discharges into the natural creek adjacent to 

the roadway. Runoff generated within sub-area C sheet flows through the existing 

commercial area and into the catch basins located at the corner of Via Pajaro and Vista 

Del Verde before draining into the natural creek adjacent to the southeast side of the 

project. Runoff from the site is mainly generated onsite as well as run-on from an adjacent 

low density residential area as shown in the Hydrology Map located in Appendix A.  

Topography was not developed for this off-site area so the drainage areas were 

estimated using available topographic imagery.  

4.2 Interim condition Description 

The interim condition consists of 13 single family residential units. Runoff within the Oak 

Grove development, sub-area D, is being drained in a similar direction as the existing 

condition towards the natural creek adjacent to Via Pajaro. Runoff generated within sub-

area D drains into the proposed residential street and is conveyed north towards the 

proposed concrete swale through a proposed curb and gutter. The concrete swale 

discharges into the proposed underground infiltration reservoir sized to mitigate increases 

in runoff from the proposed development. The reservoir was sized to meet water quality, 

hydromodification, and flood control requirements. The water quality and 

hydromodification sizing criteria is covered in further detail in the stand alone Water 

Quality Management Plan (WQMP). The outlet was sized to convey the peak discharge 

from the 100-year storm event. The outlet sizing methodology is summarized in the 

hydraulic section below. Results for the hydraulic calculations are provided in Appendix 

C of this report. The outlet pipe in the proposed BMP drains into a proposed storm drain 

system within Via Pajaro where it confluences with existing runoff from the CEP property 

(sub-area A). This system traverses south and connects to an existing storm drain which 

drains beneath Via Pajaro and into the natural creek adjacent to Via Pajaro.  
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The hydrologic analysis for the interim condition is based on the proposed grading plan 

for the residential development area and the existing topography for the CEP area 

adjacent to the Oak Grove. Runoff within sub-area A that originally drained southeast 

towards the existing commercial center will be conveyed in a proposed temporary 

concrete drainage channel located along the north side of the Oak Grove 

development. This channel traverses southeast along the north perimeter of the Oak 

Grove property and discharges through a culvert into a storm drain system within Via 

Pajaro. This storm drain discharges into the natural creek adjacent to the east side of the 

development.  

 

5. DISCUSSION OF RESULTS 

This section summarizes the results of the hydrologic and hydraulic analysis, provides a brief 

summary of the existing flood plain evaluation, and a brief summary of the mitigation measures 

that will be taken.  

 

5.1 Flood Plain Evaluation Summary 

According to Federal Emergency Management Agency (FEMA) Flood Insurance Rate Map (FIRM) 

No. 06059C0452J, portions of the project site are located within a Special Flood Hazard Area 

(SFHA) designated as Flood Zone AE. By definition, areas within Flood Zone AE are subject 1-

percent chance of annual flooding. Flood Zone AE traverses the southeast corner of the project 

site and crosses a portion of Lot 9. 

One of the proposed lots (lot 9) falls within the existing limits of FIRM Zone AE as depicted on the 

FIRM created by FEMA attached in Appendix C. This is the portion of the Flood Plain where 

development is allowed and subject to a federal requirement for the purchase of mandatory 

flood insurance unless the FIRM is revised to exclude this area. 

The residential lot can be removed from the flood zone by placing fill on the lot and by applying 

to FEMA for a C-LOMR-F (a conditional letter of map revision based on fill) before the grading plan 

is approved. A final LOMR can be obtained from FEMA only after the grading has been completed 

and certified. Thereafter, any house placed on the lot will not be subject to the mandatory flood 

insurance requirement. 

The Storm Water Basin proposed replaces an existing basin of similar size and location that is partly 

in the Flood Plain. However, in order to avoid additional concerns associated with constructing 

the new basin within the existing Flood Plan the proposed basin has been located entirely outside 

the SFHA and the storm water management capacity of the existing basin in the SFHA has been 

disregarded and can be eliminated.  

The purpose of this configuration is to demonstrate that it is possible to mitigate the drainage from 

Oak Grove without any modification of, or construction within, the SFHA. 
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This approach is not intended to preclude other options that may be considered and approved 

by the County Flood Control department at the time that construction documents are reviewed. 

5.2 Hydrologic and Hydraulic Results 

Hydrology was performed for the existing, interim, and proposed condition. Table 4-1 provides a 

summary for the peak flows for the 100-year storm event. The unmitigated condition represents 

the condition without inclusion of the basin while the mitigated condition accounts for the 

attenuation from the basin. 
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Table 5-1: Oak Grove Hydrology Summary

Discharge 
Points 

Drainage Area 

Flow Rate (cfs) 

10-Year 25-Year 100-Year 

Existing 
Interim/Proposed 

Existing
Interim/Proposed

Existing
Interim/Proposed

Unmitigated Mitigated Unmitigated Mitigated Unmitigated Mitigated 

No. 1 

Area A 32.56 33.12* 10.66 41.15 41.03* 17.15 55.29 54.46* 20.16 

Area B N/A 12.86 6.56 N/A 15.59 8.16 N/A 20.31 10.1 

Total 32.56 45.98 17.22 41.15 56.62 25.31 55.29 74.77 30.26 

No.2 

Area B 8.98 N/A 11.02 N/A 14.43 N/A 

Area C N/A 3.38* N/A N/A 4.16* N/A N/A 5.46* N/A 

Total 8.98 3.38 N/A 11.02 4.16 N/A 14.43 5.46 N/A 

*Areas A and C will not include basins during the interim condition and therefore will only have an unmitigated flow rate. 

The proposed basins will provide the necessary attenuation to reduce peak flow rates during the interim and proposed condition for the 

entire project.  
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5.2.1 Interim Hydrologic and Hydraulic Results 

The proposed basin within the Oak Grove has a 20-inch diameter outlet riser. As shown in the stage 

storage discharge table (Generated from SOCHM) contained in Appendix C, the riser will pass up 

to 40.63 cfs which far exceeds the expected 20.31 cfs.  The riser will convey 20.31 cfs at a height 

of 10.8 feet which is 3.7 feet below the top of the structure. There will be sufficient capacity to pass 

the 20.31 cfs produced during the 100-year storm event while maintaining adequate freeboard.  

The proposed on-site channel will need to be approximately 3 feet wide and 1.5 foot deep to 

convey the 20.31 cfs produced in the 100-year storm event and maintain a 0.5’ freeboard. While 

the proposed interim off-site channel would need to be 1.5 feet deep and 4.5 feet wide to convey 

the 52.03 cfs produced during the 100-year event. Although there is sufficient space to construct 

a 4.5 foot wide 1.5 foot deep channel within the CEP property, not all of the drainage area is 

anticipated to be tributary to this channel. Further analysis is recommended during final design to 

reduce the size of the swale for the off-site area. All of the results are provided in Appendix C of 

this report. 
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6. CONCLUSION 

In conclusion, the Oak Grove residential development can be constructed and the runoff safely 

contained in the proposed streets and concrete channel without the need for underground storm 

drains. The proposed underground infiltration reservoir will be able to convey runoff from the 100-

year storm event while providing water quality benefits and attenuation to meet the 

hydromodification and water quality requirements of the San Diego Regional Water Quality Board 

NPDES Permit.  

Additionally, runoff from the residential development can be segregated from runoff from the 

CEP, treated and then conveyed to the existing storm drain crossing Via Pajaro without new 

construction on the east side of Via Pajaro. Runoff from the CEP that is currently tributary to the 

Oak Grove site can be safely contained and conveyed around the new development by the 

proposed drainage swale which conveys runoff to the existing point of discharge served by the 

existing storm drain crossing within Via Pajaro. 
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8. TECHNICAL APPENDICES 
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(Acre-Ft)
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20" RCP

BASIN A1 RATING TABLE
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.013

Channel Slope 0.01000 ft/ft

Bottom Width 3.00 ft

Discharge 20.31 ft³/s

Results

Normal Depth 0.88 ft

Flow Area 2.63 ft²

Wetted Perimeter 4.76 ft

Hydraulic Radius 0.55 ft

Top Width 3.00 ft

Critical Depth 1.13 ft

Critical Slope 0.00499 ft/ft

Velocity 7.71 ft/s

Velocity Head 0.92 ft

Specific Energy 1.80 ft

Froude Number 1.45

Flow Type Supercritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Normal Depth 0.88 ft

Critical Depth 1.13 ft

Channel Slope 0.01000 ft/ft

Critical Slope 0.00499 ft/ft
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