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1.  INTRODUCTION 

This report summarizes hydromodification design for the Carmel Mountain Ranch Project located 

in the City of San Diego, CA. The hydromodification calculations were performed utilizing 

continuous simulation analysis to size the storm water treatment and control facilities. Storm Water 

Management Model (SWMM) version 5.1 distributed by USEPA is the basis of both existing and 

proposed conditions modeling within this report. The biofiltration basin/hydromodification basin 

sizing and link configuration with the specialized outlet configuration ensures compliance with the 

Hydromodification Management Plan (HMP) requirements from the San Diego Regional Water 

Quality Control Board (SDRWQCB). 

2. PROJECT DESCRIPTION 

The Trails at Carmel Mountain Ranch Project is a proposed residential community located in the 

City of San Diego. The site is approximately 164.5 acres in size and is located east of Interstate 

15, west of Pomerado Road, and between Carmel Mountain Road and Ted Williams Parkway. The 

Property was formerly operated as a golf course and is currently owned by PACS Enterprises, 

LLC. The Proposed Project includes approximately 101.4 acres of open space (including natural 

open space, landscaped slopes, and parkland), and a total of approximately 1200 residential units.   

3.  HYDROMODIFICATION MODELING OVERVIEW 

3. 1 Model Description 

PCSWMM is a proprietary software which utilizes the EPA’s Stormwater Management Model 

(SWMM) as its computational engine, while providing added processing and analytical 

capabilities to streamline design. PCSWMM is essentially a user-friendly shell for SWMM that 

allows rapid development and analysis of SWMM models.   

PCSWMM was employed for this study based on the ability to efficiently create, edit and compare 

models, perform detention routing with the same software, and moreover, due to the tendency for 

SWMM to produce results that have been found to more accurately represent San Diego area 

watersheds than the alternative San Diego Hydrology Model (SDHM). 

SWMM is a semi-distributed hydrologic and hydraulic modeling software that simulates the 

rainfall-runoff response of a watershed based on linear-reservoir overland flow routing. This 
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overland flow routine accounts for the connectedness of pervious, impervious, and Low Impact 

Development (LID) BMPs to the drainage system. LID BMPs are represented with a module in 

SWMM that simulates the water balance through standard LID BMP components, accounting for 

soil percolation, evapotranspiration, underdrain outflow, various media layer storage and subgrade 

infiltration (if applicable). These controls provide a wide range of customizability between the 

various associated parameters and the ability to route underdrain or overflow to other SWMM 

elements, like Storages Nodes and conduits to represent almost any conceivable LID system. 

The outflow from these LID controls, storage components or watersheds is translated into the 

hydraulic component of the model that utilizes energy and momentum principles to determine flow 

through conduits, orifices and other structures. The hydraulics may be computed based on either 

the kinematic or dynamic-wave equations. In this study the former was used because there was no 

need to take downstream hydraulic grade line effects into consideration. 

3.2 Hydromodification Criteria 

The San Diego Regional Water Quality Control Board (SDRWQCB) requires the exceedance 

duration of post-developed flow rates be maintained to within 10% of the pre-developed flow 

durations. This must occur for flow frequencies ranging from a fraction of the 2-year flow (Q2) to 

the 10-year flow (Q10). These flow frequency values may be calculated directly from SWMM 

statistics or estimated based on accepted USGS regression equations. These equations estimate 

flows based on a correlation with watershed area and the mean annual rainfall developed for the 

region. For this project the SWMM output was used because of the exceedingly small values 

calculated by regression equations, which were developed with data from significantly larger 

watersheds.  

The fraction of the Q2 that must be controlled is dependent on the relative erodibility of the channel 

being discharged to, categorized as either High, Medium, or Low susceptibility. By default it is 

assumed that all channels have a High susceptibility, and that therefore the low flow threshold of 

0.1 of the Q2 must be controlled. A Geomorphic Assessment of Receiving Channels may be 

performed to indicate whether the channel erosion susceptibility can be categorized as Medium or 

Low, allowing control to 0.3 or 0.5 of the Q2, respectively.  
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The low-flow threshold used in the analysis for Carmel Mountain Ranch project is the 0.5Q2 low-

flow threshold, as determined as “medium susceptibility” by the geomorphic channel assessment 

analysis performed for the downstream locations. A complete geomorphic assessment report 

completed by Wayne Chang is being submitted with this report. 

3.3 Model Development  

The inputs required for a SWMM model include rainfall, evapotranspiration rates, watershed 

characteristics and BMP configurations. The sources for some of these parameters are provided in 

Table 1 below. 

Table 1: Hydrology Criteria 

Rain Gage ‘Poway’ – from Project Clean Water website  

Evapotranspiration 

Daily E-T Rates taken from Table G.1-1 in the City of San 

Diego BMP Design Manual based on location in Zone 6 of 

California irrigation Management Information System 

“Reference Evapotranspiration Zones” 

Overland Flow Path Length 
Based on available digital topographic data for pre-

development conditions and proposed grading plan for post-

project conditions. 

Soils/Green-Ampt Parameters 

Values for Hydrologic Soil Group ‘C and D’ taken from Table 

G.1-4 in the City of San Diego BMP Design Manual. A 25% 

reduction is applied whenever native soils are compacted. For 

this project, the 25% reduction factor applies to both pre-

development and post-development conditions. 

 

The drainage area to each point of compliance (POC) was delineated with the project boundary 

plus small fragments of adjacent land that drain through the site for both existing and proposed 

conditions. For the proposed model this drainage area has been broken up into the contributing 

drainage management (DMA) areas that drain to BMPs. POC A contains flow from DMAs 5 and 

6 and outlets into Chicarits via a 48” RCP. POC B contains flow from DMAs 1, 2, 8, and 9 (9A-

9C) and outlets into Chicarita Creek via a 72” CIP concrete pipe. DMA 16 flows to POC C and 

outlets into a natural canyon in Unit 16 via a 72” RCP. DMAs 17 and 18 (18A and 18B) are 

conveyed to POC D which outlets into a natural canyon in Unit 15 via a 72” RCP. Finally, POC E 

contains flow from DMA 11 and outlets into a natural canyon in Unit 12 via a 54” RCP. See the 
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Storm Water Quality Management Plan (SWQMP) for more information regarding the pollutant 

control strategy and DMAs.  

The overland flow path lengths were drawn from a visual inspection of the watershed contours, 

extending from the upper ridge to the apparent flow path, perpendicular to the contours. The 

percent imperviousness was calculated based on the estimated imperviousness in the site plan to 

develop the same values used to calculate the Design Capture Volume provided in Attachment 1e 

of the SWQMP. An electronic copy of the model is provided in Attachment C of this report. 

4. Modeling for Hydromodification Compliance 

The pre-developed conditions for the site were modelled based on the existing topography and 

landcover with zero imperviousness. For the post-developed condition, the proposed site footprint 

was represented as an equivalent imperviousness and a short overland flow path length typical of 

urban drainage systems. The lined biofiltration basins were modelled by coupling the bioretention 

LID component to properly represent the media and underdrain, with the storage component to 

represent the basin surface storage.  The parameters utilized for the biofiltration parameters were 

based on the published values in the City of San Diego Stormwater Standards. The basins outlet 

to new proposed storm drains that connect to separate backbone storm drains that discharge to 

Chicarita Creek and/or natural canyons offsite.  

It was determined that this suite of BMPs would be sufficient to provide flow control with the 

storage depths and outlet size provided herein based on the SWMM modeling results. The Status 

Report SWMM output files for the existing condition models are provided in Attachment D and 

the proposed condition output files are provided in Attachment E. 

4.1 Flow Frequency Analysis 

The SWMM statistics calculator was used to determine the pre-developed and post developed flow 

rates for the 2, 5, and 10-year recurrence intervals. These are provided below with the resultant 

low flow threshold based on the geomorphic assessment. The SWMM output used to calculate 

these values is provided in Attachment F. 

A Geomorphic Assessment of Receiving Channels, often referred to as a SCCWRP analysis, was 

performed by Chang Consultants for the Points of Compliance along Chicarita Creek and the 
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natural canyons on the east side of the project. It was determined that the channels had a low 

susceptibility to erosion meaning that a 0.5 factor could be used as to calculate the low flow 

threshold from the flow rate of the 2-year recurrence interval. 

Table 2 – Pre-Developed and Post-Mitigated Flows for POC A (BMP Basins 5 and 6) 

Return Period 
Pre-project - Qpeak 

(cfs) 

Post-project - Mitigated Q 

(cfs) 

LF = 0.5xQ2 1.495 0.363 

2-year 2.989 0.727 

5-year 3.933 1.185 

10-year 4.800 1.813 

 

Table 3 – Pre-Developed and Post-Mitigated Flows for POC B (BMP Basins 1, 2, 8, and 9) 

Return Period 
Pre-project Qpeak 

(cfs) 

Post-project - Mitigated Q 

(cfs) 

LF = 0.5xQ2 5.480 1.693 

2-year 10.960 3.385 

5-year 15.256 4.617 

10-year 16.118 7.114 

 

Table 4 – Pre-Developed and Post-Mitigated Flows for POC C (BMP Basin 16) 

Return Period 
Pre-project Qpeak 

(cfs) 

Post-project - Mitigated Q 

(cfs) 

LF = 0.5xQ2 0.992 0.262 

2-year 1.983 0.524 

5-year 2.721 0.572 

10-year 2.941 0.599 
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Table 5 – Pre-Developed and Post-Mitigated Flows for POC D (BMP Basins 17 and 18) 

Return Period 
Pre-project Qpeak 

(cfs) 

Post-project - Mitigated Q 

(cfs) 

LF = 0.5xQ2 1.580 0.580 

2-year 3.160 1.160 

5-year 4.279 1.756 

10-year 4.572 2.636 

 

Table 6 – Pre-Developed and Post-Mitigated Flows for POC E (BMP Basin 11) 

Return Period 
Pre-project Qpeak 

(cfs) 

Post-project - Mitigated Q 

(cfs) 

LF = 0.5xQ2 1.749 0.212 

2-year 3.497 0.425 

5-year 4.630 0.782 

10-year 5.164 2.400 

 

4.2 Biofiltration Basins 

The basins are composed of above ground storage as well as biofiltration media. These components 

were represented as an LID control (“Bio-retention cell”) in series with a storage node as simulated 

in SWMM. The module allows the user to represent the various stages of a biofiltration basin 

including ponding, media, and gravel storage above and below the underdrain. These layer depths 

were assigned per the design developed for pollutant control as shown in Table 8 and the parameter 

values were assigned with the standard values taken from Table G.1-7 in the BMP Design Manual 

(with some refinement). The underdrain is offset to allow for the dead storage needed. The drain 

coefficients are calculated based on media infiltration of 5 in/hr and basin layer depth and listed in 

Table 7. Drain coefficient calculation is based on C factor calculation equation in the BMP Design 

Manual (Page G-27).  
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Table 7 – Biofiltration Model Summary 

Biofiltration 

BMP # 

Surface 

Area (sf) 

Layer Depth Underdrain 

Orifice  

(in) 

Drain 

Coefficient  
Ponding (in) Soil (in) Gravel Storage (in) 

1 7614 6 27 12 3 0.39 

2 7784 6 27 12 3 0.38 

5 4045 12 27 12 2 0.32 

6 5792 6 27 12 4.5 1.1 

8 9529 6 27 12 3 0.31 

9 8913 6 27 12 4 0.59 

11 14666 6 27 12 3 0.20 

16 5615 6 27 12 3 0.53 

17 5109 6 27 12 3 0.58 

18 4914 6 27 12 4 1.1 

Media and storage parameters taken from Table G.1-7 in BMP Design Manual, including media infiltration = 5 in/hr 

 

To control the flows with this configuration, except for underdrain orifices, a series of flow orifices 

were connected between the biofiltration basin storage node connected to the point of compliance. 

The orifice design is summarized in Table 8. 
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Table 8 – Biofiltration Orifice Design 

Biofiltration 

BMP # 

Low Flow Orifice   Mid Flow Orifice  High Flow Orifice  Overflow Weir 

Dia. (in) 
Offset 

(ft) 

Dia. 

(in) 

Offset 

(ft) 

Dia. 

(in) 
Offset (ft) 

Dia. (ft) or 

Size (ftxft) 

Offset 

(ft) 

1 2 0.5 2 2 - - 4.75x4.75 4.5 

2 3 0.5 2-4in 2.5 - - 4.75x4.75 4.5 

5 1 1.0 1 2 - - 4.75x4.75 3 

6 4 0.5 3-3in 2 - - 4.75x4.75 3.75 

8 3 0.5 4 2 - - 4.75x4.75 4.25 

9 4 0.5 3-3in 2 - - 4.75x4.75 3.5 

11 1.5 0.5 3 3 3 5 4.75x4.75 6 

16 3 0.5 - - - - 4.75x4.75 4.25 

17 3 0.5 4 2.5 - - 4.75x4.75 4 

18 2 0.5 3 2.5 - - 4.75x4.75 3.75 

4.3 Flow Duration Curves for Hydromodification Compliance 

The pre and post developed flow duration exceedance curves were developed for the hourly flow 

data using an automatic partial duration series calculator in PCSWMM.  These curves are graphed 

over the flow ranges listed in Tables 2-6 and are provided in Attachment G.  In all cases the 

duration of post developed flows are brought to well within that of the pre developed flows within 

the low flow and high flow thresholds, indicating that the suite of BMPs will provide the flow 

attenuation required for compliance. 

5.0 SUMMARY 

The predeveloped conditions of the Trails at Carmel Mountain Ranch project were modelled in 

SWMM to determine a baseline of flow durations that would need to be controlled in the post-

developed conditions. The proposed development was also modelled in SWMM with biofiltration 

basins with significant storage. Based on the SWMM model results for this study it is determined 

that the combination of ten biofiltration basin LID BMPs will be able to satisfy the 

hydromodification criteria.  This study is intended to demonstrate that these controls as sized are 

capable of providing hydromodification compliance and a full outlet design will be performed 

during final engineering.  
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