Hydromodification Management Plan

INTRODUCTION
This report summarizes the approach used to model the proposed Melrose Heights project site in
Oceanside, CA using the Environmental Protection Agency (EPA) Storm Water Management
Model 5.0 (SWMM). SWMM models were prepared for the pre and post developed conditions
at the site in order to determine if the proposed bioretention and detention basin facilities have
sufficient footprint to meet the current Hydromodification Management Plan (HMP)
requirements from the Regional Water Quality Control Board (RWQCB).
SWMM MODEL DEVELOPMENT
Six (6) SWMM models were prepared for this study, one for each point of compliance (POC) in
existing conditions and one for each POC in the proposed condition. For all SWMM models,
flow duration curves were prepared to determine if the proposed bioretention footprint was
sufficient to meet the current HMP requirements.
The inputs required to develop SWMM models include rainfall, watershed characteristics, and
BMP configurations. The Oceanside Gage from the Project Clean Water website was used for
this study, since it is the most representative of the project site precipitation among the three
gages used for modeling the characteristics of the county by the approved calculator (Lindbergh,
Wohlford and Oceanside).
Evaporation for the site was modeled using average monthly values from the county hourly
dataset. The site was determined to have about 70% of hydrologic soil groups A and about 30%
of hydrologic soil groups D soils from both the San Diego County Hydrology Manual soil map
and the USGS Survey web-based Soil Survey Map. Hydrologic soil group D soils were assumed
for SWMM model. SWMM inputs for the subareas are discussed in the appendix to this
document where the selection of the parameters is explained in detail.

BIORETENTION MODELING
Developed storm water runoff from the main body of the project site is routed through three (3)
bioretention basins located within the project boundary. Storm flows from the proposed
residences drain to these aforementioned bioretention basins via storm drain or overland flow.
The bioretention basins discharge to an unnamed creek, tributary of the San Luis Rey River, to
the north-northwestof the project site.
Basin Discussion:
Flow control in each basin is achieved using orifices on a concrete riser box. The size, number
and location of the orifices are presented in the Basin Table below. Each basin also contains an
emergency overflow riser or notched spillway that is only utilized if the orifices become blocked.
Sizing and further peak flow discussion is in the “Drainage Report for Melrose Heights”.
Basin Table
BR-1
3.55
3
5
18
18

Riser/Spillway Height (ft)*
Riser Diameter (ft)
Basin Depth (ft)
Amended Soil Depth (in)
Class 2 Perm. Depth (in)

Peak Orifice
No. of Orifices
-

BR-2
3.55
3
5
18
18

BR-3
3.8
6
5
18
24

-

4

Diameter (in)

-

-

6

Depth (ft)

-

-

1.75

No. of Orifices

4

4

6

Diameter (in)

6

6

6

1.5

1.5

1.45

Top Orifice

Depth (ft)

Middle Orifice
No. of Orifices

4

4

6

Diameter (in)

4

4

4

Depth (ft)

1

1

1

Bottom Orifice
No. of Orifices

2

2

1

Diameter (in)

2

2

2

0.25

0.25

0.25

1
2

1
2

Depth (ft)

Sub-Drain Orifice
No. of Orifices
1
Diameter (in)
2
*From finish grade

FLOW DURATION CURVE COMPARISON
The Flow Duration Curves (FDC) for the site were compared at the POCs 1, 2, 3 & 4 by
exporting the hourly runoff time series results from SWMM to a spreadsheet. FDC was
compared between 10% of the existing condition Q2 up to the existing condition Q10. The Q2
and Q10 were determined using a partial duration statistical analysis of the runoff time series in
an Excel spreadsheet using the Cunnane plotting position method (which is the preferred plotting
methodology in the HMP Permit). As the SWMM Model is a statistical analysis based on the
Weibull Plotting Position Method, the Weibull Method was also used within the spreadsheet to
ensure that the results were similar to those obtained by the SWMM Model.
The range between 10% of Q2 and Q10 was divided into 100 equal time intervals; the number of
hours that each flow rate was exceeded was counted from the hourly series. Additionally, the
intermediate peaks with a return period “i” were obtained (Q i with i=3 to 9). For the purpose of
the plot, the values were presented as percentage of time exceeded for each flow rate.
FDC comparison at POCs 1, 2 & 3 are illustrated in Figures 1, 2 & 3 in both normal and
logarithmic scale. Attachment 7 provides detailed drainage exhibit for the post-developed
condition.
As can be seen in Figure 1, the FDC for the proposed condition with the bioretention basin are
within 110% of the curve for the existing condition. The additional runoff volume generated
from developing the site will be released to the downstream storm drain at a flow rate below the
10% Q2 lower threshold. Additionally, the project will also not increase peak flow rates between
the Q2 and the Q10, as shown in the graphic and also in the attached table.
SUMMARY
This study has demonstrated that the proposed bioretention footprint at the Melrose Heights site
is sufficient to meet the current HMP criteria if the bioretention cross-section areas and volumes
recommended within this technical memorandum are incorporated within the proposed project
site.
KEY ASSUMPTIONS
1. D Soils are representative of the existing condition site.
ATTACHMENTS
1. Q2 to Q10 Comparison Table
2. FDC Plots (log and natural “x” scale) and Flow Duration Table.
3. List of the “n” largest Peaks: Pre-Development and Post-Development Conditions
4. Elevation vs. Area Curves and Elevations vs. Discharge Curves to be used in SWMM
5. Project Plan and Bioretention section sketches
6. SWMM Input Data in Input Format (Existing and Proposed Models)
7. SWMM Screens and Explanation of Significant Variables

8. Drying Time of the Surface Layer of Bio-retention cells
9. USGS Soil Map with Soil Types and Hydrologic Soil Groups.
10. Summary files from the SWMM Model

Figure 1a and 1b. Flow Duration Curve Comparison (logarithmic and normal “x” scale)

Figure 2a and 2b. Flow Duration Curve Comparison (logarithmic and normal “x” scale)

Figure 3a and 3b. Flow Duration Curve Comparison (logarithmic and normal “x” scale)

Figure 4a and 4b. Flow Duration Curve Comparison (logarithmic and normal “x” scale)
ATTACHMENT 1.
Q2 to Q10 Comparison Table Basin 1
Return Period

Existing Condition
(cfs)

Mitigated Condition
(cfs)

Reduction, Exist Mitigated (cfs)

10-year

6.166

2.880

3.286

9-year

5.869

2.880

2.989

8-year

5.688

2.734

2.954

7-year

5.570

2.624

2.946

6-year

5.163

2.404

2.760

5-year

5.054

2.361

2.693

4-year

4.957

2.237

2.720

3-year

4.305

1.882

2.423

2-year

3.900

1.550

2.350

Q2 to Q10 Comparison Table Basin 2
Return Period

Existing Condition
(cfs)

Mitigated Condition
(cfs)

Reduction, Exist Mitigated (cfs)

10-year

5.406

3.072

2.334

9-year

5.386

2.988

2.398

8-year

5.292

2.907

2.385

7-year

5.194

2.810

2.384

6-year

4.756

2.620

2.137

5-year

4.671

2.522

2.150

4-year

4.489

2.210

2.279

3-year

3.972

1.902

2.070

2-year

3.470

1.500

1.970

Q2 to Q10 Comparison Table Basin 3
Return Period

Existing Condition
(cfs)

Mitigated Condition
(cfs)

Reduction, Exist Mitigated (cfs)

10-year

12.552

7.996

4.556

9-year

12.513

7.556

4.956

8-year

12.336

7.375

4.961

7-year

12.142

7.290

4.852

6-year

11.113

6.705

4.408

5-year

10.897

6.468

4.429

4-year

10.433

6.197

4.236

3-year

9.280

5.302

3.978

2-year

8.020

4.420

3.600

ATTACHMENT 2 - Flow Duration Curve Analysis, Plot & Table
Flow duration curve shall not exceed the existing conditions by more than 10% neither in peak
flow nor duration.
The figure on the following page illustrates that the flow duration curve in post-development
conditions after the proposed BMPs is below the existing flow duration curve. The flow
duration curve table following the curve shows that if the interval 0.10Q 2 – Q 10 is divided in
100 sub-intervals, then a) the post development divided by pre-development durations are
never larger than 110% (the permit allows up to 110%); and b) there are no more than 10
intervals in the range 101%-110% which would imply an excess over 10% of the length
of the curve (the permit allows less than 10% of excesses measured as 101-110%).
Consequently, the design passes the hydromodification test.
It is important to note that the flow duration curve can be expressed in the “x” axis as
percentage of time, hours per year, total number of hours, or any other similar time variable. As
those variables only differ by a multiplying constant, their plot in logarithmic scale is going
to look exactly the same and compliance can be observed regardless of the variable
selected. The selection of a logarithmic scale in lieu of the normal scale is preferred, as
differences between the pre-development and post-development curves can be seen more
clearly in the entire range of analysis. Both graphics are presented for reference.
In terms of the “y” axis, the peak flow value is the variable of choice. As an additional analysis
performed by H&A, not only the range of analysis is clearly depicted (10% of Q 2 to Q 10 ) but
also all intermediate flows are shown (30% of Q 2 , 50% of Q 2 , Q 2 , Q 3 , Q 4 , Q 5 , Q 6 , Q 7 ,
Q 8 and Q 9 ) in order to demonstrate compliance at any range Q x – Q x+1 . It must be
pointed out that one of the limitations of both the SWMM and SDHM models is that the
intermediate analysis is not performed (to obtain Q i from i = 2 to 10). H&A performed
the analysis using the Cunnane Plotting position Method (the preferred method in the
HMP permit) from the “n” largest independent peak flows obtained from the continuous
time series.
The largest “n” peak flows are attached in this appendix, as well as the values of Q i with a
return period “i”, from i=2 to 10. The Q i values are also added into the flow-duration plot.

ATTACHMENT 3 - List of Peak Events and Determination of Q2 & Q10

ATTACHMENT 4 - Elevation vs. Area Curves vs. Discharge Curves to be used in SWMM
Elevation vs. Area
For the portion of the flow diverted in the LID Control to the receiving detention basin, a pond
is used to route the hydrographs. The elevation vs area curve in the model is calculated in Excel
and imported into the model at a 0.1 ft interval range.
Elevation vs Discharge
The total discharge peak flow is imported from an Excel spreadsheet that calculated the
elevation vs discharge of the multiple outlet system.
The orifices have been selected to maximize their size while still restricting flows to conform to
the required 10% of the Q2 event flow as mandated in the Final Hydromodification
Management Plan by Brown & Caldwell, dated March 2011. While we acknowledge that these
orifices are small, to increase the size of these outlets would impact the basins’ ability to
restrict flows beneath the HMP thresholds, thus preventing the BMP from conformance
with HMP requirements.
In order to prevent blockage of the orifices, a debris screen will be fitted to the base invert of
the lower orifices located within the detention basin. Regular maintenance of the riser and
orifices will be performed to ensure potential blockages are minimized. A detail of the orifice
and riser structure is provided in Attachment 5 of this attachment. The stage-storage and stagedischarge calculations have been provided on the following pages.

ATTACHMENT 5 - Bio Retention Details

ATTACHMENT 6 - SWMM Input Data (Existing and Proposed Models)

ATTACHMENT 7 - SWMM Screens and Explanation of Significant Variables
Attached, the reader can see the screens associated with the EPA-SWMM Model in both predevelopment and post-development conditions. Each portion, i.e., sub-catchments, outfalls,
storage units, LID controls for the bio-retention cells, ponding on top of the bio-retention
(modeled as a storage unit), weir as a discharge, and outfalls (point of compliance), are also
shown.
Variables for modeling are associated with typical recommended values by the EPA-SWMM
model, typical values found in technical literature (such as Maidment’s Handbook of
Hydrology). Recommended values for the SWMM model have been attained from the interim
Orange County criteria established for their SWMM calibration. Currently, no recommended
values have been established by the San Diego County HMP Permit for the SWMM Model.
Soil characteristics of the existing soils were determined from the USGS sources.
Some values incorporated within the SWMM model have been determined from the
professional experience of H&A using conservative assumption that have a tendency to
increase the size of the needed BMP and also generate a long-term runoff as a percentage of
rainfall similar to those measured in gage stations in Southern California by the USGS.
Description of model parameters and assumptions:
N-Imperv – Manning’s N for impervious surfaces
0.012 (typical)
N-Perv – Manning’s N for pervious surfaces
0.05 (typical)
Dstore-Imperv – Depth of depression storage on impervious area (in)
0.02 (typical)
Dstore-Perv – Depth of depression storage on pervious area (in)
0.1 (typical)
%Zero-Imperv – Percentage of impervious area with no depression storage (%)
25 (typical)
Suction Head – Soil capillary suction head (in)
Conductivity – Soil saturated hydraulic comfuctivity (in/hr)
-75% of these values if subcatchment is graded/compacted
Initial Deficit – Initial moisture deficit (fraction)
Soil Type
A
B
C
D

Suction Head

Conductivity

Initial Deficit

1.5
3
6
9

0.3
0.2
0.1
0.025

0.33
0.32
0.31
0.30

NOTE : These values are based on Maidment’s Handbook of Hydrology, Orange County calibrations for
SWMM and recommended values form the EPA SWMM program.

POC 1 – Pre-Developed Condition

POC 2 – Pre-Developed Condition

POC 3 – Pre-Developed Condition

POC 1 – Developed Condition

POC 2 – Developed Condition

POC 3 – Developed Condition

EXPLANATION OF SELECTED VARIABLES
Parameters for the pre- and post-developed models include soil type B in accordance with the
San Diego County Hydrology Manual and the USGS Soil Survey Map (attached at the end of this
appendix). Suction head, conductivity and initial deficit corresponds to average values
expected for the soil types, according to sources consulted, professional experience, and
approximate values obtained by the interim Orange County modeling approach.
H&A selected infiltration values, such that the percentage of total precipitation that becomes
runoff, is realistic for soil type D and slightly smaller than measured values for Southern
California watersheds.
Selection of a Kinematic Approach: As the continuous model is based on hourly rainfall, and the
time of concentration for the pre-development and post-development conditions is significantly
smaller than 60 minutes, precise routing of the flows through the impervious surfaces, the
underdrain pipe system, and the discharge pipe was considered unnecessary. The truncation
error of the precipitation into hourly steps is much more significant than the precise routing
in a system where the time of concentration is much smaller than 1 hour.
Sub-catchments BR-1 & BR-2:
The area of Prop-X + BR-X must be equal to the area of the development tributary to that
particular bio-retention facility. Five (5) decimal places were given regarding the areas of the
bio-retention to insure that the area used by the program for the LID subroutine corresponds
exactly with these tributaries.

BIORETENTION 1

BIORETENTION 3

BIORETENTION 2

BIORETENTION 1

BIORETENTION 2

BIORETENTION 3

LID Control Editor: Explanation of Significant Variables
Storage Depth:
The storage depth variable within the SWMM model is representative of the storage
volume provided beneath the engineered soil and mulch components of the bioretention
facility. This storage volume is comprised of a gravel located bed beneath a layer of engineered
soil and a 0.25 foot (3-inch) layer of landscaping mulch.
Porosity:
A porosity value of 0.4 has been selected for the model. The amended soil is to be
highly sandy in content in order to have a saturated hydraulic conductivity of approximately 5
in/hr.
H&A considers such a value to be slightly high; however, in order to comply with the
HMP Permit, the value recommended by the Copermittees for the porosity of amended soil is
0.4, per Appendix A of the Final Hydromodification Management Plan by Brown & Caldwell,
dated March 2011.
Void Ratio:
The ratio of the void volume divided by the soil volume is directly related to
porosity as n/(1-n). As the underdrain layer is composed of gravel, a porosity value of 0.4 has
been selected, which results in a void ratio of 0.4/(1-0.4) = 0.67 for the gravel detention layer.
Clogging factor:
A clogging factor was not used (0 indicates that there is not clogging assumed
within the model). The reason for this is related to the fairness of a comparison with the SDHM
model and the HMP sizing tables: a clogging factor was not considered, and instead, a
conservative value of infiltration was recommended.
Drain (Flow) coefficient:
The flow coefficient in the SWMM Model is the coefficient needed to
transform the orifice equation into a general power law equation of the form:
(1)
where q is the peak flow in in/hr, n is the exponent (typically 0.5 for orifice equation), H D is
the elevation of the centroid of the orifice in inches (assumed equal to the invert of the orifice
for small orifices and in our design equal to 0) and H is the depth of the water in inches.
The general orifice equation can be expressed as:
(2)

where Q is the peak flow in cfs, D is the diameter in inches, c g is the typical discharge
coefficient for orifices (0.61-0.63 for thin walls and around 0.75-0.8 for thick walls), g is the
acceleration of gravity in ft/s 2, and H and H D are defined above and are also used in inches in
Equation (2).
Cutoff Flow:
This is the only significant variable in the diversion, as the type of diversion is defined by this
value. Any excess of flow over this value will be diverted into a pond subroutine (the surface
stage of the bio-retention basin) and routed there. The determination of this value equates to
the value obtained with equation (2) above, plus 1%, when H = depth of gravel layer and H D=0
(orifice situated at the datum). Thus, once flows exceed the maximum discharge the LID orifice
experiences a head of the storage depth, ponding occurs within the bioretention basin, routing
these additional flows via the pond riser.

Note:
The complete storage and rating curves and the respective explanation is shown at the end of
this appendix. A variable area vs. elevation storage curve was used for the final model, and a
discharge that is a function of the outlet structure in the surface was used also.

BIORETENTION 1

BIORETENTION 2

42

BIORETENTION 3

43

ATTACHMENT 8 - Drying Time of the Surface Layer of Bio-retention cells
The LID subroutine of the SWMM Model does not increase the discharge of the lower
LID orifice once the storage layer is full (in other words, it does not consider the
influence of the pressure in the amended soil layer). The discharge of the lower LID
orifice when the surface layer is full is considered constant by the model and equal to
the discharge of the lower orifice when the storage layer is full (equal to the cutoff
flows).
The drying time interval between an elevation
obtained by:

and another elevation

Qave represents the average discharge between elevation y i and yi+1 obtained by
where ∆V represents the fraction of the volume that must be discharged
at a peak flow

.

The volume and the discharge change as the elevation changes; the calculation takes
into account this change.

44

can be

ATTACHMENT 9 – Hydromodification Watershed Maps
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ATTACHMENT 10 – USGS Soils Map with Hydrologic Soil Groups
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Area of Interest (AOI)
Soils
Soil Rating Polygons
A
A/D
B
B/D
C
C/D
D
Not rated or not available
Soil Rating Lines
A

MAP INFORMATION
The soil surveys that comprise your AOI were mapped at 1:24,000.

C
C/D

Warning: Soil Map may not be valid at this scale.

D
Not rated or not available
Water Features
Streams and Canals

Enlargement of maps beyond the scale of mapping can cause
misunderstanding of the detail of mapping and accuracy of soil line
placement. The maps do not show the small areas of contrasting
soils that could have been shown at a more detailed scale.
Please rely on the bar scale on each map sheet for map
measurements.

Transportation
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Interstate Highways
US Routes
Major Roads
Local Roads
Background
Aerial Photography

A/D

Source of Map: Natural Resources Conservation Service
Web Soil Survey URL: http://websoilsurvey.nrcs.usda.gov
Coordinate System: Web Mercator (EPSG:3857)
Maps from the Web Soil Survey are based on the Web Mercator
projection, which preserves direction and shape but distorts
distance and area. A projection that preserves area, such as the
Albers equal-area conic projection, should be used if more accurate
calculations of distance or area are required.
This product is generated from the USDA-NRCS certified data as of
the version date(s) listed below.

B

Soil Survey Area: San Diego County Area, California
Survey Area Data: Version 8, Sep 17, 2014

B/D
C

Soil map units are labeled (as space allows) for map scales 1:50,000
or larger.

C/D
D

Date(s) aerial images were photographed:
2014

Not rated or not available

Nov 3, 2014—Nov 22,

The orthophoto or other base map on which the soil lines were
compiled and digitized probably differs from the background
imagery displayed on these maps. As a result, some minor shifting
of map unit boundaries may be evident.
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Hydrologic Soil Group—San Diego County Area, California

Melrose Heights Hydrologic Soil
Groups

Hydrologic Soil Group

Hydrologic Soil Group— Summary by Map Unit — San Diego County Area, California (CA638)
Map unit symbol

Map unit name

Rating

Acres in AOI

Percent of AOI

BlD2

Bonsall sandy loam, 9 to D
15 percent slopes,
eroded

0.2

0.4%

BsD

Bosanko clay, 9 to 15
percent slopes

D

0.9

2.1%

BtC

Bosanko stony clay, 5 to D
9 percent slopes

0.4

0.9%

DaC

Diablo clay, 2 to 9
percent slopes

D

5.9

13.2%

LeC2

Las Flores loamy fine
sand, 5 to 9 percent
slopes, erod ed

D

3.2

7.2%

StG

Steep gullied land

2.6

5.7%

TuB

Tujunga sand, 0 to 5
percent slopes

31.5

70.4%

44.8

100.0%

A

Totals for Area of Interest

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey
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Hydrologic Soil Group—San Diego County Area, California

Melrose Heights Hydrologic Soil
Groups

Description
Hydrologic soil groups are based on estimates of runoff potential. Soils are
assigned to one of four groups according to the rate of water infiltration when the
soils are not protected by vegetation, are thoroughly wet, and receive precipitation
from long-duration storms.
The soils in the United States are assigned to four groups (A, B, C, and D) and
three dual classes (A/D, B/D, and C/D). The groups are defined as follows:
Group A. Soils having a high infiltration rate (low runoff potential) when thoroughly
wet. These consist mainly of deep, well drained to excessively drained sands or
gravelly sands. These soils have a high rate of water transmission.
Group B. Soils having a moderate infiltration rate when thoroughly wet. These
consist chiefly of moderately deep or deep, moderately well drained or well drained
soils that have moderately fine texture to moderately coarse texture. These soils
have a moderate rate of water transmission.
Group C. Soils having a slow infiltration rate when thoroughly wet. These consist
chiefly of soils having a layer that impedes the downward movement of water or
soils of moderately fine texture or fine texture. These soils have a slow rate of water
transmission.
Group D. Soils having a very slow infiltration rate (high runoff potential) when
thoroughly wet. These consist chiefly of clays that have a high shrink-swell
potential, soils that have a high water table, soils that have a claypan or clay layer
at or near the surface, and soils that are shallow over nearly impervious material.
These soils have a very slow rate of water transmission.
If a soil is assigned to a dual hydrologic group (A/D, B/D, or C/D), the first letter is
for drained areas and the second is for undrained areas. Only the soils that in their
natural condition are in group D are assigned to dual classes.

Rating Options
Aggregation Method: Dominant Condition
Component Percent Cutoff: None Specified
Tie-break Rule: Higher
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