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To download the Santa Margarita Region Hydrology Model and the electronic version of
this document,
please go to http://www.floodcontrol.co.riverside.ca.us/NPDES/SantaMargaritaWsS.aspx#SMdocs

If you have questions about SMRHM or its use, please contact: Clear Creek Solutions, Inc.
360-943-0304 (8 AM — 5 PM Pacific time)
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End User License Agreement

End User Software License Agreement (Agreement). By clicking on the "Accept” Button when
installing the Santa Margarita Region Hydrology Model (SMRHM) Software or by using the Santa
Margarita Region Hydrology Model Software following installation, you, your employer, client and
associates (collectively, "End User") are consenting to be bound by the following terms and
conditions. If you or User do not desire to be bound by the following conditions, click the "Decline"
Button, and do not continue the installation process or use of the SMRHM Software.

The SMRHM Software is being provided to End User pursuant to a sublicense of a governmental
licensee of Clear Creek Solutions, Inc. Pursuant to the terms and conditions of this Agreement, End
User is permitted to use the SMRHM Software solely for purposes authorized by participating
municipal, county or special district member agencies of signatory programs which are organized on
a county-wide basis for implementation of stormwater discharge permits issued by the California
Regional Water Quality Control Board, under the National Pollutant Discharge Elimination System.
The End User is not permitted to use the SMRHM Software for any other purpose than as described
above.

End User shall not copy, distribute, alter, or modify the SMRHM Software.

The SMRHM incorporates data on soils, climate and geographical features to support its intended
uses of identifying site-appropriate modeling parameters, incorporating user-defined inputs into long-
term hydrologic simulation models of areas within the Santa Margarita Region , and assisting design
of facilities for flow duration control as described in the accompanying documentation. These data
may not be adequate for other purposes such as those requiring precise location, measurement or
description of geographical features, or engineering analyses other than those described in the
documentation.

This program and accompanying documentation are provided 'as-is' without warranty of any kind.
The entire risk regarding the performance and results of this program is assumed by End User. Clear
Creek Solutions Inc. and the governmental licensee or sublicensees disclaim all warranties, either
expressed or implied, including but not limited to implied warranties of program and accompanying
documentation. In no event shall Clear Creek Solutions Inc., or authorized representatives be liable
for any damages whatsoever (including without limitation to damages for loss of business profits,
loss of business information, business interruption, and the like) arising out of the use of, or inability
to use this program even if Clear Creek Solutions Inc., has been advised of the possibility of such
damages. Software Copyright © by Clear Creek Solutions, Inc. 2005-2013; All Rights Reserved.
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FOREWORD

The Santa Margarita Region Hydrology Model (SMRHM) is a tool for analyzing the
hydromodification effects of land development projects and sizing solutions to mitigate the
increased stormwater runoff from these projects. This section of the guidance
documentation provides background information on the definition and effects of
hydromodification and relevant findings from technical analyses conducted in response to
regulatory requirements. It also summarizes the current Hydromodification Management
Standard and general design approach for hydromodification control BMPs, which led to
the development of the SMRHM.

Regulatory Context

The California Regional Water Quality Control Board (Regional Board) requires
stormwater programs to address the increases in stormwater runoff rate and volume from
New Development and Redevelopment projects where those increases could cause
increased erosion of receiving channels. Phase 1 municipal separate stormwater system
(MS4) permits in Riverside County contain requirements to develop and implement
hydromodification management plans (HMPs) and to implement associated management
measures.
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ACRONYMS and ABBREVIATIONS

AGWETP Active Groundwater Evapotranspiration Fraction
AGWRC Active Groundwater Recession Constant (per day)
AGWS Initial Active Groundwater Storage (inches)
ASCE American Society of Civil Engineers

ASTM American Society of Testing and Materials

At Tributary Area

BASETP Base Flow (from groundwater) Evapotranspiration Fraction
BMP Best Management Practice

C Runoff Coefficient

CCS Clear Creek Solutions

CEPSC Interception storage (inches)

CF Correction Factor

CFS Cubic Feet per Second

d Surface ponding depth (feet)

DEEPFR Fraction of groundwater to deep aquifer or inactive storage
Dev. Development

DMA Drainage Management Area

Dgs 85™ percentile, 24-hour rainfall depth

Ft Foot

GWVS Initial Groundwater Vertical Slope (feet/feet)

h Hydraulic head (feet)

Headr The water height over the notch/orifice bottom
HMP Hydromodification Management Plan

HSPF Hydrologic Simulation Program in Fortran

H/V Ratio of horizontal to vertical distance

I Gradient of the water table surface (slope)

IFWS Initial interflow (inches)

in. inch

INFEXP Infiltration Exponent

INFILD Infiltration ratio (maximum to mean)

INFILT Infiltration (inches per hour)

INTFW Interflow index

IRC Interflow Recession Constant (per day)

K Hydraulic conductivity (inches per hour)
KVARY Variable groundwater recession

LID Low Impact Development

LSUR Length of surface flow path (feet)

LZETP Lower Zone Evapotranspiration fraction

LZS

Initial Lower Zone Storage (inches)
vii
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LZSN Lower Zone Storage Nominal (inches)

m rank (largest event, m = 1)

Mitigated The developed land use with mitigation measures (as selected by the
user).

MS4 Municipal Separate Storm Sewer System

N Number of years

NRCS Natural Resources Conservation Service

NSUR Surface roughness (Manning's n) for impervious area

NTS Not to Scale

Phi Soil porosity

POC Point of Compliance

Predev Predevelopment: the native land cover conditions prior to any land
use development.

Q Flow rate (cfs)

q Darcy flux (cm/hr)

Qswmp LID BMP flow rate (cfs)

Qcp Critical Flow (cfs)

RETS Initial surface retention storage (inches) for impervious area

RETSC Surface retention storage (inches) for impervious area

SLSUR Slope of surface flow path (feet/feet) for impervious area

SMMWW Stormwater Management Manual for Western Washington

SMR Santa Margarita Region

SMRHM Santa Margarita Region Hydrology Model

SSD Stage Storage Discharge

Stormwater runoff

Stormwater that does not soak into the ground and either flows
directly into surface waterways or is channeled into storm drains

SURS Initial surface runoff (inches) for impervious area
SWMM Stormwater Management Model

Theta Notch Angle

Tr Return period (years)

TSS Total suspended solids

USDA United States Department of Agriculture
Uzs Initial Upper Zone Storage (inches)
UZSN Upper Zone Storage Nominal (inches)
Vemp LID BMP design volume

Vy 85% unit storage volume

WDM Watershed Data Management

WEF Water Environment Federation

Wh Notch Width

WS Water Surface

WWHM Western Washington Hydrology Model

vii
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INTRODUCTION TO SMRHM

SMRHM is the Santa Margarita Region Hydrology Model. SMRHM is based on the
WWHM (Western Washington Hydrology Model) stormwater modeling software platform.
WWHM was originally developed for the Washington State Department of Ecology. More
information about WWHM can be found at www.clearcreeksolutions.com. More
information can be found about the Washington State Department of Ecology's stormwater
management program and manual at
http://www.ecy.wa.gov/programs/wa/stormwater/manual.html.

Clear Creek Solutions is responsible for SMRHM and the SMRHM guidance
documentation.

This guidance documentation is organized so as to provide the user an example of a
standard application using SMRHM (described in Quick Start) followed by descriptions of
the different components and options available in SMRHM. The Tips and Tricks section
presents some ideas of how to incorporate LID (Low Impact Development) facilities and
practices into the SMRHM analysis. Riverside County's Design Handbook for Low Impact
Development Best Management Practices (September 2011) has the most up-to-date
information regarding BMP standards and should be consulted prior to the

start of any SMRHM LID BMP modeling.

Appendices A and B provide a full list of the HSPF parameter values used in SMRHM.
Appendix C contains additional guidance and recommendations by the stormwater
programs that have sponsored the SMRHM development. Appendix D is a checklist for
use by SMRHM project reviewers. Appendix E provides additional background
information on SMRHM.

Throughout the guidance documentation notes using this font (sans-serif italic)
alert the user to actions or design decisions for which guidance must be consulted
that is external to the SMRHM software, either provided in Appendix C of this
guidance documentation or by the Copermittee with jurisdiction over the project
site.

Purpose

The purpose of SMRHM s to size hydromodification management or flow control BMPs
to mitigate the effects of increased stormwater runoff (peak discharge, duration, and
volume) from proposed land use changes that impact natural streams, wetlands, and other
water courses.

SMRHM provides:
e  Auniform methodology for the SMR
e A more accurate methodology than single-event design storms
e  An easy-to-use software package
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SMRHM is based on:

e  Continuous simulation hydrology (HSPF)
Actual long-term recorded precipitation data
Measured pan evaporation data
Existing vegetation (for predevelopment conditions)
Regional HSPF parameters

Computer Requirements
e  Windows 2000/XP/Vista/7/8 with 300 MB uncompressed hard drive space
o Internet access (only required for downloading SMRHM, not required for
executing SMRHM)
o Pentium 3 or faster processor (desirable)
e  Color monitor (desirable)

It is important to know the following information prior to using SMRHM for a
project:
o Knowledge of the site location and/or street address
o Knowledge of the actual distribution of existing site soil by category (A, B, C, or
D)
o Knowledge of the actual distribution of existing and proposed site land cover by
category (forest, shrub, grass, or urban)
o Knowledge of the actual distribution of existing and proposed site topography by
category (flat, moderate, steep, or very steep)
o Knowledge of the planned distribution of the proposed development (buildings,
streets, sidewalks, parking, lawn areas) overlying the soil categories
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QUICK START

Quick Start very briefly describes the steps to quickly size a stormwater runoff detention
pond using SMRHM. New users should read the descriptions of the SMRHM screens,
elements, and analysis tools before going through the steps described below.

1. Open SMRHM.

SMRHM will open with a map of the SMR.

DEd R AHSEmE Oy EEE 0RO




Santa Margarita Region Hydrology Model Guidance — April 2014

. SMRHM

File Edit View Help Summary Report
DEE & 2@ 7 H) &

GERESRE

Santa Margarita
|Sanla Margarita L]

Site Information

Site Name|
Address
City

Gage I I

Precip Factor :l

Map Controls

2] < =

The map controls can be used to enlarge a specific area on the street map layer. This
option helps to locate the specific project site.

When the street map layer is enlarged a sufficient amount the individual street names are
shown on the map.
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2. Select the project site location.

Locate the project site on the map. Use the map controls to magnify a portion of the map, if
needed. Select the project site by left clicking on the map location. A red circle will be
placed on the map identifying the project site.

- SMRHM

File Edit View Help Summary Report

DEE & BE@ A &

@]k i) (=] S b

Santa Margarita

Site Information

Site Name
Address

TN

Gage |Temecula Valley

Precip Factor  [1.000

Map Controls

glglil !ﬂ!l | Isohetal Map I

The model will then automatically select the appropriate rain gauge record for the project
site. The SMR has four long-term 15-minute precipitation records: Eastern Slopes,
Temecula Valley, Western Plateau, and Wildomar/North Murrieta.

For this example we will use the Temecula Valley rain gauge.

The site name, address, and city information is optional. It is not used by SMRHM, but will
be included in the project report summary.
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3. Use the tool bar (immediately above the map) to move to the
Scenario Editor. Click on the General Project Information button.

The General Project Information button will bring
up the Schematic Editor.

- SMRHM

. . A A e Edit Yew Zoom Hep
The schematic editor screen contains two scenarios; DS&H &®m@

Predevelopment and Mitigated. ‘@@@
Run -
Scenario 7

First set up the Predevelopment scenario and then
the Mitigated scenario.

Left click on the Land use Basin element under the
Drainage Elements heading. The Land use Basin
element represents a drainage management area
(DMA).

Melsll T T T =1

Select any grid cell (preferably near the top of the
grid) and left click on that grid. The DMA will
appear in that grid cell.

Move Elements

bl T

Savexy | Load xy |

zm—|] # : ) ) oo
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DMA Total b Actes
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B/4/2M3

F17.4M

To the right of the grid is the land use information associated with the DMA. Select the
appropriate soil, land cover, and land slope for the Predevelopment scenario. Soils are
based on NRCS general categories A, B, C, and D.

Land cover is based on the native vegetation for the Predevelopment project area and the

planned vegetation for the planned development (Mitigated scenario).

Non-urban land

cover can be forest, shrub, and/or grass. In contrast, the developed landscape will consist of
urban vegetation (lawns, flowers, planted shrubs and trees) and is regularly irrigated.

Land slope is divided into flat (0-5%), moderate (5-10%), steep (10-20%), and very steep

(>20%) land slopes.

HSPF parameter values in SMRHM have been adjusted for the different soil, land cover,

and land slope categories.

For this example we will assume that the Predevelopment land use is:

D soil

grass vegetation
moderate slope (5-10%)
DMA equals 10 acres
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Note that the Predevelopment land use never includes man-made impervious areas. EXxisting
impervious areas must be modeled as they were prior to any land use development on the
project site.

Fie Edt View Hep Summary Report

DEd th@R FAunsZdmil éssa Ml

(@1 ul] (1S 3

= Schemaic

Z @E | 3 DMA 1 Predeveloped

Run Predeveloped DMA Name:
Scenario | Suface Interflow Groundwater
Flows To :
Area in Drainage Management Area ™ Showe Only Selected
Available Pervious Acres Available Impervious Acres
¥ BGenSieei0arE | [0 P
BhsVeyshard ] o I BodiMed5id [0
[ — | I~ Foas Steepli02051 ] [0
BlenModsi0s) | [0 I PosdVenStesh20% | [0
BlenSteeiD s | [0 I~ Fod frea 1[0
BUbanVey Sp20%] ] [0 I~ Ditveveays Fla0-5%] 1o
T ] I DivewapMod5105] | [0
C/D Foest Mod510) ] [0 I Divewan S00205% | |0
CoFoensnoa | [0 I~ Diiveways Vesy(> 20%] 1o
T FoestVenb20] ] [0 I~ Sideveals P55 ][
COSmbrRsE ] [0 I Sowekaod510 ] [0
T/ ShabMod5105] ] [0 I~ Sideweaks SHID20% 1o
(O e A ] [ SdewsbaVenb20El | [0
COShbVen(20 ] [0 I~ Parhing Flaflr5%]_ 1o
Eorr | (o l—
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i~ CO s Vet [0 I~ PondArea 1
| Colbenremss ][0 =
Heve Eionnees PerviowTold [l ] Aces
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E 45 DMA Tt i Aces
SEmi| ot ] Deselect Zeio SelectBy:[ 60|
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vi—| B T o v
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The downstream discharge from this DMA will be selected as our point of compliance for
the Predevelopment scenario. Right click on the DMA and highlight Connect to Point of
Compliance (the point of compliance is defined as the location at which the stormwater
runoff from both the Predevelopment scenario and the Mitigated scenario are compared).

The Point of Compliance screen will be | '
The |

= Point Of Compliance

shown for Predevelopment DMA 1.

POC (Point of Compliance) Outlet has been Element DMA 1

checked for both surface runoff and

interflow (shallow subsurface flow). These || OC0ue Select POC_ADD |
are the two flow components of stormwater r'f fmﬁ Flow

runoff. Do not check the groundwater box | = e

unless there is observed and documented |

base flow on the project site.

Click the Connect button in the low right | e

corner to connect this point of compliance to ' - - ' ;
the Predevelopment basin.
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B SMRHM
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After the point of compliance has been added to the DMA, the land use basin element will
change. A small box with a bar chart graphic and a number will be shown in the lower

right corner of the element.
compliance. The number is the POC number (e.g., POC 1).

This small POC box identifies this DMA as a point of
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4. Set up the Mitigated scenario.

- SMRHM

e Edt Vew Zoom Hep
Ded @ PHSEEE O f@lE 000

D9 =Sk
=  Emm

Move Elements ——

Savexy | Losdxy |

‘::h_il #i | ¢le ¥

o — e ———— [ S0

First, select the Mitigated scenario tab at the top of the grid. Place a land use basin element
on the grid to represent the same DMA, as selected in the Predevelopment scenario.

10
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For the Mitigated scenario DMA we will input the following information:

Pervious area:

o D soil

o urban vegetation

o moderate slope (5-10%)
o 4.5 acres

Impervious area:

o Roads, moderate slope: 2.5 acres
o Roof Area: 1.5 acres
o Parking, flat slope: 1.5 acres

The impervious land category includes roads, roofs, sidewalks, parking, driveways, and any
other impervious surfaces. All are modeled the same; the surface runoff produced from an
impervious land surface only varies by land slope (steeper slopes produce more surface
runoff than flatter slopes).

The next step is to add a mitigation facility downstream of the DMA. For this example we

will use a trapezoidal stormwater pond (also known as a detention basin) to provide the
required hydromodification mitigation.
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Place the trapezoidal pond element below the DMA in any cell on the grid. It doesn't have
to be directly below the DMA, but it must be somewhere on a lower row in the grid.

Right click on the DMA and select Connect To Element. A green line will appear with one
end connected to the DMA.
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Pull the other end of the line down to the [kt et nia s

trapezoidal pond with the mouse pointer S

and click on the pond. This action will

bring up the From Basin to Conveyance | o iace Flow —

screen. |
v Interflow

As with the Predevelopment scenario we Gt At —

want to only connect the surface flow and

the interflow (shallow subsurface seepage) -

from the basin to the pond. Click OK. —
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A line will then be shown connecting the DMA to the trapezoidal pond.
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Right click on the trapezoidal pond element to connect the pond's outlet to the point of
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compliance. Highlight and click on Connect to Point Of Compliance.
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The Point of Compliance screen will be shown for the pond. The pond has one outlet (by
default). The outflow from the pond will be compared with the Predevelopment runoff. The
point of compliance is designated as POC 1 (SMRHM allows for multiple points of
compliance). Click on the Connect button.
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The point of compliance is shown on the pond element as a small box with the letter "A"
and number 1 in the bar chart symbol in the lower right corner.

NOTE: The letter "A™ stands for Analysis and designates that this is an analysis
location where flow and stage will be computed and the output flow and stage time
series will be made available to the user. The number 1 denotes that this is POC 1.

You can have an analysis location without having a point of compliance at the same
location, but you cannot have a point of compliance that is also not an analysis

location.
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5. Sizing the trapezoidal pond.
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A trapezoidal stormwater pond can be sized either manually or automatically (using the
Auto Pond feature). For this example Auto Pond will be used. (Go to page 48 to find more

information about how to manually size a stormwater pond, detention basin, or other HMP
BMP.)

Click on the Auto Pond button and the Auto Pond screen will appear. The user can set the
pond depth (default: 4 feet), pond length to width ratio (default: 1 to 1), pond sideslopes

(default: 3 to 1), and the outlet structure configuration (default: 1 orifice and riser with
rectangular notch weir).
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To optimize the pond design and create the smallest pond possible, move the Automatic
Pond Adjuster pointer from the left to the right.
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The pond does not yet have any dimensions. Click the Create Pond button to create initial
pond dimensions, which will be the starting point for Auto Pond's automated optimization
process to calculate the pond size and outlet structure dimensions.

NOTE: Depending on the complexity of the project, the length of the precipitation
record and the computational speed of the computer, Auto Pond may take 1 to 15
minutes to run.

Running Auto Pond automates the following SMRHM processes:

1.  the 15-minute Predevelopment scenario runoff is computed for the 30-50 years
of record (it varies depending on the rain gauge used),

2. the Predevelopment runoff flood frequency is calculated based on the partial
duration peak flows,

3. the range of flows is selected for the flow duration (10% of the 2-year peak to

the 10-year peak),

this flow range is divided into 100 increments, and

5. the number of 15-minute Predevelopment flow values that exceed each flow
increment level (Predevelopment flow duration) are counted to create the flow
duration curves and accompanying tabular results.

&

Next, SMRHM computes the post-development runoff (in the Mitigated scenario) and
routes the runoff through the pond. But before the runoff can be routed through the pond
the pond must be given dimensions and an outlet configuration. Auto Pond uses a set of
rules based on the Predevelopment and Mitigated scenario land uses to give the pond an
initial set of dimensions and an initial outlet orifice diameter and riser (the riser is given a
default rectangular notch). This information allows SMRHM to compute a stage-storage-
discharge table for the pond.
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With this initial pond stage-storage-discharge table SMRHM:

1. routes the 15-minute post-project runoff through the pond for the 30-50 years of
record to create the Mitigated flow time series,

2. counts the number of 15-minute Mitigated flow values that exceed each flow
increment level (this is the Mitigated flow duration), and

3. computes the ratio of Mitigated flow values to Predevelopment flow values for
each flow increment level (comparing the Predevelopment and Mitigated flow
duration results).

If any of the 100 individual ratio values is greater than allowed by the flow duration criteria
then the pond fails to provide an appropriate amount of mitigation and needs to be resized.
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Flow duration results are shown in the plots above. The vertical axis shows the range of
flows from 10% of the 2-year flow (0.40 cfs) to the 10-year flow (8.66 cfs). The horizontal
axis is the percent of time that flows exceed a flow value. Plotting positions on the
horizontal axis typically range from 0.001% to 1%, as explained below.

For the entire 30- to 50-year simulation period (depending on the period of record of the
precipitation station used) all of the 15-minute time steps are checked to see if the flo