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HYDROMODIFICATION MANAGEMENT PLAN

EXECUTIVE SUMMARY

Background

The need to address hydromodification and its influence on water quality is included in the San Diego
Regional Water Board Order R9-2007-001, Provision D.1.g of California Regional Water Quality Control
Board San Diego Region Order R9-2007-0001, which requires the San Diego Stormwater Copermittees to
implement a Hydromodification Management Plan (HMP) “...to manage increases in runoff discharge rates
and durations from all Priority Development Projects, where such increased rates and durations are likely to
cause increased erosion of channel beds and banks, sediment pollutant generation, or other impacts to
beneficial uses and stream habitat due to increased erosive force.”

To address this permit condition, the Copermittees, represented by the County of San Diego, hired a
consultant team and proceeded with developing an HMP that meets the intent of the Permit Order. The
permit requires the Copermittees to develop an HMP for all Priority Development Projects (PDP), with
certain exemptions. The HMP must develop standards to control flows within the geomorphically-significant
flow range. Supporting analyses must be based on continuous hydrologic simulation modeling.

As required by Permit Order No. R9-2007-0001, each Copermittee shall incorporate the approved HMP into
its local Standard Urban Storm Water Mitigation Plan (SUSMP) and implement the HMP for all applicable
PDPs by January 14, 2011.

HMP Development Process

All 21 Copermittees participated in the development of the HMP, both financially and through their
participation in the Copermittees Hydromodification/SUSMP Workgroup. The Workgroup was

convened 14 times over the course of the project at times that corresponded with key decision points in
developing the HMP and the update to the SUSMP. The Workgroup reviewed and commented on all drafts
of the HMP and SUSMP, as well as reviewed all of the public comments received on these documents and
responses to comments.

A key element of the San Diego HMP was the creation and involvement of a Technical Advisory Committee
(TAC). The TAC members consisted of respected individuals from academia, technical resource agencies,
the development community, consulting engineers, and environmental organizations. The TAC was tasked
with providing technical input to the scientific approach and interpretation of results integral to the
establishment of numerical flow control standards for the HMP, and met 11 times since October 2007.

Literature Review

Pursuant to Permit Section D.1.g(1)(e), the consultant team conducted a literature review as a basis for the
initial development of the HMP. The review focused on several key technical areas, including an analysis of
the flow control approaches used in past hydromodification management efforts. Concepts of effective
work, critical flow, and erosion potential were reviewed along with noted stream classification strategies.
Finally, hydromodification management strategies were reviewed, including LID, flow duration control
basins, and in-stream mitigation. The literature review also focused on continuous simulation modeling

BrownoCaldwell
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approaches, rainfall data management, determination of rainfall losses due to infiltration, and determination
of rainfall losses due to evaporation.

To assess the effectiveness of storm water devices to meet hydromodification criteria, peak flow

frequency, and duration statistics were required to be developed. A literature review examining these
statistical methods indicated that the use of a partial-duration series is preferred for climates similar to San
Diego County. The need for partial-duration statistics is more pronounced for control standards based on
more frequent return intervals (such as the 2-year design storm), since the peak annual series statistics do not
perform as well in the estimation of such events. This phenomenon is especially pronounced in the San
Diego region’s semi-arid climate. Partial-duration series frequency calculations consider multiple storm
events in a given year while the peak annual series considers just the peak storm event. The Hydrologic
Research Center (HRC), which is located in San Diego, recommended use of the partial duration series
method to most accurately estimate flow frequency response in the San Diego climate.

Methodology and Technical Approach

Per the Permit Order, a range of runoff flow rates was required to be determined to identify the range for
which Priority Development Project post-project runoff flows and durations shall not exceed pre-project
runoff flows and durations. The Order further required a continuous hydrologic simulation of the entire
rainfall record be generated. In January 2008, Interim HMP standards were developed in order to meet the
Regional Board Order. These requirements pertained only to projects disturbing 50 acres or more.

Per final hydromodification management criteria developed for San Diego County, which will be applicable
to all Priority Development Projects, results of a hydromodification management analysis must adhere to the
following criteria:

= Tor flow rates between the pre-project lower flow threshold (see below) and the pre-project 10-year
runoff event, the post-project discharge rates, and durations may not deviate above the pre-project
discharge rates and durations by more than 10 percent over more than 10 percent of the length of the
flow duration curve.

= Lower flow thresholds may be determined using the HMP Decision Matrix (located in Chapter 6) along
with a critical flow calculator and channel screening tools developed by the Southern California Coastal
Water Research Project (SCCWRP), detailed in Chapter 5. These methods identify lower flow thresholds
for a range of channel conditions. The critical flow calculator recommends a lower flow value of 0.1Q,
0.3Q2, or 0.5Q2 dependent on the receiving channel material and dimensions. This value will be
compared to the channel susceptibility rating (High, Medium, or Low) as determined from the SCCWRP
screening tools located in Appendix B to determine the final lower flow threshold.

® The lower flow threshold may alternately be determined as 10 percent of the pre-project 2-year runoff
event, or 0.1Q2. This approach, which is outlined in the HMP Decision Matrix, is available if the project
applicant chooses not to complete the channel screening analysis.

Information regarding the analysis and categorization of streams from a geomorphic context has been
prepared in a concurrent grant-funded hydromodification study by the Southern California Coastal Water
Research Project (SCCWRP) and the County of San Diego. Screening tools developed by SCCWRP identify
channel susceptibility to hydromodification impacts. These include tools to classify receiving streams as
having either a High, Medium, or Low susceptibility to channel erosion impacts. Where receiving stream
channels are already unstable, the standard is to avoid acceleration of the existing erosion problems. Where
receiving channels are in a state of dynamic equilibrium, hydromodification management may prevent the
onset of erosion or other problems.

Brown~cCaldwell
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Requirements/Standards for Projects

Priority Development Projects are required to implement hydromodification mitigation measures so that
post-project runoff flow rates and durations do not exceed pre-project flow rates and durations where such
increases would result in an increased potential for erosion or significant impacts to beneficial uses.
Hydromodification mitigation can provide:

= Demonstration of no post-project increase in impervious area and resultant peak flow rates as compared
to pre-project conditions;

= Installation of LID BMPs, such as bioretention facilities, to control runoff flows and durations from new
impervious areas;

= Mitigation of flow and durations through implementation of extended detention flow duration
control basins;

= Preparation of continuous simulation hydrologic models and compatison of the pre-project and mitigated
post-project runoff peaks and durations (with hydromodification flow controls) until compliance is
achieved; and

= Implementation of in-stream rehabilitation controls to demonstrate that projected increases in runoff
peaks and/or durations would not accelerate erosion to the rehabilitated receiving stream reach.

The HMP Decision Matrix, which leads project applicants through the HMP compliance options, is located
in Chapter 6.

Exemptions

The HMP Decision Matrix outlines potential exemptions from hydromodification management criteria.
These potential exemptions include discharges to exempt receiving waters such as the Pacific Ocean, to
hardened conveyance systems that extend to exempt systems, as well as discharges to highly urbanized
watersheds (greater than 70 percent imperviousness).

Selection and Implementation of BMPs

The project proponent may use Low-Impact Development (LID) integrated management practices to
mitigate hydromodification impacts, using design procedures, criteria and sizing factors developed by the
consultant team with input from the TAC and Copermittees. The sizing factor development protocol, which
includes the use of a continuous simulation of runoff from the long-term rainfall record, is detailed in
Chapter 7.

LID facilities must be designed to be practically built and maintained within the urban environment. Since
the HMP will be implemented through the municipal development review process, design criteria have been
specified and will be incorporated into conditions of approval. This HMP advocates the use of LID design
approaches to provide both treatment of the 85th percentile water quality event as well as flow control to
meet hydromodification criteria. To assure compliance with hydromodification flow control requirements,
design criteria, specifications, and long-term operations and maintenance requirements have been provided in
the Model SUSMP for a variety of LID-based flow control methods including bioretention basins, flow-
through planter boxes, and bioretention systems in combination with cisterns and vaults. Provisions will also
be provided for the design of larger extended detention flow duration control scenarios subsequent to
approval of the HMP by the Regional Board and subsequent approval of local SUSMPs.

BrownoCaldwell
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Details regarding rainwater harvesting, the collection of storm water for future reuse and a potentially
effective storm water quality mitigation approach, are discussed in the San Diego Model SUSMP document.
Because the release of the collected water is not standardized and since a full collection facility at the onset of
rainfall would provide no flow control benefit, rainwater harvesting methods are not discussed in this HMP.

Proof of a long-term, ongoing maintenance responsibility and mechanism will be required for all post-
construction BMP and flow control facilities. If not properly designed or maintained, hydromodification
flow control devices may create a habitat for vectors such as mosquitoes or rodents. Maintenance activities
for flow control and LID devices will be specified in the proposed Project Submittal.

Monitoring and BMP Evaluation

Chapter 8 of this HMP includes an outline for a monitoring program to assess the effectiveness of
hydromodification management facilities. Monitoring activities will include inflow and outflow monitoring
from BMPs, baseline cross section monitoring, and flow-based sediment monitoring. These monitoring
efforts will coordinate with ongoing hydromodification monitoring work conducted by SCCWRP.
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1. INTRODUCTION

Hydromodification refers to changes in the magnitude and frequency of stream flows as a result of
urbanization and the resulting impacts on receiving channels in terms of erosion, sedimentation, and
degradation of in-stream habitat. The degree to which a channel will erode is a function of the increase in
driving force (shear stress), the resistance of the channel (critical shear stress), the change in sediment
delivery, and the geomorphic condition of the channel. Critical shear stress is the stress threshold above
which erosion occurs. Not all flows cause erosion -- only those that generate shear stress in excess of the
critical shear stress of the bank and bed materials. Urbanization increases the shear stress exerted on the
channel by stream flows and can trigger erosion in the form of incision (channel downcutting), widening
(bank erosion), or both. Increases in flow below critical shear stress levels have little or no effect on

the channel.

Provision D.1.g of the San Diego Regional Water Quality Control Board (RWQCB) Permit Order R9-2007-
0001 requires the Copermittees to implement a HMP “...to manage increases in runoff discharge rates and
durations from all Priority Development Projects, where such increased rates and durations are likely to cause
increased erosion of channel beds and banks, sediment pollutant generation, or other impacts to beneficial
uses and stream habitat due to increased erosive force.” Where receiving stream channels are already
unstable, hydromodification management can be thought of as a method to avoid accelerating or exacerbating
existing problems. Where receiving stream channels are in a state of dynamic equilibrium, hydromodification
management may prevent the onset of erosion or other problems.

To address the permit condition, the San Diego Storm Water Copermittees, represented by the County of
San Diego, hired a consultant team and proceeded with developing an HMP that meets the intent of the
Order. Permit Order R9-2007-0001 contains certain requirements that strongly influence the methodology
chosen in development of the HMP. The Permit requires the Copermittees to develop an HMP for all
Priority Development Projects (with certain exemptions) and develop standards to control flows within the
geomorphically-significant flow range. Supporting analyses must be based on continuous hydrologic
simulation modeling.

The Copermittees will incorporate HMP requirements into the local approval processes via incorporation of
HMP criteria into local SUSMPs. The San Diego region’s updated Model SUSMP will incorporate the Final
HMP criteria. HMP criteria will be incorporated into the local SUSMP and municipal ordinances no later
than 180 days following RWQCB adoption of the HMP.

It should be noted that the San Diego RWQCB jurisdiction area covers the majority of San Diego County. A
portion of eastern San Diego County, all of which is part of the unincorporated County of San Diego, is
under the jurisdiction of the Colorado River RWQCB and is not subject to the provisions of this HMP.
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2. COPERMITTEE HMP DEVELOPMENT PROCESS

Although the County of San Diego serves as the lead agency for development of the HMP, all 20 of the other
Copermittees have participated in its development, both financially and through participation in the
Copermittees” Hydromodification/SUSMP Workgroup, which is a subcommittee of the Copermittees’ Land
Development Workgroup. The Hydromodification/SUSMP Workgroup was convened petiodically over the
course of the project at times corresponding with key decision points in developing the HMP and the update
to the Model SUSMP.

This workgroup was tasked with providing regional standards and consistency in the development,
implementation, assessment, and reporting of urban runoff activities and programs related to
hydromodification management. As required by Permit Section D.1.g, the Workgroup assisted in the
development of the regional HMP.

It should be noted that Copermittees’ Regional Land Development Workgroup will continue to meet to
discuss and resolve any issues that may arise during the HMP implementation phase. The Workgroup will
also assist in the refinement and reinforcement of methodologies, criteria, and standards established in the
HMP. This Workgroup has provided training regionally to municipal staffs as well as the local engineering
community on LID and hydromodification management concepts, as well as requirements in the updated
Model SUSMP and HMP.

The Copermittee HMP Workgroup met 14 times since July 2007. The table below summarizes meeting
dates, locations, and agenda items. In addition to the formal meetings, the Copermittee HMP Workgroup
coordinated via email on countless occasions to review and discuss technical documents, deliberate regarding
specific HMP-related topics and reach consensus to provide direction for the consultant team.

Table 2-1. Copermittee Workgroup Meetings Summary

Date Location Agenda
County of San Diego e Formation of a Technical Advisory Committee
July 26, 2007 9325 Hazard Way  Discussion of HMP requirements in other permits
San Diego, CA o Consultant contract for HMP
City of San Diego . . . . .
Formation of a Technical Advisory Committee
August 23, 2007 2392 Kincaid Road K
San Diego, CA o Consultant contract for HMP
County of San Diego . I L
October 18, 2007 9325 Hazard Way . Develt.)pment 9f interim hy.dromodlflcatlon criteria
San Diego, CA o Technical Advisory Committee
County of San Diego
November 5, 2007 5201 Ruffin Road o Development of interim hydromodification criteria
San Diego, CA
County of San Diego
December 13, 2007 5201 Ruffin Road o Development of interim hydromodification criteria
San Diego, CA
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Table 2-1. Copermittee Workgroup Meetings Summary

Date

Location

Agenda

May 12, 2008

County of San Diego

5201 Ruffin Road
San Diego, CA

o Development of interim hydromodification criteria

June 19, 2008

County of San Diego

5201 Ruffin Road
San Diego, CA

o HMP progress report

October 21, 2008

County of San Diego

5201 Ruffin Road
San Diego, CA

o HMP submittal to the Regional Board

December 16, 2008

County of San Diego

5201 Ruffin Road
San Diego, CA

o HMP submittals to the Regional Board
o Rain gauge data for HMP continuous simulation modeling

January 15, 2009

City of Chula Vista

1800 Maxwell Road
Chula Vista, CA

o Approval of Draft HMP for submittal to RWQCB
o Approval of Model SUSMP for submittal to RWQCB

County of San Diego - .
HMP D Mat
July 20, 2009 5201 Ruffin Road * TV Pecision Wa® .
San Diego, CA o Discussion of potential exemptions
City of Chula Vista o Discussion of Draft Final HMP document

October 28, 2009

1800 Maxwell Road
Chula Vista, CA

 Discussion of HMP implementation
o HMP Design Standards

County of San Diego
June 22,2010 5201 Ruffin Road o HMP Monitoring Plan
San Diego, CA
City of Santee "
September 22, 2010 10601 Magnolia Avenue * HMP Monitoring Plan
Santee, CA o QAPP Development Process

The Copermittees will incorporate HMP requirements into the local approval processes via incorporation of
HMP criteria into their local SUSMPs and municipal ordinances no later than 180 days following RWQCB
adoption of the HMP. The San Diego region’s updated Model SUSMP will also incorporate the Final

HMP criteria.
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3. TECHNICAL ADVISORY COMMITTEE

A key element of the San Diego HMP was the creation and involvement of a TAC. The TAC members
consist of respected individuals from academia, technical resource agencies, the development community,
consulting engineers, and environmental organizations. Dennis Bowling of the San Diego American Public
Works Association (APWA), Chair of the Water Resources Committee, chairs the TAC. A list of all TAC
members and attendees to the meetings is included at the end of this section. The TAC, which has been
convened on t11 occasions that correlated with key decision-making points in the development of the HMP,
was tasked with providing technical input to the HMP’s scientific approach and interpretation of results
integral to the establishment of numerical flow control standards as well as to the Copermittees for their
policy determinations. At each TAC meeting, the consultant team presented a PowerPoint presentation
describing the technical approach, and solicited feedback and buy-in from TAC members. While the TAC
did not always achieve consensus on recommendations to the Copermittee workgroup, its discussions and
alternate views were presented to the Copermittees for their consideration. An example involves comments
provided by the Natural Resources Defense Council INRDC) and Coastkeeper. While some of their
comments, such as their opinion that storm events up to the 100-year event should be considered for
hydromodification mitigation, differed from the majority consensus of the TAC, their comments were
considered and specifically addressed. A comment response document to Coastkeeper comments is included
in Appendix C.

Some of the key input received from the TAC included agreement with the Consultant Team’s approach to
using a synthetic watershed modeling approach to develop flow control standards (due to time constraints
and a lack of published information on local geomorphology); agreement with the selection of 20
representative rain gauges and methodology to address data gaps (to provide the historical rainfall record for
the required continuous simulation hydrologic modeling); agreement on the use of scaled Lindbergh Field
data to conduct the initial modeling efforts (since available local rain gauge data sets were not in a format
suitable for use with continuous simulation software at the time they were required); input on development of
the HMP decision matrix; lower flow threshold calculator; and SCCWRP channel screening tools/domain

of analysis.

The table below summarizes meeting dates, locations, and agenda items for all TAC meetings.

Table 3-1. Technical Advisory Group Meeting Summary

Date Location Agenda

o Formation of a Technical Advisory Committee
o Introduction of Consultant Team

City of San Diego o Proposed approach to developing HMP and Model SUSMP Update
February 20, 2008 Metro Biosolids Conference Rm. (presentations by Dan Cloak, Dan Cloak Environmental Consulting and Andy
San Diego, CA Collison, PWA)

o Input on how much channel erosion is tolerable
o Input on how aggrading channels should be addressed

BrownoCaldwell
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Table 3-1. Technical Advisory Group Meeting Summary
Date Location Agenda
o Recap of Interim HMP Standard
; ; o Input on/agreement with approach on synthetic watershed modeling approach
City of San Diego (presentation by Andy Collison, PWA)
May 29, 2008 Metro Biosolids Conference Rm. . . .
San Diego, CA o Input on/agreement with approach to conducting geomorphic assessment
' o Discussion of approach to conducting continuous hydrologic simulation
modeling
« Input on/agreement with approach to selection of representative gauges and
management of rainfall data (Presentation by Eric Mosolgo, Brown and
. . Caldwell)
City of San Diego o Overview of approach to conducting continuous hydrologic simulation
August 5, 2008 Metro B'OSOI'de Conference Rm. modeling (Presentation by Eric Mosolgo, Brown and Caldwell)
San Diego, CA o Overview of BMP Sizing Tool Development (Presentation by Eric Mosolgo)
o |nitial results of synthetic watershed modeling based on 2 watersheds in San
Diego County (Presentation by Andy Collison, PWA)
o Recap of meeting with Regional Board to discuss HMP and Model SUSMP
Update submittals
' _ o Input on/agreement with approach to supplementing rain gauge data sets and
City of San Diego selection of proper rain gauge(s) for a project (Presentation by Eric Mosolgo,

October 14, 2008

Stormwater Dept. Conference Rm.

Brown and Caldwell)

9370 Chesapeake Drive « Additional discussion of continuous hydrologic simulation modeling, including
San Diego, CA use of partial duration series data (Presentation by Eric Mosolgo and Tony
Dubin, Brown and Caldwell)
 Discussion of findings of synthetic watershed modeling (Presentation by Andy
Collison and Christie Beeman, PWA)
o Review of Draft HMP submittal to RWQCB, review of concurrent SCCWRP
City of San Diego modeling, summary of flow threshold modeling efforts (Presentation by Eric
Stormwater Dept. Conference Rm. Mosolgo, Brown and Caldwell)
February 12, 2009 . . . .
9370 Chesapeake Drive o Presentation of flow threshold analysis and lower threshold alternatives
San Diego, CA including watershed position and channel characteristics (Presentation by

Andy Collison and Christie Beeman, PWA)

City of San Diego

Stormwater Dept. Conference Rm.

* Review of comments prepared by Dr. Richard Horner, prepared on behalf of
Coastkeeper, pertaining to the Draft HMP submitted to the RWQCB; review of
SCCWRP work for San Diego HMP; requirements for partial duration rainfall
series analysis; watershed position affects on lower flow threshold; and

April 21,2009 9370 Chesapeake Drive development of the HMP implementation decision matrix (Presentation by Eric
San Diego, CA Mosolgo, Brown and Caldwell)
o Development of lower flow threshold nomograph and determination of
alternate minimum flow rate (Presentation by Christie Beeman, PWA)
o Summary and review of SCCWRP progress on developing the Channel
Susceptibility Analysis and Domain of Analysis (Presentation by Eric Stein,
SCCWRP, via telephone)
o Review and discussion of lower flow threshold nomograph (Presentation by
City of San Diego Andy Collison, PWA, via telephone)
June 17. 2009 Stormwater Dept. Conference Rm. | o Review of minimum flow rate and cumulative impacts (Eric Mosolgo, Brown
’ 9370 Chesapeake Drive and Caldwell)
San Diego, CA o Response to Coastkeeper comments on Draft HMP (Eric Mosolgo, Brown and

Caldwell)

o Discussion of BMP Sizing Calculator development (Presentation by Tony
Dubin, Brown and Caldwell, via telephone, and Eric Mosolgo)

e Discussion of Draft HMP Decision Matrix (Eric Mosolgo, Brown and Caldwell)
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Table 3-1. Technical Advisory Group Meeting Summary

Date Location Agenda
o Review of SCCWRP progress on developing the channel screening tools (Eric
City of San Diego Mosolgo, Brown and Caldwell)
July 29, 2009 Stormwater Dept. Conference Rm. | o Discussion of Revised Draft HMP Decision Matrix (Eric Mosolgo, Brown and
' 9370 Chesapeake Drive Caldwell)
San Diego, CA o Responses to RWQCB comments on Draft HMP submittal (Eric Mosolgo,
Brown and Caldwell)
o Summary and review of SCCWRP progress on developing the Channel
Susceptibility Analysis and Domain of Analysis (Presentation by Eric Stein,
City of San Diego SCCWRP)
September 30, Stormwater Dept. Conference Rm. | e Discussion of Track 1 and Track 2 flow threshold analysis development
2009 9370 Chesapeake Drive (Presentation by Andy Collison, PWA, via telephone and Webcast)
San Diego, CA o Discussion of Draft HMP Decision Matrix, HMP exemptions, design standards
technical memo, and proposed monitoring plan (Eric Mosolgo, Brown and
Caldwell)
o Discussion of minimum orifice size (Eric Mosolgo, Brown and Caldwell)
City of San Diego « Review of proposed monitoring plan (Eric Mosolgo, Brown and Caldwell)
October 16. 2009 Stormwater Dept. Conference Rm. | o Review of lower flow threshold analysis and modification to the PWA calculator
' 9370 Chesapeake Drive (Eric Mosolgo, Brown and Caldwell)
San Diego, CA o Review and discussion of revised HMP Decision Matrix incorporating the
SCCWRP Channel Susceptibility tools (Eric Mosolgo, Brown and Caldwell)
City of San Diego
Stormwater Dept. Conference Rm. .
June 21, 2010 9370 Chesapeake Drive o HMP Monitoring Plan
San Diego, CA

The tables below list TAC members, non-TAC member meeting attendees, and the HMP Consultant Team.

Table 3-2. Technical Advisory Committee (TAC)

Name and Entity

Sector Represented

Sara Agahi, County of San Diego

San Diego Stormwater Copermittees

Edward Beighley, San Diego State University

BMP and Erosion Control Expert

Livia Borak, San Diego Coastkeeper, Natural Resources Defense

Council (NRDC)

Environmental Community

Dennis Bowling, Rick Engineering

Chair of TAC

Dr. Howard Chang, San Diego State University

Geomorphology Expert

Rob Hawk, City of San Diego

Geotechnical Expert

Mikhail Ogawa, Mikhail Ogawa Engineering

TAC Coordinator

Eric Reichard, U.S. Geological Survey

Geology Expert

Eric Sattler, Spear & Associates

North County Engineers Council

Gabriel Solmer, San Diego Coastkeeper, Natural Resources Defense

Council (NRDC)

Environmental Community

Eric Stein, Southern California Coastal Water Research Project

(SCCRWP)

Technical Resource Agency

Garret Tam Sing, CA Department of Water Resources

Technical Resource Agency

Martin Teal, West Consultants

Consulting Engineers

Tory Walker, Tory Walker Engineering

Building Industry Association

BrownoCaldwell

3-3

Use of contents on this sheet is subject to the limitations specified at the end of this document
S:\Projects\San Diego County\133904 - SDCo Hydromod Management Plan\WP\HMP\09_Final HMP_Mar2011\104720_FINAL_San Diego HMP_Mar2011.docx



Administrative Record Page No.

Section 3

030339

Hydromodification Management Plan

Table 3-3. TAC Meeting Attendees (Non-TAC Members)

Name Entity/Affiliation
David Hauser City of Carlshad
Glen Van Peski City of Carlsbad
Khosro Aminpour City of Chula Vista
Silvester Evetovich City of Chula Vista
Tom Adler City of Chula Vista
Jaime Campos City of El Cajon
Masih Maher City of Encinitas
Erik Steenblock City of Encinitas
Cheryl Filar City of Escondido
Homi Namdari City of Escondido
Mo Lahsaie City of Oceanside
Alison Witheridge City of Oceanside
Billy Walker City of Oceanside
Danis Bechter City of Poway
Roger Morrison City of Poway
Sumer Hasenin City of San Diego
James Nabong City of San Diego
Sassan Haghgoo City of San Marcos
Julie Procopio City of Santee
Greg Mayer City of Vista

Karen Franz Coastkeeper
Vaikko Allen Contech Stormwater Solutions
Chris Crompton County of Orange
George Edwards County of Orange
Anthony Barry County of San Diego

John Quenzer

D-MAX Engineering

Arsalan Dadkhah D-MAX Engineering/City of National City
Dick Rol Foothill Engineering

Jeff O’Connor Home Fed

Dave Hammar Hunsaker & Associates

Luis Parra

Hunsaker & Associates, Adams Engineering, URS

Eylon Shamir

Hydrologic Research Center

Rosanna Lacarra

PBS&J

Debby Reece Project Design Consultants
Allison Gutierrez Port of San Diego

Karen Holman Port of San Diego

Rich Lucera RBF

Braeden Macguire RBF
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Name Entity/Affiliation
Laura Henry Rick Engineering
Bob Cullen Riverside County Flood Control & Water Conservation District
Jason Uhley Riverside County Flood Control & Water Conservation District
Tyler Schemper Tory Walker Engineering
Matt Moore URS Corporation/Port of San Diego
Name Company
Christie Beeman Philip Williams & Associates
Dr. Andrew Collison Philip Williams & Associates
Dan Cloak Dan Cloak Environmental Consulting
Tony Dubin Brown and Caldwell
Nancy Gardiner Brown and Caldwell
Eric Mosolgo Brown and Caldwell
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4. LITERATURE REVIEW

Pursuant to Permit Section D.1.g(1)(e), this section provides the results of a literature review conducted as a
basis for the initial development of the HMP.

4.1 Flow Control Approach

HMPs that have been developed in the San Francisco Bay Area of California (Contra Costa, Santa Clara, and
Alameda Counties) vary with regard to the emphasis placed on lower flow control thresholds as compared to
other approaches, such as distributed LID methods. However, there is consensus in that both the frequency
and duration of flows must be controlled, requiring the use of continuous simulation hydrologic modeling (as
opposed to the more standard design storm approach used for flood control design) for evaluation of
potential development impacts. It is also generally accepted that events smaller than the 10-year design flow
are the most critical for hydromodification management.

The Santa Clara HMP focused on the use of detention basins for hydromodification management and
strongly emphasized the lower flow control limit for site runoff. Extended detention flow control basins can
utilize multi-stage outlets to mitigate both the duration and magnitude of flows within a prescribed range. To
avoid the erosive effects of extended low flows, the maximum rate at which runoff is discharged is set below
the erosive threshold. Per the Santa Clara HMP, the lower flow control limit was defined as the flow rate that
generates critical shear stress on the channel bed and banks. Both Santa Clara and Alameda Counties
correlated the lower flow control limit to a value equal to 10 percent of the 2-year runoff event.

The Contra Costa HMP strongly emphasized the use of LID methods to meet hydromodification
management criteria. LID approaches to hydromodification management rely on site design and distributed
LID Best Management Practices (BMPs) to control the frequency and duration of flows and to mitigate
hydrograph modification impacts. By minimizing directly connected impervious areas and promoting
infiltration, LID approaches mimic natural hydrologic conditions to counteract the hydrologic impacts of
development. Because more runoff is retained onsite and in distributed facilities the lower discharge limit is
less critical for LID facilities since different facilities discharge to the stream system at different times.

The County of San Diego and Copermittees interviewed three consultant teams as part of the selection
process to develop the HMP. The selection panel; which included representatives from the County of San
Diego, City of San Diego, City of Chula Vista, and the City of Encinitas, selected the team led by Brown and
Caldwell and included Phillip Williams Associates and Dan Cloak Engineering. This team had previously
developed the HMP for Contra Costa County and thus, the Contra Costa approach was selected as the base
approach for the San Diego HMP.

For the San Diego region’s Interim Hydromodification Management Criteria, the range of flows to be
managed under the hydrograph curve-matching approach (matching of peak flows and durations within the
geomorphically significant range) was expressed as a percentage of the 5-year runoff event, based on the
understanding that the 5-year runoff event is considered the dominant channel-forming discharge for
Southern California streams. This assumption was based upon the paper titled, “Effect of Increases in Peak
Flows and Imperviousness on the Morphology of Southern California Streams,” by Coleman, MacRae, and
Stein. The following list details the range of flows recommended in the San Diego region’s Interim
Hydromodification Criteria.

Brown~cCaldwell
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= For flow rates between 20 percent of the pre-project 5-year runoff event and the pre-project 10-year
runoff event, the post-project discharge rates and durations may not deviate above the pre-project
discharge rates and durations by more than by more than 10 percent over more than 10 percent of the
length of the flow duration curve.

= For flow rates between 20 percent of the pre-project 5-year runoff event and the pre-project 5-year runoff
event, the post-project flows shall not exceed pre-project flows. For flow rates between the 5-year and
10-year runoff events, post-project flows may exceed pre-project flows by up to 10 percent for a 1-year
frequency interval.

= The project proponent may also use LID integrated management practices to manage hydromodification
impacts, using design procedures, criteria, and sizing factors (ratio of the required LID area to the
tributary impervious area) specified by the Copermittees.

The Interim Hydromodification Management Criteria listed above were put in place beginning in January
2008 for development projects that disturb 50 acres or more.

Hydromodification in the context of this project refers to changes in the magnitude and frequency of stream
flows as a result of urbanization and the resulting impacts on the receiving channels in terms of erosion,
sedimentation, and degradation of instream habitat. The processes involved in this degradation are complex,
but involve an alteration of the hydrologic regime of a watershed due to increases in impervious surfaces,
more efficient and dense storm drain networks, and a change in historic sediment sources. The study of
hydromodification is an evolving field, and regulations to manage the impacts of hydromodification must take
into account the latest science available.

HMPs seek ways to mitigate erosion impacts by establishing requirements for controlling runoff from new
development. In order to establish appropriate regulations, it is important to understand 1) how land use
changes alter storm water runoff; and 2) how these changes can impact stream channels. This literature
review focuses on how these issues have been addressed in HMPs adopted within the state of California as
well as relevant journal articles, books, and other reports. This report builds upon previous literature reviews
developed for other HMPs, and attempts to not repeat information that can be found in those reports.
Instead this report is a synthesis of information that can be found in those studies and is augmented with
either more recent studies or information relevant to Southern California.

4.1.1 Previous Studies

Previous hydromodification literature reviews were conducted by Geosyntec Consultants (Mangarella and
Palhegyi, 2002) for the Santa Clara Valley Urban Runoff Pollution Prevention Program (SCVURPPP) and by
the Contra Costa Clean Water Program (CCCWP 2004). Mangarella and Palhegyi provide a detailed overview
of the geomorphic and hydrologic processes involved in hydromodification and the reader is directed there
for more detailed information on the mechanics of stream erosion. Channel Assessment methods described
in Section 2 of this report rely heavily on those reviewed by Bledsoe et al. (2008) for SCCWRP.

As of the date of this report, five approved HMPs have been published. These include HMPs for
SCVURPPP (2005), the CCCWP (2005), the Fairfield-Suisun Urban Runoff Management Program FSURMP
(2005), the Alameda Countywide Clean Water Program (ACCCMP 2005), and the San Mateo County
Stormwater Pollution Prevention Program (STOPPP 2005). In addition, a number of HMPs were
implemented while agencies developed their final plans. Interim HMPs are not detailed in this report due to
the fact that these plans have adopted findings from the above listed HMPs.

Brown~cCaldwell
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4.1.2 Hydrograph Modification Processes

The effects of urbanization on channel response have been the focus of many studies (see Paul and Meyer,
2001 for a review), and the widely accepted consensus is that increases in impervious surfaces associated with
urbanizing land uses can cause irreversible channel degradation. Urbanization generally leads to a change in
the amount and timing of runoff in a watershed, which leads to increases in erosive forces on bank and bed
material. This can cause large-scale channel enlargement, stream bank failure, loss of aquatic habitat and
degradation of water quality.

Channel erosion, like most physical processes, is a complex system based on a variety of influences. Channel
erosion is non-linear (Philips 2003) meaning the response of streams is not directly proportional to changes in
land use and flow regimes. Small changes or temporary disturbances in a watershed may lead to
unrecoverable channel instability (Kirkby 1995). These disturbances may give rise to feedback systems
whereby small instabilities can be propagated into larger and larger instabilities (Thomas 2001).

A variety of factors have been documented to contribute to instability in streams. These include historic land
use practices such as grazing (Trimble and Mendel 1995), logging (Jana et al. 1975), wildfire patterns, (Benda
et al,, 2003), geologic uplift (Colin and Burbank 2007), climatic changes (Leeder 1998), or removal of flora or
fauna from the watershed (Ripple et al. 2001).

Although these parameters are varied, urban runoff control programs focus on managing the effect that new
impervious surfaces have on stream channels. Stream channels show some form of temporal stability,
whereby they resist change until a threshold of system parameters are exceeded (Thomas 2001). A number of
studies have sought to correlate the amount of urbanization in a watershed and stream instability (Bledsoe
2001; Booth 1990, 1991; Both and Jackson 1997; MacRae 1992; 1993; 1996; Coleman et al. 2005). Evidence
from these studies suggests that streams resist instability until a watershed urbanization threshold is crossed.
This threshold appears to be around seven to ten percent watershed urbanization for perennial streams
(Schueler 1998 and Booth 1997), but may be much lower for intermittent streams such as those found in
Southern California. Studies done in Santa Fe, New Mexico (Leopold and Dunne 1978) suggest that dramatic
changes occur at four percent impervious area of the watershed. Initial studies by Coleman et al. (2005)
suggest that this urbanization threshold may be as low as two to three percent for intermittent streams in
Southern California. It is important to understand that use of impermeable cover alone is a poor predictor of
channel erosion due to regional differences and differences in storm water detention and infiltration

within regions.

Though it is well established that watershed urbanization causes channel degradation, a detailed
understanding of how development alters runoff and how this altered runoff in turn causes erosion is still
being developed. This section briefly describes these processes and summarizes methods used to quantify
hydromodification impacts.

4.1.2.1 Effective Work

The ability of a stream to transport sediment is proportional to the amount of flow in the stream: as flow
increases, the amount of sediment moved within a channel also increases. The ability of a stream channel to
transport sediment is termed stream power, which integrated over time is work. Leopold (1964) introduced
the concept of effective work, whereby the flow-frequency relationship of a channel is multiplied by sediment
transport rate. This gives a mass-frequency relationship for erosion rates in a channel. Flows on the lower
end of the relationship (e.g., two-year flows) may transport less material, but occur more frequently than
higher flows, thereby having a greater overall effect on the work within the channel. Conversely, higher
magnitude events, while transporting more material, occur infrequently so as to have less effective work.
Leopold found that the maximum point on the effective work curve occurred around the 1- to 2-year
frequency range. This maximum point is commonly referred to as the dominant discharge and corresponds
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roughly to a bankfull event (a flow that fills the actively scoured portion of the channel up to a well defined
break in the bank slope).

Urbanization tends to have the greatest relative impact on flows that are frequent and small, and which tend
to generate less-than-bankfull flows. Change is greatest in these events because prior to urbanization
infiltration would have absorbed much or all of the potential runoff, but following urbanization a high
percent of the rainfall runs off. Thus, events that might have generated little or no flow in a non-urbanized
watershed can contribute flow in urban settings. These smaller less-than-bankfull events have been found to
do a significant proportion of the work in urban streams (MaCrae 1993) due to their high frequency, and can
lead to channel instability. Less frequent, larger magnitude flows (e.g., flows greater than (Q10) are less
strongly affected by urbanization because during such large storm events the ground rapidly becomes
saturated and acts in a similar manner as impetvious surfaces.

4.1.2.2 Erosion Potential

As part of the SCVURPPP’s HMP process, GeoSyntec Consultants (2004) studied the Lower-Silver-
Thompson Creek subwatershed in Santa Clara County to characterize the pre-development effective work
and compare it to modeled post-development effective work. Stability was assessed by comparing these
effective work curves via an erosion potential index (Ep). This value is the ratio of the effective work of a
pre-development stream to that of a post-development stream. A developed stream with an Ep of 1.0 has
the same ability to transport sediment as an undeveloped stable stream. Managing the Ep of a stream can
focus on managing the hydrologic regime of a watershed or on managing the stream itself. Both of these
methods are discussed in Section 4.1.4.

Ep was adopted as a hydromodification metric for the SCVURPPP’s hydromodification management
program, and was later incorporated into four of the five approved HMPs. In addition, its use is being
promoted by several research and regulatory bodies.

4.1.2.3 Estimating Critical Q,

Due to the increase in impervious surfaces and fewer opportunities for infiltration of storm water,
urbanization creates more runoff volume than an un-urbanized watershed. Opportunities for infiltration of
excess storm water exist in some areas, but many times are infeasible due to cost or land use constraints.
Therefore, some of the excess storm water must be discharged to a receiving stream. In order to achieve a
comparable Ep to a pre-developed condition, this excess runoff volume must be discharged at a rate at which
no additional stream work is done.

Bed load sediment moves through transmission of shear stress from the flow of water to the bed load
material. An increase in velocity of water corresponds to an increase in shear stress. In order to initiate
movement of bed material, however, a shear stress threshold must be exceeded. This is commonly referred
to as critical shear stress, and is dependent on sediment and channel characteristics. For a given point on a
channel where the cross-section is known, the critical shear can be related to a stream flow. The flow that
corresponds to the critical shear is known as the critical flow, or Qc. For a given cross-section, flows that are
below the value for Qc do not initiate bed movement, while flows above this value do.

The SCVURPPP expressed Qc as a percentage of the two-year flow in order to develop a common metric
across watersheds of different size, and allow for easy application of HMP requirements For the two
watersheds studied, a similar relationship was found where Qc corresponded to 10 percent of the two-year
flow. This became the basis for the lower range of geomorphically significant flows under the SCVURPPP
HMP and is referred to as Qcp to indicate that it is a percentage of flow. That program also adopted the
10-year flow as the upper end of the range of flows to control with the justification that increases in stream
work above the 10-year flow were small for urbanized areas.
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A similar study was conducted for the FSURMP on two watersheds in Fairfield, California following a
geomorphic assessment. That study found Qcp to be 20 percent of the pre-development two-year flow. The
differences in the two values may be attributable to differences in watershed characteristics in Santa Clara
County and Fairfield. Channels in Fairfield were found to have a more densely vegetated riparian corridor
and may have a higher resistance to increases in shear stresses (FSURMP). Values for Qcp appear to be
similar among neighboring watersheds, but there appears to be no evidence for a ‘universal’ Qcp, and the
characteristics of individual biomes (climatically and geographically defined areas of ecologically similar
climatic conditions such as communities of plants, animals, and soil organisms, and are often referred to as
ecosystems) should be taken into account when developing a Qcp. For example, Western Washington State,
which has more densely vegetated riparian zones than either Fairfield or Santa Clara County, has adopted a
Qcp of 50 percent of the 2-year flow.

A summary of flow control standards adopted in each of these HMPs is given in Table 4-1.

Table 4-1. Flow Control Standards Adopted by Selected Agencies for Hydromodification Management.

Permitting Agency Qcp Largest Managed Flow
Santa Clara County 10 percent of the 2-year flow (0.1Q2) 10-year flow (Q10)
Alameda County 10 percent of the 2-year flow (0.1Q2) 10-year flow (Q10)
San Mateo County 10 percent of the 2-year flow (0.1Q2) 10-year flow (Q10)
Contra Costa County 10 percent of the 2-year flow (0.1Q2) 10-year flow (Q10)
Eairﬁeld-Suisun Urban Runoff Management 20 percent of the 2-year flow (0.2Q2) 10-year flow (Q10)
rogram
Western Washington State 50 percent of the 2-year flow (0.5Q2) 50-year flow (Q50)

4.1.3 Stream Channel Stability

Numerous stream channel stability assessment methods have been proposed to help identify which channels
are most at risk from hydrograph modification impacts and/or define where HMP requirements should
apply. Assessment strategies range from purely empirical approaches to channel evolution models to energy-
based models (see Simon et al., 2007 for a critical evaluation).

4.1.3.1 Stream Classification Systems

A recent study by Bledsoe et al. (2008) for SCCWRP describes nine types of classification and mapping
systems with an emphasis on assessing stream channel susceptibility in Southern California. The summary
below is taken from that study. Bledsoe also provides a summary of the implications of these classification
and mapping systems to the development of hydromodification tools for Southern California. The article
provides a detailed breakdown of guidelines for developing hydromodification tools given the advantages and
disadvantages of each system previously assessed.

Planform Classifications and Predictors

Alluvial channels form a continuum of channel types whose lateral variability is primarily governed by three
factors: flow strength, bank erodibility, and relative sediment supply. Though many natural channels conform
to a gradual continuum between straight and intermediate, meandering, and braided patterns, abrupt
transitions in lateral variability imply the existence of geomorphic thresholds where sudden change can occur.
The conceptual framework for geomorphic thresholds has proven integral to the study of the effects of
disturbance on river and stream patterns. Many empirical and theoretical thresholds have been proposed
relating stream power, sediment supply and channel gradient to the transition between braiding and
meandering channels. Accounting for the effects of bed material size has been shown to provide a vital
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modification to the traditional approach of defining a discharge-slope combination as the threshold between
meandering and braided channel patterns. The many braided planforms in Southern California indicate the
need to refine and calibrate established thresholds to river networks of interest. However, at this time there is
not a well accepted model to predict how hydromodification affects channel planform.

Energy-Based Classifications

The link between channel degradation and urbanization has been exhaustively studied; however, impervious
area is not the solitary factor influencing channel response. Studies have shown that the ratio between
specific stream power and median bed material size D50b, where b is approximately 0.4 to 0.5 for both sand-
and gravel-bed channels, can be used as a valuable predictor of channel form. Stream power, which is related
to the square root of total discharge, is the most comprehensive descriptor of hydraulic conditions and
sedimentation processes in stream channels. Several studies have been performed relating channel stability to
a combination of parameters such as discharge, median bed-material size, and bed slope, as an analog for
stream powet.

General Stability Assessment Procedures

By assessing an array of qualitative and quantitative parameters of stream channels and floodplains, several
investigators have developed qualitative assessment systems for stream and river networks. These assessment
methods have been incorporated into models used to analyze channel evolution and stability. Many
parameters used to establish methodologies such as the Rosgen approach are extendable to a qualitative
assessment of channel response in Californian river networks. Field investigations in Southern California
have shown that grade control can be the most important factor in assessing the severity of channel response
to hydromodification. Qualitative methodologies have proven extendable to many regions and utilize many
parameters that may provide valuable information for similar assessments in California.

Sand vs. Gravel Behavior / Threshold vs. Live-Bed Contrasts

It is well recognized that the fluvial-geomorphic behavior vaties greatly between sand and gravel/cobble
systems. Live bed channels (of which sand channels are good examples) are systems where sediment moves
at low flows, and where sediment is frequently in motion. Threshold channels such as gravel streams, by
contrast, require considerable flow to initiate bedload movement. Live bed channels are more sensitive both
to increases in flow and decreases in sediment supply than threshold channels. Scientific consensus shows
that sand bed streams lacking vertical control show greater sensitivity to changes in flow and sediment
transport regimes than do their gravel/cobble counterparts. Factors such as slope which affect discharge and
sedimentation regimes are known to have greater impact on sand-bed streams. This can be an important
issue for storm water systems that receive runoff from watersheds composed primarily of streams with sandy
substrate. The transition between sand and gravel bed behavior can be rapid which may make it possible to
utilize geographic mapping methods to identify channel segments according to their susceptibility to the
effects of hydromodification.

Channel Evolution Models of Incising Channels

The Channel Evolution Model (CEM) developed by Schumm et al. (1984) posits five stages of incised
channel instability organized by increasing degrees of instability severity, followed by a final stage of quasi-
equilibrium. Work has been done to quantify channel parameters such as sediment load and specific stream
power through each phase of the CEM. A dimensionless stability diagram was developed by Watson et al.
(2002) to represent thresholds in hydraulic and bank stability. This conceptual diagram can be useful for
engineering planning and design purposes in stream restoration projects requiring an understanding of the
potential for shifts in bank stability.
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Channel Evolution models Combining Vertical and Lateral Adjustment Trajectories

Originally, CEMs focused primarily on incised channels with geotechnically, rather than fluvially, driven bank
failure. Several CEMs have been proposed that incorporate channel responses to erosion and sediment
transport into the original framework for channel instability. In these new systems, an emphasis is placed on
geomorphic adjustments and stability phases that consider both fluvial and geomorphic factors. The state of
Vermont has developed a system of stability classification that suggests channel susceptibility is primarily a
function of the existing Rosgen stream type and the current stream condition referenced to a range of
variability. This system places more weight on entrenchment (vertical erosion of a channel that occurs faster
than the channel can widen, so that the resulting channel is more confined than the original channel) and
slope than differentiation between bed types.

Equilibrium Models of Supply vs. Transport-capacity / Qualitative Response

The qualitative response model builds on an understanding of the dynamic relationship between the erosive
forces of flow and slope relative to the resistive forces of grain size and sediment supply to describe channel
responses to adjustments in these parameters. In this system qualitative schematics provide predictions for
channel response to positive or negative fluctuations in physical channel characteristics and bed material.
Refinements to such frameworks have been made to account for channel susceptibility relative to existing
capacity and riparian vegetation among other influential characteristics.

Bank Instability Classifications

Early investigations provided the groundwork for bank instability classifications by analyzing shear, beam,
and tensile failure mechanisms. The dimensionless stability approach developed by Watson characterized
bank stability as a function of hydraulic and geotechnical stability. Rosgen (1996) proposed the widely
applied Bank Erosion Hazard Index (BEHI) as a qualitative approach based on the general stability
assessment procedures outlined above. Other classification systems, like the CEM, identify bank instability
according to channel characteristics that control hydrogeomorphic behavior.

Hierarchical Approaches to Mapping Using Aerial Photographs / GIS

It has become increasingly common practice to characterize stream networks as hierarchical systems. This
practice has presented the value in collecting channel and floodplain attributes on a regional scale. Multiple
studies have exploited geographical information systems (GIS) to assess hydrogeomorphic behavior at a basin
scale. Important valley scale indices such as valley slope, confinement, entrenchment, riparian vegetation
influences, and overbank deposits can provide indispensable information for river networks in California.
Many agencies are developing protocol for geomorphic assessment using GIS and other database associated
mapping methodologies.

4.1.4 Managing Hydromodification

Most HMPs provide guidance on how Copermittees can meet the goals of their program. There are many
different approaches and most HMPs provide multiple options for achieving and documenting compliance.
In general, hydrograph management approaches focus on managing runoff from a developed area so as to
not increase instability in a channel, and in-stream solutions focus on managing the receiving channel to
accept an altered flow regime without becoming unstable. This chapter briefly summarizes various
approaches for HMP compliance.
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4.1.4.1 Hydrograph Management Solutions

Facilities that detain or infiltrate runoff to mitigate development impacts are the focus of most HMP
implementation guidance. They work either by reducing the volume of runoff (infiltration facilities) or by
holding water and releasing it below Qc (retention facilities). These facilities, sometimes referred to as BMPs,
can range from regional detention basins designed solely for flow control, to bioretention facilities that serve
a number of functions. A number of BMPs including swales, bioretention, flow-through planters, and
extended detention basins have been developed to manage storm water quality, and there are several
resources that describe the design of storm water quality BMPs (CASQA 2003; Richman et al. 2004). In
many cases these facilities can be designed to also meet hydromodification management requirements.

Many HMPs also provide guidance for applying LID approaches to site design and land use planning to
preserve the hydrologic cycle of a watershed and mitigate hydromodification impacts. These plans typically
include decentralized storm water management systems and protection of natural drainage features, such as
wetlands and stream corridors. Runoff is typically directed toward infiltration-based storm water BMPs that
slow and treat runoff.

The following sections summarize implementation guidance for designing hydromodification management
BMPs that have been developed for existing HMPs.

Sizing Hydromodification BMPS

Hydromodification BMPs differ slightly from those BMPs used to meet water quality objectives in that they
focus more on matching undeveloped flow-regimes than on filtering storm runoff, although these two
functions can be combined into one facility. Various methods exist for sizing Hydromodification BMPs.

Hydrograph Matching. This is an approach whereby the outflow hydrograph for a particular site matches
closely with the pre-project hydrograph for a design storm. This method is most traditionally used to design
flood-detention facilities to mitigate for a particular storm recurrence interval (e.g., the 100-year storm).
Although hydrograph matching can be employed for multiple storms, this method generally does not take
into account the smaller, more frequent storms where a majority of the erosive work in stream channel is
done and is therefore not widely accepted for HMP compliance.

Volume Control. This is a method for matching the pre-project and post-construction runoff volume for a
project site. Any increase in runoff volume is either infiltrated on site, or discharged to another location
where streams will not be impacted. The magnitude of peak flows is not controlled, and therefore this
method, while ensuring that there is no increase in total volume of runoff, can result in higher erosive forces
during storms.

Flow Duration Control. Refers to matching both the duration and magnitude of a specified range of storms.
The entire hydrologic record is taken into account and pre-project and post-construction runoff magnitudes
and volumes are matched as closely as possible. Excess runoff is either infiltrated on site, or is discharged
below Qcp.

The SCVUPPP HMP reviewed each of these design approaches and concluded that a Flow Duration Control
design approach was the most effective in controlling erosive flows. Two examples were evaluated using this
approach, one on the Thompson Creek subwatershed in Santa Clara Valley and one on the Gobernadora
Creek watershed in Orange County. The evaluation approach used continuous simulation modeling to
generate flow-duration curves, and then designed a test hydromodification management facility to match pre-
project durations and flows.
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In addition to the SCVURPP, the flow duration control design approach has been applied by ACCWP,
STOPPP, FSURMP, and CCCWP. Among these agencies, different approaches have emerged as to how to
demonstrate that proposed BMPs meet flow-duration control guidelines. Both methods employ continuous
simulation to match flow-durations, but differences exist in how continuous simulation is used (site-specific
simulation vs. unit area simulation). Differences also exist in the focus of the two approaches (regional
detention facilities vs. on-site LID facilities). Both approaches were evaluated by the RWQCB, and deemed
to be valid approaches (Butcher 2007).

BAHM Approach

The Bay Area Hydrology Model (BAHM) is a continuous simulation rainfall-runoff hydrology model
developed for ACCWP, STOPPP, and SCVURPP . It was developed from the Western Washington
Hydrology Model, which focuses primarily on meeting hydromodification management requirements using
storm water detention ponds alone or combined with LID facilities (Butcher 2007). The Western
Washington Hydrology model is based on the Hydrologic Simulation Program FORTRAN (HSPF) modeling
platform, developed by the USEPA, and uses HSPF parameters in modeling watersheds.

BAHM is a standalone modeling package that is available free of charge to the public. Project proponents
who want to size a hydromodification BMP select the location of their project site from a map of the county
and BAHM correlates the project location to the nearest rainfall gauge and applies an adjustment factor. The
adjustment factor is applied to the hourly rainfall for the nearest gauge, to produce a weighted hourly rainfall
at the project site. The user then enters parameters for the proposed project site that describe soil types,
slope, and land uses. BAHM then runs the continuous rainfall-runoff simulation for both the pre-project and
the post-construction conditions of the project site. Output is provided in the form of flow-duration curves
that compare the magnitude and timing of storms between the pre-project and the post-construction
modeling runs.

If an increase in flow durations is predicted, the user can select and size mitigation BMPs from a list of
modeling elements. An automatic sizing subroutine is available for sizing detention basins and outlet orifices
that matches the flow duration curves between the pre-project scenario and a post-construction mitigation
scenario. Manual sizing is necessary for other BMPs included in the program, such as storage vaults,
bioretention areas, and gravel trenches. The program is designed so that once a BMP is selected and sized,
the modeling run can be transferred to the local agency for approval. The model reviewer at the local agency
can open the program and verify modeling parameters and sizing techniques.

CCCWP Approach

The CCCWP developed their own protocol for selecting and sizing hydromodification BMPs, which are
referred to as Integrated Management Practices (IMPs) in their guidebook. Instead of a project proponent
running a site-specific continuous simulation to size hydromodification control facilities, the CCCWP
provides sizing factors for designing IMPs. Sizing factors are based on the soil type of the project site and are
adjusted for Mean Annual Precipitation. Sizing factors are provided for Bioretention Facilities, Flow-
Through Planters, Dry Wells and a combination Cistern and bioretention facility.

Sizing factors were developed through continuous-simulation HSPF modeling runs for a variety of
development scenarios. Flow-durations were developed for a range of soil types, vegetation and land use
types, and rainfall patterns for development areas in Contra Costa County. Then, based on a unit area

(one acre) of impervious surface, flow-durations were modeled using several IMP designs. These IMPs were
then sized to achieve flow control for the range of storms required, (from 10 percent of the 2-year storm up
to the 10-year storm). These sizing factors were then transferred to a spreadsheet form for use by

project proponents.
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The primary difference between the CCCWP approach and the BAHM approach is the focus on type of
BMP used. Whereas the CCCWP approach focuses on meeting hydromodification management goals using
lot-scale LID facilities, the BAHM approach is geared toward employing detention basins. Although the
CCCWP approach is based on utilizing sizing factors for specific BMPs, the program does allow for
application of site-specific continuous simulation modeling, such as HSPF, if the relevant sizing factor has
not been developed, such as storm water detention basins or constructed wetlands. This approach can be
used for larger developments where regional hydromodification facilities will be used.

4.1.4.2 In-Stream Stabilization Solutions

In-stream solutions focus on managing the stream corridor to protect stability and, if necessary, modify
stream channels to accept an altered flow regime. In cases where development is proposed in an already
degraded watershed it may be beneficial to focus on rehabilitating the stream channel with an altered flow
regime in mind rather than retrofitting the watershed or only controlling a percentage of the runoff. In
addition, in some cases where a master-planned watershed development plan is being implemented it may be
more feasible to design a new channel to be stable under the proposed watershed land use rather than to
construct distributed on-site facilities.

Newhall Ranch Natural River Management Plan

An example where in-stream solutions are being designed at the Master Plan level can be found in the
Newhall Ranch Natural River Management Plan. The proposed Newhall Ranch development near Valencia,
California is employing a combination of distributed storm water quality facilities to manage storm water
pollutants and in-stream management actions to manage an altered flow regime. The management plan
began with an analysis of post-development flow conditions, then found slopes and channel cross-sections
that would be stable under these altered conditions. Biotechnical bank stabilization and stable step-pools
were included to allow the new channel to resist higher shear forces. The plan has been approved by Los
Angeles County Department of Public Works.

The key objectives for the in-stream channel design employed for the Newhall Ranch development were:
= Accommodate runoff flows from existing and future development;

= Stabilize the channel bed and banks so that they do not degrade;

® Preserve the waterway and canyon characteristics and environment, where applicable;

® Minimize riparian and bank disturbance during construction, where applicable;

= Implement improvements that are the most compatible with the environment and character of the region,
yet sustainable on a long-term basis and

® Minimize channel maintenance requirements.
Other Methods

A number of methods exist for managing channels to accept altered flow regimes and higher shear forces.
These have been covered in detail in a number of sources available to watershed groups and public agencies.
(A few helpful sources include Riley 1998, Watson and Annable 2003, and FISRWG 1998.)

4.2 Continuous Simulation Modeling

As part of the HMP development, Brown and Caldwell is preparing flow control sizing tools to assess the
effectiveness of hydromodification controls. A beta version of the HMP Sizing Calculator will be available by
early 2010 and will be reviewed by the HMP TAC. Since those sizing tools are not yet available, Brown and
Caldwell has identified specific evaluation criteria for the design and analysis of hydromodification controls
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using continuous simulation hydrologic modeling. Evaluation criteria discussed herein focuses on the
following items:

= Continuous Simulation Hydrologic Modeling
= Continuous Simulation Modeling Software

® Long-Term Hourly Precipitation Gauge Data
® Parameter Validation for Rainfall Losses

= Hydromodification Control Processes

8 Peak Flow and Flow Duration Statistics

Pursuant to criteria set forth by the San Diego RWQCB and by the San Diego County Copermittees in the
Hydromodification Criteria, the use of continuous simulation hydrologic modeling is required to size storm
water facilities to mitigate hydromodification effects. Continuous simulation modeling uses an extended time
series of recorded precipitation data as input and generates hydrologic output, such as surface runoff,
groundwater recharge, and evapotranspiration, for each model time step.

Continuous hydrologic models are typically run using either 1-hour or 15-minute time steps. Based on a
review of available rainfall records in San Diego County, we are recommending the use of a 1-hour time step
(15-minute time series rainfall data are very limited). Continuous models generate model output for each time
step. In this case, hydrologic output would be generated for each hour of the continuous model. A
continuous simulation model with 35 years of hourly precipitation data will generate 35 years of hourly runoff
estimates, which corresponds to runoff estimates for 306,600 time steps over the 35-year simulation period.

Use of the continuous modeling approach allows for the estimation of the frequency and duration by which
flows will exceed a particular threshold. The limitations to increases of the frequency and duration of flows
within that geomorphically significant flow range is the key component to San Diego County’s approach to

hydromodification management.

For a more detailed review of continuous simulation modeling, refer to a memo prepared by Brown and
Caldwell titled Using Continnous Simulation to Size Storm Water Control Facilities May 2008). This memo is
attached as Appendix E.

4.2.1 Continuous Simulation Modeling Software

The following public domain software models may be used to assess hydromodification controls for storm
water facilities to meet the Hydromodification Criteria:

= HSPF - Hydrologic Simulation Program-FORTRAN, distributed by United States Environmental
Protection Agency (USEPA)

= HEC-HMS — Hydrologic Modeling System; distributed by the US Army Corps of Engineers Hydrologic
Engineering Center

= SWMM - Storm Water Management Model; distributed by USEPA
Third-party and proprietary software can be used to meet the Hydromodification Criteria provided that the
software incorporates minimum design parameters summarized below:

® Input and output data from the software can interface with public domain software such as HSPF HEC-
HMS, or SWMM. In other words, input files from the third-party software should have sufficient
functionality to allow export to public domain software for independent validation.

= Rainfall data are selected according to an existing rainfall gauge location that is geographically and
meteorologically similar to the project site location.

Brown~cCaldwell
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® Rainfall loss parameters used in the software can be substantiated and fully referenced.

® The software’s hydromodification control processes, detailed later in this memo, are substantiated and
tully referenced.

All third-party and proprietary software will be subject to more rigorous review upon the adoption of the
Final HMP. This review would include further testing of various development and treatment scenarios as
well as an in-depth analysis of software functionality and processes.

As stated previously, Brown and Caldwell is currently preparing flow control sizing tools to assess the
effectiveness of hydromodification controls. These tools will be available in association with implementation
of the final HMP.

4.2.2 Parameter Validation for Rainfall Losses

In preparing computer models to assess storm water controls and meet Hydromodification Criteria, rainfall
loss parameters describing soil characteristics, land cover descriptions, and evapotranspiration data should be
validated to prove consistency with the local environment and climatic conditions. The validation process
should include documentation of the source of evapotranspiration data and commentary of the effects of
varying evapotranspiration patterns between the subject site and parameter data source. A full review of local
pan evaporation and potential evapotranspiration data will be included as part of development of the final
hydromodification flow control sizing tool.

To meet Hydromodification Criteria, soil and land cover parameter validation can be based on the following:

® (Calibration to local stream flow data, where applicable. Examples of local calibration studies include, but
are not limited to, total maximum daily load (TMDL) modeling efforts prepared for the San Diego
RWQCB (TMDL for Indicator Bacteria Project I — Beaches and Creeks in the San Diego Region, Tetra Tech,
December 2007).

= Published parameter values consistent with previous studies for San Diego County and Southern
California, such as HSPF-related regional calibration studies, research projects, regional soil surveys, etc.

= Specific data prepared as part of a site-specific geotechnical investigation
p prep p p g g

= If parameters are transposed or modified from calibration efforts outside of Southern California, the
source should be identified and justification should be provided stating why such data are applicable for
San Diego County. Details should be provided justifying how parameters from such studies were adjusted
to be applicable to San Diego conditions.

= Recommended parameter value ranges from BASINS Technical Notice 6, Estimating Hydrology, and Hydraulic
Parameters for HSPF, USEPA, July 2000.

Storm water flow control devices designed to meet Hydromodification Criteria should be analyzed pursuant

to the following criteria:

= Infiltration processes should be modeled with sufficient complexity to properly quantify the flow control
benefit to the receiving streams. These infiltration processes should be transparent and fully documented.

= Infiltration quantification should include provisions for water head and pore suction effects for multiple
layers of varying materials (i.e., ponding areas, amended soil layer, gravel layer, etc.), or provide
justification why such complex processes are not included.

= Storage processes associated with each layer of the storm water device should be fully explained
and quantified.

= Device outflow curves should consider controls associated with device underdrains. The methodology by
which such stage-discharge relationships are developed should be fully documented.
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4.2.3 Peak Flow and Flow Duration Statistics

To assess the effectiveness of storm water flow control devices in mitigating hydromodification effects to
meet Hydromodification Criteria, peak flow frequency statistics should be developed. Peak flow frequency
statistics estimate how often flow rates will exceed a given threshold. In this case, the key peak flow
frequency values would be the lower and upper bounds of the geomorphically significant flow range. Peak
flow frequency statistics should be developed using either a partial-duration or peak annual series. Partial-
duration series frequency calculations consider multiple storm events in a given year while the peak annual
series considers just the peak annual storm event.

Flow duration statistics must also be summarized to determine how often a particular flow rate is exceeded.
To determine if a storm water facility meets hydromodification criteria, peak flow frequency and flow
duration curves must be generated for pre-project and post-project conditions. Both pre-project and post-
project simulation runs should extend for the entire length of the rainfall record.

For a more detailed review of peak flow frequency and flow duration curves, refer to the aforementioned
Brown and Caldwell memo titled Using Continnons Simulation to Sige Storm Water Control Facilities (May 2008).

The need for partial-duration statistics is more pronounced for control standards based on more frequent
return intervals (such as the 2-year runoff event), since the peak annual series does not perform as well in the
estimation of such events. This phenomenon is especially pronounced in the San Diego County region’s
semi-arid climate. Per the advice of the Hydrologic Research Center, with whom the project team has
consulted throughout the project, and a review of supporting literature, the use of a partial-duration series

is recommended for semi-arid climates similar to San Diego County, where prolonged dry periods can skew
peak flow frequency results determined by a peak annual series for more frequent runoff events.

For the statistical analysis of the rainfall record, partial duration series events have been separated into
discrete rainfall events assuming the following criteria.

® To determine a discrete rainfall event, a lower flow limit was set to a very small value, equal to 0.002 cfs
per acres of contributing drainage area.

® A new discrete event is designated when the flow falls below 0.002 cfs per acre for a time period of
24 houts.

4.3 Rainfall Data

Standards developed as part of this HMP to control runoff peak flows and durations are based on a
continuous simulation of runoff using local rainfall data. To provide for clear climatic designation between
coastal, foothill and mountain areas of the County, and to distinguish between the major watershed units,
historical records for a series of 20 rainfall data stations located throughout San Diego County were compiled,
formatted and quality controlled for analysis.

Long-term houtly rainfall records have been prepared for the 20 rainfall stations. These rainfall record files
are located on the Project Clean Water web site for public use (www.projectcleanwater.org). Sources of the
rainfall data include ALERT data from the County of San Diego (which extend back to 1982), the California
Climatic Data Archive, National Oceanic and Atmospheric Administration (NOAA), the National Climatic
Data Center, and the Western Regional Climate Center. In all cases, the length of the overall rainfall station
record is 35 years or the overall length of the rainfall record, whichever is longer.
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Gauge selection was further governed by minimum continuous simulation modeling requirements including
the following:

® The selected precipitation gauge data set should be located near the project site to ensure that long-term
rainfall records are similar to the anticipated rainfall patterns for the site. Thus, gauges were selected in
proximity to areas planned for future development and redevelopment.

= Recording frequency for the gauge data set should be houtly (or more frequent).

® The gauge rainfall record should extend for the entire length of the record. Where the gauge record
length is less than 35 years, then adjacent gauge records were used to extend the rainfall record to at least
35 years.

= Use of the most applicable long-term rainfall gauge data, as opposed to the scaling of rainfall patterns
from Lindbergh Field, is required to account for the diverse rainfall patterns across San Diego County.

Precipitation gauges identified by Brown and Caldwell, summarized in Table 4-2 below, all have recording
frequencies of one hour and recording data ranges of at least 35 years.

Table 4-2. Rainfall Station Summary

Station Elevation Watershed
Bonita 120 Sweetwater Rive