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Correspondence to and from the San
Diego Regional Water Quality control
Board on the Updates to the HMP
Monitoring Plan

California Regional Water Quality Control Board, San Diego Region
January 27, 2014
Richard E. Crompton
Director, Department of Public Works
County of San Diego
5510 Overland Ave., Suite 410
San Diego, CA 92123
Subject:

In reply refer to:
PIN no: 710562:carias

Conditional Finding of Adequacy for the Update to the Monitoring Plan
(Chapter 8) of the Hydromodification Management Plan (HMP) for San
Diego County dated December, 2013

Mr. Crompton:
The California Regional Water Quality Control Board, San Diego Region (San Diego Water
Board) has reviewed the Update to Monitoring Plan (Chapter 8) of the Hydromodification
Management Plan (HMP) for San Diego County dated December, 2013 submitted by the San
Diego County Municipal Storm Water Copermittees. The Monitoring Plan reevaluation and
update is required by the HMP that was adopted by the San Diego Water Board on July 14,
2010. The purpose of the Monitoring Plan is to assess the effectiveness of the HMP in
protecting downstream receiving waters from accelerated erosion caused by land
development.
Based on review of the Monitoring Plan update, the San Diego Water Board finds it to be
adequate and in compliance with the HMP. However, the text of this complex document is not
clear in some areas. Please revise the Monitoring Plan to address the following four items:
1. The text implies that field measurements of rainfall and flow rate will be used to refine
rainfall-runoff relationships (flow duration curves). Please clarify whether or not this is
accurate, and why refinement of flow duration curves is necessary. Also, indicate how
this information will ultimately be used for evaluation of future Priority Development
Projects subject to HMP requirements.
2. Clarify that all in-stream monitoring locations have been selected, and that the selection
process is complete. Also include a description of each monitoring location.
3. Clarify that various monitoring locations were chosen for the purpose of evaluating HMP
effectiveness on a variety of channel susceptibility types.

TOMÁS MORALES, CHAIR │ DAVID GIBSON, EXECUTIVE OFFICER
2375 Northside Drive, Suite 100, San Diego, CA 92108-2700 │ (619) 516-1990 │ www.waterboards.ca.gov/sandiego
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San Diego Hydromodification
Management Plan
Revised Chapter 8 Monitoring Plan
Redline Version

HYDROMODIFICATION MANAGEMENT PLAN

1. 8. MONITORING PLAN (REVISED, DECEMBER 2013)AND BMP
EVALUATION

8.11.1

Introduction

This section presents a summary of the San Diego HMP’s revised Monitoring Plan in 2013, reflecting the
changes developed through a re-evaluation and consultation process with the HMP Technical Advisory
Committee (TAC).. The summary explains technical concepts and proposes approaches to monitor the
effectiveness of the HMP as required by provision D.1.g of Regional Water Quality Control Board (RWQCB)
Order No. R9-2007-0001 and as subsequently required in RWQCB Order R9-2013-0001 part D.1.a.(2).)..
Part 1(k) of provision D.1.g requires that the HMP shall “include a description of pre- and post-project
monitoring and other program evaluations to be conducted to assess the effectiveness of implementation of
the HMP.” For the purposes of developing an HMP monitoring approach, an effective HMP is defined as a
program that ensures compliance with HMP design criteria and results in no significant stream degradation
due to increased erosive force caused by new development.
The proposed monitoring approach provides for the optimum 5-year effectiveness assessment within
currently available funding resources. Monitoring Plan activities were selected to achieve statistical data
collection requirements while balancing regional financial constraints and highly variable and evolving
scientific, regulatory, and physical elements. Monitoring plan Plan activities presented herein have been
developed to answer the following questions regarding HMP program effectiveness assessment:



Do field observations confirm that the HMP appropriately defines the flow rate (expressed as a
function of the 2-year runoff event) that initiates movement of channel bed or bank materials?

Since most of the sediment transport modeling prepared as part of the HMP development relied on
laboratory flume data, it is important to supplement the sediment transport data set with field
observations. This data may be used in the next permit cycle to determine whether critical shear stress is
the appropriate parameter for selecting the lower flow threshold of the geomorphically significant
flow range.





Are mitigation facilities adequately meeting flow duration design criteria outlined in the HMP?

Observed HMP mitigation facility outflow data can be analyzed to determine if mitigation facilities are
matchingreducing the mitigated post-project peak flow frequency and flow duration curves to the preproject curves (within tolerances set forth in the HMP). This data can also be used to analyze the
precision of LID sizing factors, extended detention facility design criteria, and to potentially recommend
changes to more closely match the mitigated post-project curves to pre-project condition peak flow
frequency and flow duration curves.
What is the effect of development on downstream cross section stabilityincision and widening?

Since the mitigation of accelerated channel degradation as a result of development is the central purpose
of the HMP, analysis of channel cross sections downstream of development projects is a component of
the monitoring Monitoring planPlan. However, uncertainties involved with this comparison tool (namely
the problem of disentangling erosion due to current project-related hydromodification from erosion due
to historic land use changes or natural disturbance events such as fire or floodsdetermination of preproject condition trends regarding channel incision and channel widening rates) make policy
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determinations less likely within the time frame of the 5-year monitoring plan (as compared to sediment
transport modeling and flow duration modeling detailed in the previous two questions).
Such a question-driven plan is consistent with the Framework for Developing Hydromodification Monitoring
Programsdraft hydromodification monitoring framework prepared by the Southern California Coastal Water
Research Project (SCCWRP – Technical Report 752, March 2013report dated December 9, 2009).
During the past three years of implementing the HMP Monitoring Plan, the Copermittees have assembled a
comprehensive team of technical experts to provide input in refining the Monitoring Plan to effectively
address the three core study questions listed above. The team is comprised of the Hydromodification
Monitoring Subworkgroup, a Technical Advisory Committee, and Consultants with expertise in
hydromodification monitoring as follows:
Hydromodification Monitoring Subworkgroup Members










Jim Nabong, P.E., City of San Diego (Chair)
Jim Hook, City of San Diego
Summer Hasenin, P.E., City of San Diego
Christine Sloan, County of San Diego (Land Development Workgroup Chair)
Deborah Mosley, County of San Diego
René Vidales, P.E., County of San Diego
Greg Carlton, P.E., County of San Diego
Andrea Santos, County of San Diego

Technical Advisory Committee Members









Eric Berntsen, formerly of the State Water Resources Control Board (hydromodification),
Christina Arias, P.E., San Diego RWQCB
Dr. Eric Stein, SCCWRP (hydromodification and water quality)
Dr. Felicia Federico, UCLA (hydromodification)
Jo Ann Weber, County of San Diego (water quality and Copermittee watershed planning)
Dr. Trent Biggs, San Diego State University (geology and hydrology)
Dennis Bowling, P.E., Rick Engineering (hydromodification)

Consultant Team

 Dr. Andy Collison and Brian Haines of ESA PWA (hydromodification and geomorphology),
 Dave Renfrew, CPSWQ and Garth Engelhorn, CPSWQ of Weston Solutions, Inc. (monitoring and
reporting)

 Scott Cartwright, P.E., RBF
 Dr. Trent Biggs, San Diego State University (geology and hydrology)
 Kris Taniguchi, San Diego State University (geology and hydrology)
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In an effort to effectively address the wide variability of potential monitoring scenarios and competing needs
outlined above, the Copermittees and Brown and Caldwell have consulted with technical experts in a variety
of critical disciplines including Dr. Eric Stein of SCCWRP (geomorphology expert), San Diego Regional
Water Quality Control Board staff, Dr. Andy Collison of Phillip Williams Associates (geomorphology expert),
Dr. Khalil Abusaba (formerly of the San Francisco Regional Water Quality Control Board and currently with
Brown and Caldwell – expert in statistical analysis of water quality data), and members of the San Diego
HMP Technical Advisory Committee.

8.21.2

Technical Concepts

8.2.11.2.1 Hydromodification Concepts
As required in the 2007 Permit, the evaluation of increased erosive force is limited to the geomorphically
significant flow range, which is defined between the flow associated with critical shear stress and the ten-year
return interval flow (Q10). The value of the lower flow threshold indicates the flow at which sediment
erosion from the stream bed or banks begins to occur. The HMP uses two calculation tools (the low flow
calculator and the SCCWRP Field manual for assessing channel susceptibility, 2010assessment tool) to
determine the low flow threshold based upon substrate type, channel slope, roughness, channel cross section,
and other stream assessment conditions. The resulting lower flow threshold will be expressed as a multiple of
the two-year return interval flow (Q2):

 0.1Q2 for streams with HIGH susceptibility to channel erosion
 0.3Q2 for streams with MEDIUM susceptibility to channel erosion
 0.5Q2 for streams with LOW susceptibility to channel erosion
8.2.21.2.2 HMP Effectiveness Validation Measures
Sediment Transport Studies. This approach monitors suspended sediment and/or bed sediment transport

rateconcentration (SSC) throughout a storm event and can be used to directly evaluate the validity of a
lowlower flow threshold for a particular stream segment. Bedload and/or suspended load are monitored
depending on which transport mechanism appears to dominate at the project site. Measuring the sediment
transport rate andcontinuous SSC to flow raterelationship over a range of flows allows a relationship HMP
effectiveness to be developed (i.e., a sediment rating curve) to assess the calculated low flow threshold in
comparison to where evaluated based on whether or not significant sediment transport is post-project
increases in SSC (as compared to pre-project conditions) are observed to occur forat a given channel
susceptibility type.flow rate. This approach is the most labor intensivecostly, because it involves measuring
flow and sediment rate concentration during numerous storm events to develop a statistically valid data set
for each channel susceptibility type.SSC. The sediment transport monitoring activities involve a combination
of up to fiveSSC measurements depending on the dominant transport mechanism at the site: continuous
measurements of water stage using a pressure transducer, point measurements of velocity, depth and cross
section area to measure discharge during flow events, direct point measurements of bedload and suspended
sediment concentration (SSC) andwill involve continuous turbidity during flow events. Continuous
monitoring, which would include calibration of turbidity monitoring using a data logger will be used at high
susceptibility sites to develop correlations between meters using stream cross-sectional sediment sampling to
correlate SSC to turbidity and SSC to estimate SSC where point measurements are not available.., or an
approved equivalent metric. SSC values can also be determined through a laboratory analysis using United
States Geological Survey (USGS) procedures. The final analysis method, along with data collection
specifications, will be determined following future discussions with the Copermittees and members of the
Technical Advisory Committee. These approaches are most likely to produce information on HMP
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effectiveness on a relatively short time frame, provided that a sufficient range of storm event sizes can be
sampled during the monitoring program.in a given year.
Flow Duration Curves. Another measure of HMP effectiveness is determining if, within the geomorphically

significant flow range, the post-project flow-duration curve is comparable to or below the pre-project flow
duration curve. The 2010 Monitoring Plan did not adequately describe how the flow measurements could be
used to generate a flow duration curve which is normally created using 30 years or more of data. Therefore,
the 2013 Monitoring Plan shifts the emphasis to assessing the accuracy of the continuous simulation model
within the scope of this project in representing rainfall-runoff relationships found using field measurements.
Field data from the HMP study will be used to validate the continuous simulations model, while long-term
gage records from small watersheds in San Diego Region will be used to calibrate the model input parameters.
Refinement of the continuous simulation model is important, as the model was originally developed using
field data from watersheds that are much larger than typical HMP sites. Field measurements of rainfall and
flow rate will be collected and hydrographs prepared for the pre-project condition. The same field
measurements will be collected and analyzed for post-development conditions, if the timing of development
project construction allows this. If mitigated development projects are not completed in the study catchment
within the study timeframe, then assessment of the rainfall-runoff simulation accuracy for the urbanized study
sites will need to suffice as a representation of conditions for a developed but unmitigated watershed. The
Copermittees will also look for opportunities to monitor hydromodification controls that are not in the study
catchment (referred to as “decoupled” monitoring in the HMP Monitoring Plan Revision Technical Report).
This monitoring activity will also depend on development timelines. This information will ultimately be used
to evaluate the accuracy of the continuous simulation model in producing flow duration curves which HMP
mitigation facility design standards are built around. Flow-duration curves are monitored by installing
continuous flow monitoring devices downstream of a planned project prior to development to establish preproject conditions. If the flow monitoring facilities used for the sediment transport studies (detailed above)
are located just downstream of a proposed development, then data from the sediment transport studies can
be used for the pre-project flow duration data. This approach is consistent with the draft SCCWRP
monitoring framework, which recommends stream flow monitoring to be provided just downstream of a
hydromodification mitigation management device. Post-development mitigated flow duration monitoring
data is analyzed to evaluate whether significant changes in the flow-duration curve have occurred. This
monitoring approach can also be used to validate sizing factors for LID and extended detention BMPs.
Depending on the range of rainfall events encountered in a particular year, monitoring of flow-duration
curves can help develop pre-project conditions and evaluate post-project effectiveness on a relatively short
time scale ( i.e., 2 to 3 years each).
Channel Stability.Incision and Widening. The most obvious measure of stream erosiondegradation is to

physically measure the pre-project and post-project cross sections, and determine if the channel is
unstableincising and either aggrading/ or degrading over timewidening. This is accomplished by conducting
geomorphic assessments and channel surveys downstream of a planned development before and after
construction. In addition to physical measurements, comparison of current and historical photos, aerial
photography, and site inspection for signs of channel instability degradation can provide important
supporting evidence. The labor for conducting such an assessment at a single location is lower compared to
the effort needed to conduct sediment transport studies. Costs are driven by the number of sites assessed, as
well as the need for establishing pre-project trends (e.g., rate of pre-project channel incision per year).
Although this monitoring approach is the most direct measure of whether stream instability degradation is
occurring, it is difficult to use the method to differentiate between existing geomorphic effects (e.g. effects of
converting native vegetation to cattle ranching) and post-project geomorphic effects. To do so would require
a long-term baseline of pre-project channel erosionincision and sedimentationwidening rates along with postproject monitoring. To capture the range of annual rainfall conditions encountered in Southern California,
decades of information are generally recommended to quantify pre-project baseline trends. Therefore, while
baseline data will be collected and will be useful for future comparison analyses, this monitoring plan focuses
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on validation measures likely to provide meaningful data within 2 to 5 years. It is possible that tentative
conclusions may be reached regarding channel instabilityincision and widening at the conclusion of the 5-year
monitoring plan. Finally, it should be noted that the Copermittees will centralize stream assessment
information collected as part of project development processes. This information may be used for future
channel condition assessments and will be utilized by the Copermittees to the extent practicable. While such
stream assessment information will not be required for all Priority Development Projects, it would be
required for all projects proposing the use of stream rehabilitation mitigation measures (e.g., constructed
channel widening, drop structures) and for projects using lower flow thresholds in excess of 0.1Q2. The
Copermittees are currently considering other requirements for pre-project stream assessments, including
project size, contributing impervious area cover, and receiving channel material.

8.2.31.2.3 Temporal and Spatial Variability of Monitoring Locations
Temporal Variability. As noted above, the single most important factor affecting the temporal variability

inherent to measuring stream degradation is variable inter-annual rainfall frequency and intensity. Droughts
in California can last years, with little to no rainfall occurring in Southern California. During El Nino years,
anomalously high storm frequencies and intensities can result in sudden geomorphic changes. Rainfall
intensity also varies intra-annually. However, if a sufficient range of storm intensities is encountered in a
particular year, then short duration monitoring approaches, such as flow-duration curves and sediment
transport studies can provide valuablesome information on HMP effectiveness on shorter timescales.

Spatial Variability. Sampling an adequate variety of channel susceptibility types, along with a
sufficientreasonable number of replicates within for each susceptibility type, is important to capture the range
of watershed conditions present in the permit coverage area. Other important factors that affect stream
responses to hydromodification include channel grade, channel material, watershed area, vegetated cover, and
existing channel instabilitystream sinuosity. In addition to channel and watershed features, location within the
watershed is an important consideration. Monitoring stations should be located in the watershed headwaters
just downstream of a development project of sufficient size, so that hydromodification effects from the
proposed development can be isolated for comparison purposes to the maximum extent practicable.
Monitoring sites located closer to the development siteUpper watershed sites provide more definitive
measures of HMP effectiveness because they can more directly correlate effects to the specific development
project.specific development projects. Middle watershed and lower watershed sites would The concept of
providing hydromodification effectiveness measurements in the watershed headwaters is supported by
SCCWRP. Research by SCCWRP has shown that hydromodification effects of a development project
become muted with increasing distance from the development site (defined by SCCWRP as the Domain of
Effect). Sites located in the middle watershed and lower watershed are likely to be influenced by confounding
variables such as mass wasting and impacts from natural tributary confluences and other existing
development projects, including phased developments over many years, in the watershed. Therefore, middle
and lower watershed monitoring sites would require much more time to assess overall program effectiveness.

However, the Copermittees will attempt to utilize data from concurrent water quality monitoring programs to
develop a database of middle/lower watershed flow data. Specifically, monitoring station located in middle to
lower watershed locations will be identified for the two proposed channel susceptibility types. While the San
Diego HMP has been written to require onsite hydromodification flow controls at each applicable new
development and redevelopment site, thus minimizing the potential for cumulative watershed impacts as a
result of new development and redevelopment, monitoring station locations will behave been selected, where
possible, to include the effects of multiple upstream developments. The concept of providing
hydromodification effectiveness measurements in the watershed headwaters is supported by SCCWRP.
Research by SCCWRP has shown that hydromodification effects of a development project become muted
with increasing distance from the development site (defined by SCCWRP as the Domain of Effect). To the
extent practicable, monitoring locations detailed in the Monitoring Plan will be distributed throughout the
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Permit coverage area Hydrologic Units to provide for geographic and climatic variability across San Diego
County.

8.31.3

Recommended Approaches to Assess Effectiveness

Selection of HMP effectiveness assessment monitoring techniques wasis subject to two primary constraints.
The schedule constraint involvedinvolves the RWQCB’s desire to have some preliminary information on
HMP effectiveness prior to re-issuance of the new Municipal Separate Storm Sewer System (MS4) Permit
(RWQCB Order R9-2013-0001), which was issued on May 8, 2013.for San Diego County, currently
scheduled for 2012. This schedule constraint createdcreates an added “practicality” issue, since it wasis
unlikely that much meaningful data couldcan be acquired in such an abbreviated timeline. While the
monitoring plan detailed in this memorandum extends for five years, interim data was presentedmay be
provided to the Regional Board to assist with development of the new MS4next Permit.
The budget constraint involvedinvolves the San Diego County Copermittees’ limited resources for
monitoring. Given the fact that the Copermittees are currently committed to a multi-million dollar (in excess
of $3 million per year)$2,500,000 annual regional water quality monitoring plan effort, and given the current
economic climate in which multiple local municipalities have been forced to reduce both budget and staff,
expansion of existing monitoring mandates requiredrequires significant financial consideration and analysis.
Thus, the Copermittees wereare compelled to evaluate how to develop the best possible monitoring approach
to evaluate HMP effectiveness within the available budget.
Details of thisthe monitoring Monitoring plan Plan are above and beyond details of the existing regional
water quality monitoring efforts. effort. Wherever possible, the Copermittees have soughtwill seek
opportunities to utilize relevant data from the existing water quality monitoring efforts to achieve an economy
of scale. The Copermittees havewill also sought to ensure there is no duplication of effort between the
varioustwo monitoring programs.
This monitoring Monitoring plan Plan focuses on using concentratedcontinuous monitoring activities so that
almost all potentially sediment transporting events are monitored at a small number of locationsdata to obtain
the maximum amount of data regarding sediment transport and flow duration monitoring. It is the opinion
of the Copermittees that acquisition of continuous data at a statistically justified number of monitoring
locations is more valuable (from a data analysis standpoint) as compared to obtaining a largefinite number of
isolated runoff events from more distributed monitoring locations. Therefore the Copermittees agreed on
using a combination of continuous and event-based monitoring plus the application of adaptive monitoring
to yield even more valuable data.
Considering the constraints and technical approach detailed above, specificthe following approaches wereare
recommended infor the 2010revised HMP Monitoring Plan. Various monitoring locations were chosen for
the purpose of evaluating HMP effectiveness on a variety of channel susceptibility types. Based on study
constraints and improved field knowledge realized during early implementation of the Monitoring Plan, this
2013 Monitoring Plan modifies the approach as described below.



Monitor effectiveness using Sediment Transport and Flow Duration Studies. As noted above,
continuous and point measurements of sediment transport and flow duration studies can provide direct
measures of HMP effectiveness on a relatively short timescale. These studies are important to verify
HMP assumptions about the lower flow thresholds and to verify flow duration design criteria is being
achieved. Development of the sediment transport studies would also provide stream cross section data, as
well as photographic evidence, that could serve as a baseline for future stream morphology comparisons.



Monitor the Upper Watershed. Upper watershed monitoring is recommended to eliminate confounding

lower watershed variables that would skew the analysis and minimize the potential for reaching
meaningful conclusions.
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Monitor Replicates of Two Channel Susceptibility Types. In the development of the San Diego

County HMP, receiving streams will behave been classified into one of three channel types, pursuant to a
State Board-funded study conducted by SCCWRP. The stream classification system is consistent with the
analysis, findings, and tools developed in the SCCWRP study and classifies streams into the following
stream susceptibility categories:
 HIGH susceptibility
 MEDIUM susceptibility
 LOW susceptibility
Monitoring locations should be have been selected from HIGH and MEDIUM susceptibility channel
segments, whenever possible, in order to focus study resources on the most critical stream types.



Monitor Two MEDIUM Reference Sites, Two HIGH Reference Sites, and Three HIGH Development
Sites. Multiples of the same type of site are referred to as “three replicates” in the 2010 Monitoring Plan;
the goal being a large enough sample size to account and one reference station for spatial variability in
the analysis.each susceptibility type. Providing three replicates of each channel susceptibility type

provides sufficient data to characterizewould begin the characterization of the range of conditions present
in San Diego County. The “Reference”reference monitoring station associated with each channel
susceptibility type would be located in a watershed for which no upstream development (existing or
future) is anticipated. Data from the reference stations can be used to supplement pre-project condition
data obtained at the replicate “Development” sites, since the amount of pre-project condition data that
can be obtained at such sites is dependent on the land development process. The term “Development”
refers to sites where the catchment is currently undeveloped and future development subject to HMP
requirements is planned. Providing three this number of replicate stations balances the need to
characterize spatial variability against the cost of monitoring and provides the data needed to estimate the
median and range of the lower flow threshold for a given susceptibility type, or to estimate the standard
deviation of an average value. The challenges encountered in obtaining suitable sites have necessitated
simplification of the site categories. No MEDIUM susceptibility Development sites were secured as part
of the extensive site selection process conducted to date. However, the presence of two Reference sites
with MEDIUM ratings will provide beneficial knowledge of these systems. Additional Development
monitoring sites should only be added if they are perfect candidates, will be developed in the immediate
future, and possess a MEDIUM susceptibility to hydromodification. Through careful selection of available
sites and by other improvements and augmentation made to the Monitoring Plan as part of the 2013
revision, it is expected that the strength of the findings will be similar to what was anticipated with the
original 2010 Monitoring Plan.



Monitor the Middle Watershed. Middle watershed monitoring, one MEDIUM and one HIGH

susceptibility channel will be monitoredprovided at two monitoring locations, both of which will be
located downstream of existing urbanized areas with watershed impervious areas greater than 40 percent.

8.41.4

Summary and Conclusions

The revised 2013 Monitoring Plan, scheduled for implementation over the remainder of thea 5-year period,
includeswill recommend the following specific activities:
Baseline Monitoring Plan Requirements:

 Adherence to the Quality Assurance Project Plan for Effectiveness Assessment Monitoring for the San

Diego Hydromodification Management Plan (pursuant to Sect. D.1.g(1)(k) of the Regional Board Order
No. R9-2007-0001) that was developed at the beginning of the study (Weston Solutions, Inc., June 2013).

 Development of QAPP
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 Selection of monitoring replicates of MEDIUM and HIGH channel susceptibility types (Completed 2013,
as detailed in the site selection memorandum submitted to the Regional Board in December of 2013)

 Rainfall gauge and stream gauge analysis, and installation, inspection and maintenance at all monitoring
sites (continued through 2016)

 Rainfall gauge, stream gauge, and HMP facility outflow station inspection and maintenance (Fiscal Year

2012 through 2016)Installation of permanent site specific tipping bucket rain gauges at all monitoring sites
(completed September, 2013)

 Hydrologic studies to verify the use of HSPF models for small watersheds (2013-2016)
 Annual data analysis (Continued through 2012 – 2016)
 Incorporation of recommendations from the HMP Re-evaluation Reevaluation of the Monitoring Plan
Revision Technical Report that was based on inputafter review of findings from theStatewide HMP
Monitoring Technical Advisory CommitteeGroup and review of final SCCWRP Hydromodification
Monitoring Report (released in March 2013)

 Report preparation (final report to be prepared in 2016)
Channel Assessments:

 Initial geomorphic assessment at each monitoring location (to determine stream susceptibility type –
completed in 2011-20132)

 Baseline cross section surveys at each monitoring location (completed in 2011-20132)
 Annual abbreviated* geomorphic assessments at each monitoring location (to assess channel condition
and response, - 2012- – 2016) to be expanded to a full assessment if significant changes are identified.

 Total Station Cross cross section surveys (after 5 years) at each monitoring location (2016)
 Annual rod and level surveys of thalweg and cross section at each monitoring location (to assess temporal
changes over the five year period, annually through 2015)

 Remote sensing of channel dimensions and sediment sources (to support conclusions on channel
instability, 2013-2016)

Sediment Transport Analysis:

 Flow and sediment monitoring station installation
 Continuous and event-based pre-project, post-project and reference station flow, sediment and rainfall

data collection (through 2012 – 2016; monitoring can be terminated at a given site once sufficient data has
been obtained to develop a valid relationship between sediment transport rate and flow rate duration
curve, with updated monitoring only if conditions warrant)

Flow Duration Analysis:

 Pre-project rainfall and flow rate data collection.
 Development of flow duration curves using continuous simulation models for pre-project and post
project conditions.

 HMP facility inflow and/or outflow monitoring station installation and/or level logger installation;

depending on the availability of facilities to monitor and the ability to incorporate flow measurement
devices into the facility. Post-project HMP facility outflow data collection (through 2016 dependent on
availability of facilities)

 Continuous post-project HMP facility outflow data collection (2013 – 2016)
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* Abbreviated geomorphic assessments are performed if little or no channel adjustment has occurred since the initial assessment, and it entails walking
the domain of the receiving channel and documenting signs of channel instability that may eventually affect the monitoring site; examples include
downstream headcuts, upstream sedimentation, and accelerated bank erosion. The abbreviated assessment gathers important information regarding
the stability of the receiving channel within the domain of analysis without collecting unnecessary and redundant data. A full geomorphic assessment
is based on the SCCWRP Hydromodification screening tools, which includes a series of qualitative observations and measurements to characterize
the general form, composition, and stability rate of the receiving channel. A full geomorphic assessment should be conducted if the monitoring
location is experiencing substantial changes in channel form or composition due to instability of the fluvial system.
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HYDROMODIFICATION MANAGEMENT PLAN

1. MONITORING PLAN (REVISED, DECEMBER 2013)
1.1 Introduction
This section presents a summary of the San Diego HMP’s revised Monitoring Plan in 2013, reflecting the
changes developed through a re-evaluation and consultation process with the HMP Technical Advisory
Committee (TAC). The summary explains technical concepts and approaches to monitor the effectiveness of
the HMP as required by provision D.1.g of Regional Water Quality Control Board (RWQCB) Order No. R92007-0001 and as subsequently required in RWQCB Order R9-2013-0001 part D.1.a.(2).).
Part 1(k) of provision D.1.g requires that the HMP shall “include a description of pre- and post-project
monitoring and other program evaluations to be conducted to assess the effectiveness of implementation of
the HMP.” For the purposes of developing an HMP monitoring approach, an effective HMP is defined as a
program that results in no significant stream degradation due to increased erosive force caused by new
development.
The monitoring approach provides for the optimum 5-year effectiveness assessment within currently available
funding resources. Monitoring Plan activities were selected to achieve statistical data collection requirements
while balancing regional financial constraints and highly variable and evolving scientific, regulatory, and
physical elements. Monitoring Plan activities presented herein have been developed to answer the following
questions regarding HMP program effectiveness assessment:



Do field observations confirm that the HMP appropriately defines the flow rate (expressed as a
function of the 2-year runoff event) that initiates movement of channel bed or bank materials?

Since most of the sediment transport modeling prepared as part of the HMP development relied on
laboratory flume data, it is important to supplement the sediment transport data set with field
observations. This data may be used in the next permit cycle to determine whether critical shear stress is
the appropriate parameter for selecting the lower flow threshold of the geomorphically significant
flow range.





Are mitigation facilities adequately meeting flow duration design criteria outlined in the HMP?

Observed HMP mitigation facility outflow data can be analyzed to determine if mitigation facilities are
matching the mitigated post-project peak flow frequency and flow duration curves to the pre-project
curves (within tolerances set forth in the HMP). This data can also be used to analyze the precision of
LID sizing factors, extended detention facility design criteria, and to potentially recommend changes to
more closely match the mitigated post-project curves to pre-project condition peak flow frequency and
flow duration curves.
What is the effect of development on downstream cross section stability?

Since the mitigation of accelerated channel degradation as a result of development is the central purpose
of the HMP, analysis of channel cross sections downstream of development projects is a component of
the Monitoring Plan. However, uncertainties involved with this comparison tool (namely the problem of
disentangling erosion due to current project-related hydromodification from erosion due to historic land
use changes or natural disturbance events such as fire or floods) make policy determinations less likely
within the time frame of the 5-year monitoring plan (as compared to sediment transport modeling and
flow duration modeling detailed in the previous two questions).
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Such a question-driven plan is consistent with the Framework for Developing Hydromodification Monitoring
Programs prepared by the Southern California Coastal Water Research Project (SCCWRP – Technical Report
752, March 2013).
During the past three years of implementing the HMP Monitoring Plan, the Copermittees have assembled a
comprehensive team of technical experts to provide input in refining the Monitoring Plan to effectively
address the three core study questions listed above. The team is comprised of the Hydromodification
Monitoring Subworkgroup, a Technical Advisory Committee, and Consultants with expertise in
hydromodification monitoring as follows:
Hydromodification Monitoring Subworkgroup Members










Jim Nabong, P.E., City of San Diego (Chair)
Jim Hook, City of San Diego
Summer Hasenin, P.E., City of San Diego
Christine Sloan, County of San Diego (Land Development Workgroup Chair)
Deborah Mosley, County of San Diego
René Vidales, P.E., County of San Diego
Greg Carlton, P.E., County of San Diego
Andrea Santos, County of San Diego

Technical Advisory Committee Members









Eric Berntsen, formerly of the State Water Resources Control Board (hydromodification),
Christina Arias, P.E., San Diego RWQCB
Dr. Eric Stein, SCCWRP (hydromodification and water quality)
Dr. Felicia Federico, UCLA (hydromodification)
Jo Ann Weber, County of San Diego (water quality and Copermittee watershed planning)
Dr. Trent Biggs, San Diego State University (geology and hydrology)
Dennis Bowling, P.E., Rick Engineering (hydromodification)

Consultant Team

 Dr. Andy Collison and Brian Haines of ESA PWA (hydromodification and geomorphology),
 Dave Renfrew, CPSWQ and Garth Engelhorn, CPSWQ of Weston Solutions, Inc. (monitoring and
reporting)

 Scott Cartwright, P.E., RBF
 Dr. Trent Biggs, San Diego State University (geology and hydrology)
 Kris Taniguchi, San Diego State University (geology and hydrology)
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1.2 Technical Concepts
1.2.1 Hydromodification Concepts
As required in the 2007 Permit, the evaluation of increased erosive force is limited to the geomorphically
significant flow range, which is defined between the flow associated with critical shear stress and the ten-year
return interval flow (Q10). The value of the lower flow threshold indicates the flow at which sediment
erosion from the stream bed or banks begins to occur. The HMP uses two calculation tools (the low flow
calculator and the SCCWRP Field manual for assessing channel susceptibility, 2010) to determine the low
flow threshold based upon substrate type, channel slope, roughness, channel cross section, and other stream
assessment conditions. The resulting lower flow threshold will be expressed as a multiple of the two-year
return interval flow (Q2):

 0.1Q2 for streams with HIGH susceptibility to channel erosion
 0.3Q2 for streams with MEDIUM susceptibility to channel erosion
 0.5Q2 for streams with LOW susceptibility to channel erosion
1.2.2 HMP Effectiveness Validation Measures
Sediment Transport Studies. This approach monitors suspended sediment and/or bed sediment transport

rate throughout a storm event and can be used to directly evaluate the validity of a low flow threshold for a
particular stream segment. Bedload and/or suspended load are monitored depending on which transport
mechanism appears to dominate at the project site. Measuring the sediment transport rate and flow rate over
a range of flows allows a relationship to be developed (i.e., a sediment rating curve) to assess the calculated
low flow threshold in comparison to where sediment transport is observed to occur for a given channel
susceptibility type. This approach is the most labor intensive, because it involves measuring flow and
sediment rate concentration during numerous storm events to develop a statistically valid data set for each
channel susceptibility type. The sediment transport monitoring activities involve a combination of up to five
measurements depending on the dominant transport mechanism at the site: continuous measurements of
water stage using a pressure transducer, point measurements of velocity, depth and cross section area to
measure discharge during flow events, direct point measurements of bedload and suspended sediment
concentration (SSC) and turbidity during flow events. Continuous turbidity monitoring using a data logger
will be used at high susceptibility sites to develop correlations between turbidity and SSC to estimate SSC
where point measurements are not available.. These approaches are most likely to produce information on
HMP effectiveness on a relatively short time frame, provided that a sufficient range of storm event sizes can
be sampled during the monitoring program.
Flow Duration Curves. Another measure of HMP effectiveness is determining if, within the geomorphically

significant flow range, the post-project flow-duration curve is comparable to or below the pre-project flow
duration curve. The 2010 Monitoring Plan did not adequately describe how the flow measurements could be
used to generate a flow duration curve which is normally created using 30 years or more of data. Therefore,
the 2013 Monitoring Plan shifts the emphasis to assessing the accuracy of the continuous simulation model
within the scope of this project in representing rainfall-runoff relationships found using field measurements.
Field data from the HMP study will be used to validate the continuous simulations model, while long-term
gage records from small watersheds in San Diego Region will be used to calibrate the model input parameters.
Refinement of the continuous simulation model is important, as the model was originally developed using
field data from watersheds that are much larger than typical HMP sites. Field measurements of rainfall and
flow rate will be collected and hydrographs prepared for the pre-project condition. The same field
measurements will be collected and analyzed for post-development conditions, if the timing of development
project construction allows this. If mitigated development projects are not completed in the study catchment
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within the study timeframe, then assessment of the rainfall-runoff simulation accuracy for the urbanized study
sites will need to suffice as a representation of conditions for a developed but unmitigated watershed. The
Copermittees will also look for opportunities to monitor hydromodification controls that are not in the study
catchment (referred to as “decoupled” monitoring in the HMP Monitoring Plan Revision Technical Report).
This monitoring activity will also depend on development timelines. This information will ultimately be used
to evaluate the accuracy of the continuous simulation model in producing flow duration curves which HMP
mitigation facility design standards are built around.
Channel Stability. The most obvious measure of stream erosion is to physically measure the pre-project and

post-project cross sections, and determine if the channel is unstable and either aggrading or degrading over
time. This is accomplished by conducting geomorphic assessments and channel surveys downstream of a
planned development before and after construction. In addition to physical measurements, comparison of
current and historical photos, aerial photography, and site inspection for signs of channel instability can
provide important supporting evidence. The labor for conducting such an assessment at a single location is
lower compared to the effort needed to conduct sediment transport studies. Costs are driven by the number
of sites assessed, as well as the need for establishing pre-project trends (e.g., rate of pre-project channel
incision per year). Although this monitoring approach is the most direct measure of whether stream
instability is occurring, it is difficult to use the method to differentiate between existing geomorphic effects
(e.g. effects of converting native vegetation to cattle ranching) and post-project geomorphic effects. To do so
would require a long-term baseline of pre-project channel erosion and sedimentation rates along with postproject monitoring. To capture the range of annual rainfall conditions encountered in Southern California,
decades of information are generally recommended to quantify pre-project baseline trends. Therefore, while
baseline data will be collected and will be useful for future analyses, this monitoring plan focuses on
validation measures likely to provide meaningful data within 2 to 5 years. It is possible that tentative
conclusions may be reached regarding channel instability at the conclusion of the 5-year monitoring plan.

1.2.3 Temporal and Spatial Variability of Monitoring Locations
Temporal Variability. As noted above, the single most important factor affecting the temporal variability

inherent to measuring stream degradation is variable inter-annual rainfall frequency and intensity. Droughts
in California can last years, with little to no rainfall occurring in Southern California. During El Nino years,
anomalously high storm frequencies and intensities can result in sudden geomorphic changes. Rainfall
intensity also varies intra-annually. However, if a sufficient range of storm intensities is encountered in a
particular year, then short duration monitoring approaches, such as flow-duration curves and sediment
transport studies can provide valuable information on HMP effectiveness on shorter timescales.
Spatial Variability. Sampling an adequate variety of channel susceptibility types, along with a sufficient
number of replicates for each susceptibility type, is important to capture the range of watershed conditions
present in the permit coverage area. Other important factors that affect stream responses to
hydromodification include channel grade, channel material, watershed area, vegetated cover, and existing
channel instability In addition to channel and watershed features, location within the watershed is an
important consideration. Monitoring stations should be located in the watershed headwaters just downstream
of a development project of sufficient size, so that hydromodification effects from the proposed development
can be isolated for comparison purposes to the maximum extent practicable. Monitoring sites located closer
to the development site provide more definitive measures of HMP effectiveness because they can more
directly correlate effects to the specific development project. The concept of providing hydromodification
effectiveness measurements in the watershed headwaters is supported by SCCWRP. Research by SCCWRP
has shown that hydromodification effects of a development project become muted with increasing distance
from the development site (defined by SCCWRP as the Domain of Effect). Sites located in the middle
watershed and lower watershed are likely to be influenced by confounding variables such as mass wasting and
impacts from natural tributary confluences and other existing development projects, including phased
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developments over many years, in the watershed. Therefore, middle and lower watershed monitoring sites
would require much more time to assess overall program effectiveness.
While the San Diego HMP has been written to require onsite hydromodification flow controls at each
applicable new development and redevelopment site, thus minimizing the potential for cumulative watershed
impacts as a result of new development and redevelopment, monitoring station locations have been selected
to include the effects of multiple upstream developments.

1.3 Recommended Approaches to Assess Effectiveness
Selection of HMP effectiveness assessment monitoring techniques was subject to two primary constraints.
The schedule constraint involved the RWQCB’s desire to have some preliminary information on HMP
effectiveness prior to re-issuance of the new MS4 Permit (RWQCB Order R9-2013-0001), which was issued
on May 8, 2013. This schedule constraint created an added “practicality” issue, since it was unlikely that
much meaningful data could be acquired in such an abbreviated timeline. While the monitoring plan extends
for five years, interim data was presented to the Regional Board to assist with development of the new MS4
Permit.
The budget constraint involved the San Diego County Copermittees’ limited resources for monitoring.
Given the fact that the Copermittees are currently committed to a multi-million dollar (in excess of $3 million
per year) annual regional water quality monitoring plan effort, and given the current economic climate in
which multiple local municipalities have been forced to reduce both budget and staff, expansion of existing
monitoring mandates required significant financial consideration and analysis. Thus, the Copermittees were
compelled to evaluate how to develop the best possible monitoring approach to evaluate HMP effectiveness
within the available budget.
Details of this Monitoring Plan are above and beyond details of existing regional water quality monitoring
efforts. Wherever possible, the Copermittees have sought opportunities to utilize relevant data from the
existing water quality monitoring efforts to achieve an economy of scale. The Copermittees have also sought
to ensure there is no duplication of effort between the various monitoring programs.
This Monitoring Plan focuses on using concentrated monitoring activities so that almost all potentially
sediment transporting events are monitored at a small number of locations to obtain the maximum amount
of data regarding sediment transport and flow duration monitoring. It is the opinion of the Copermittees that
acquisition of continuous data at a statistically justified number of monitoring locations is more valuable
(from a data analysis standpoint) as compared to obtaining a large number of isolated runoff events from
more distributed monitoring locations. Therefore the Copermittees agreed on using a combination of
continuous and event-based monitoring plus the application of adaptive monitoring to yield even more
valuable data.
Considering the constraints and technical approach detailed above, specific approaches were recommended in
the 2010 Monitoring Plan. Various monitoring locations were chosen for the purpose of evaluating HMP
effectiveness on a variety of channel susceptibility types. Based on study constraints and improved field
knowledge realized during early implementation of the Monitoring Plan, this 2013 Monitoring Plan modifies
the approach as described below.



Monitor effectiveness using Sediment Transport and Flow Duration Studies. As noted above,

continuous and point measurements of sediment transport and flow duration studies can provide direct
measures of HMP effectiveness on a relatively short timescale. These studies are important to verify
HMP assumptions about the lower flow thresholds and to verify flow duration design criteria is being
achieved. Development of the sediment transport studies would also provide stream cross section data, as
well as photographic evidence, that could serve as a baseline for future stream morphology comparisons.
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Monitor the Upper Watershed. Upper watershed monitoring is recommended to eliminate confounding

lower watershed variables that would skew the analysis and minimize the potential for reaching
meaningful conclusions.



Monitor Replicates of Two Channel Susceptibility Types. In the development of the San Diego

County HMP, receiving streams have been classified into one of three channel types, pursuant to a State
Board-funded study conducted by SCCWRP. The stream classification system is consistent with the
analysis, findings, and tools developed in the SCCWRP study and classifies streams into the following
stream susceptibility categories:
 HIGH susceptibility
 MEDIUM susceptibility
 LOW susceptibility
Monitoring locations have been selected from HIGH and MEDIUM susceptibility channel segments,
whenever possible, in order to focus study resources on the most critical stream types.



Monitor Two MEDIUM Reference Sites, Two HIGH Reference Sites, and Three HIGH Development
Sites. Multiples of the same type of site are referred to as “replicates” in the 2010 Monitoring Plan; the

goal being a large enough sample size to account for spatial variability in the analysis. Providing replicates
of each channel type provides sufficient data to characterize the range of conditions present in San Diego
County. The “Reference” monitoring station would be located in a watershed for which no upstream
development (existing or future) is anticipated. Data from the reference stations can be used to
supplement pre-project condition data obtained at the replicate “Development” sites, since the amount of
pre-project condition data that can be obtained at such sites is dependent on the land development
process. The term “Development” refers to sites where the catchment is currently undeveloped and
future development subject to HMP requirements is planned. Providing this number of replicate stations
balances the need to characterize spatial variability against the cost of monitoring and provides the data
needed to estimate the median and range of the lower flow threshold for a given susceptibility type, or to
estimate the standard deviation of an average value. The challenges encountered in obtaining suitable sites
have necessitated simplification of the site categories. No MEDIUM susceptibility Development sites
were secured as part of the extensive site selection process conducted to date. However, the presence of
two Reference sites with MEDIUM ratings will provide beneficial knowledge of these systems. Additional
Development monitoring sites should only be added if they are perfect candidates, will be developed in
the immediate future, and possess a MEDIUM susceptibility to hydromodification. Through careful
selection of available sites and by other improvements and augmentation made to the Monitoring Plan as
part of the 2013 revision, it is expected that the strength of the findings will be similar to what was
anticipated with the original 2010 Monitoring Plan.



Monitor the Middle Watershed. Middle watershed monitoring, one MEDIUM and one HIGH

susceptibility channel will be monitored, both of which will be located downstream of existing urbanized
areas with watershed impervious areas greater than 40 percent.

1.4 Summary and Conclusions
The revised 2013 Monitoring Plan, scheduled for implementation over the remainder of the 5-year period,
includes the following specific activities:
Baseline Monitoring Plan:

 Adherence to the Quality Assurance Project Plan for Effectiveness Assessment Monitoring for the San

Diego Hydromodification Management Plan (pursuant to Sect. D.1.g(1)(k) of the Regional Board Order
No. R9-2007-0001) that was developed at the beginning of the study (Weston Solutions, Inc., June 2013).
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 Selection of monitoring replicates of MEDIUM and HIGH channel susceptibility types (Completed 2013,
as detailed in the site selection memorandum submitted to the Regional Board in December of 2013)

 Rainfall gauge and stream gauge analysis, installation, inspection and maintenance at all monitoring sites
(continued through 2016)

 Installation of permanent site specific tipping bucket rain gauges at all monitoring sites (completed
September, 2013)

 Hydrologic studies to verify the use of HSPF models for small watersheds (2013-2016)
 Annual data analysis (Continued through 2016)
 Incorporation of recommendations from the HMP Re-evaluation Monitoring Plan Revision Technical

Report that was based on input from the HMP Monitoring Technical Advisory Committee and review of
final SCCWRP Hydromodification Monitoring Report (released in March 2013)

 Report preparation (final report to be prepared in 2016)
Channel Assessments:

 Initial geomorphic assessment at each monitoring location (to determine stream susceptibility type –
completed in 2013)

 Baseline cross section surveys at each monitoring location (completed in 2013)
 Annual abbreviated* geomorphic assessments at each monitoring location (to assess channel condition
and response, 2012-2016) to be expanded to a full assessment if significant changes are identified.

 Total Station cross section surveys (after 5 years) at each monitoring location (2016)
 Annual rod and level surveys of thalweg and cross section at each monitoring location (to assess temporal
changes over the five year period, annually through 2015)

 Remote sensing of channel dimensions and sediment sources (to support conclusions on channel
instability, 2013-2016)

Sediment Transport Analysis:

 Flow and sediment monitoring station installation
 Continuous and event-based pre-project, post-project and reference station flow, sediment and rainfall

data collection (through 2016; monitoring can be terminated at a given site once sufficient data has been
obtained to develop a valid relationship between sediment transport rate and flow rate duration curve,
with updated monitoring only if conditions warrant)

Flow Duration Analysis:

 Pre-project rainfall and flow rate data collection.
 Development of flow duration curves using continuous simulation models for pre-project and post
project conditions.

 HMP facility inflow and/or outflow monitoring station installation and/or level logger installation;

depending on the availability of facilities to monitor and the ability to incorporate flow measurement
devices into the facility. Post-project HMP facility outflow data collection (through 2016 dependent on
availability of facilities)

* Abbreviated geomorphic assessments are performed if little or no channel adjustment has occurred since the initial assessment, and it entails walking
the domain of the receiving channel and documenting signs of channel instability that may eventually affect the monitoring site; examples include
downstream headcuts, upstream sedimentation, and accelerated bank erosion. The abbreviated assessment gathers important information regarding
the stability of the receiving channel within the domain of analysis without collecting unnecessary and redundant data. A full geomorphic assessment
is based on the SCCWRP Hydromodification screening tools, which includes a series of qualitative observations and measurements to characterize
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the general form, composition, and stability rate of the receiving channel. A full geomorphic assessment should be conducted if the monitoring
location is experiencing substantial changes in channel form or composition due to instability of the fluvial system.

Page 8

A-4
San Diego HMP Monitoring Plan Revision
Technical Report

San Diego Hydromodification Management Plan

Monitoring Plan Revision Technical Report

Prepared for:
County of San Diego and
San Diego Regional Stormwater Copermittees

Prepared by:
ESA PWA and Weston Solutions, Inc.

December 20, 2013

ESA PWA REF. #D211485.07

San Diego Hydromodification Management Plan

Monitoring Plan Revision Technical Report

TABLE OF CONTENTS
Page No.
1. INTRODUCTION

1

2. BACKGROUND

1

2.1

CURRENT MONITORING APPROACH

3

2.2

CURRENT MONITORING REQUIREMENTS

5

3. CURRENT MONITORING PLAN IMPLEMENTATION

7

3.1

SUCCESSES OF MONITORING PLAN IMPLEMENTATION

7

3.2

CHALLENGES WITH MONITORING PLAN IMPLEMENTATION

8

4. RE-EVALUATION PROCESS

9

4.1

FORMATION OF THE MONITORING TECHNICAL ADVISORY COMMITTEE
(TAC) & SUMMARY OF THE MEETINGS

10

4.2

SUMMARY OF THE TAC REVIEW COMMENTS

10

5. INITIAL CONSIDERATIONS FOR THE REVISED MONITORING PLAN

12

5.1

ADMINISTRATIVE CONSIDERATIONS

12

5.2

EFFECTIVENESS ASSESSMENT

13

5.3

MONITORING ELEMENTS

14

5.4

PRIORITIZED CONSIDERATIONS

15

6. CHANGES TO THE MONITORING PLAN

17

6.1

RECOMMENDATIONS FROM THE MONITORING TAC

17

6.2

LIST OF CHANGES

18

6.3

IMPLEMENTATION SCHEDULE

18

7. SUMMARY AND CONCLUSIONS

19

8. REFERENCES

20

9. LIST OF PREPARERS

22

i

San Diego Hydromodification Management Plan

Monitoring Plan Revision Technical Report

LIST OF APPENDICES
A.
B.
C.
D.
E.

SITE SELECTION MEMO
REVIEW OF STATEWIDE FINDINGS
MATERIALS FROM TAC MEETING #1
MATERIALS FROM TAC MEETING #2
CEQA NOTICE OF EXEMPTION

LIST OF TABLES
Table 2-1. San Diego Copermittee HMP Compliance Milestones

3

Table 2-2. HMP Administrative Requirements and Progress to Date

5

Table 4-1. Option Ratings for Recommended Monitoring Plan Revisions from TAC Review.

11

Table 5-1. Effectiveness Questions on Current Plan and Future Enhancements.

13

Table 5-2. List of Potential Modifications, Justification, and Limitations Based on Monitoring TAC Input.
16

LIST OF FIGURES
Figure 2-1. HMP Monitoring Requirements by Sites and Channel Susceptibility

5

Figure 3-1. Phased Monitoring Plan Implementation Timeline (Phase III will start if BMPs are built
during the study period)

8

Figure 3-2. Phased Monitoring Approach Summary

8

ii

San Diego Hydromodification Management Plan

Monitoring Plan Revision Technical Report

1. INTRODUCTION
This report details the San Diego County Municipal Copermittees (Copermittees) re-evaluation and
subsequent revisions of the Monitoring Plan (Chapter 8) of the San Diego Hydromodification
Management Plan (HMP) (Brown and Caldwell, 2011). The revisions were deemed necessary based on
data collected and findings made during the implementation of the Monitoring Plan over the past three
years. The revisions are based on the philosophy of adaptive management, to ensure compliance with
regulatory requirements, and to ensure valid and useable data is collected throughout the study. The
Southern California Coastal Water Research Project (SCCWRP) Framework for Developing
Hydromodification Monitoring Programs states “Monitoring results should not only assess
performance/compliance, but should inform adaptive management decisions. Hydromodification
management is an immature field relative to other forms of water quality management” and “as the
hypothesis underlying the monitoring program are supported or refuted, the design, location, frequency
and/or choice of indicators should be adjusted. Results of early monitoring should inform refinements of
subsequent years monitoring.”
The Copermittees formed a Technical Advisory Committee (TAC) with technical experts, researchers,
and regulatory members in April 2013 to specifically address the future of the HMP Monitoring Project.
The TAC’s goal was to generate expert opinion on the re-evaluation process, and lend support for
revisions to the existing Monitoring Plan. Provided throughout this document are the processes and
specific changes generated by the TAC, Copermittees, and consultant team. Primary considerations for
the re-evaluation were:




Does the current Monitoring Plan meet MS4 permit requirements?
Should any of the existing monitoring activities be modified and how?
What, if any, monitoring and assessment activities should be added to the plan and why?

Results of this re-evaluation have been reflected in a redlined version of the original HMP Monitoring
Plan from Chapter 8 to be submitted by the Copermittees to the San Diego Regional Water Quality
Control Board (SDRWQCB) for approval in December 2013.
2. BACKGROUND
Provisions D.1.g and J.2.a of San Diego Regional Water Quality Control Board (RWQCB) Order No. R92007-00011 (Permit), required the Copermittees to develop a Hydromodification Management Plan
(HMP) to manage increases in runoff discharge rates and durations from all Priority Development
Projects (PDPs), where such increased rates and durations are likely to cause increased erosion of channel
bed and banks, sediment pollutant generation, or other impacts to beneficial uses and stream habitat due
to increased erosive force. Part 1(k) of provision D.1.g requires that the HMP shall “include a description
of pre- and post-project monitoring and other program evaluations to be conducted to assess the
effectiveness of implementation of the HMP.” For the purposes of developing a HMP monitoring

1

RWQCB Order R9-2007-0001, National Pollutant Discharge Elimination System (NPDES) Permit No.
CAS0108758, Waste Discharge Requirements for Discharges of Urban Runoff from the Municipal Separate Storm
Sewer Systems (MS4s) Draining the Watersheds of the County of San Diego, the Incorporated Cities of San Diego
County, the San Diego Unified Port District, and the San Diego County Regional Airport Authority, adopted on
January 24, 2007.
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approach, an effective HMP is defined as a program that results in no significant stream degradation
beyond existing levels due to increased erosive force caused by new development.
The 2007 Permit was the first stormwater permit to contain language requiring San Diego Copermittees to
develop a HMP. Since the release of the 2007 Permit, the Copermittees have developed an HMP for the
region (Brown and Caldwell, 2010 with update in March 2011), developed an Effectiveness Assessment
Monitoring Plan, and a Quality Assurance Project Plan (QAPP) for the HMP monitoring.
The HMP for the San Diego Region was approved on July 14, 2010 by the San Diego RWQCB (RWQCB
Resolution R9-2010-0066) but required specific updates to the Monitoring Plan in Chapter 8. The
Copermittees submitted a revised Chapter 8 in March 2011 (Brown and Caldwell, 2011). Chapter 8 of the
HMP outlined a 5-year Monitoring Plan to assess the effectiveness of the HMP implementation. The
approved Monitoring Plan included a re-evaluation period for the 2013 calendar year with stipulations to
review “findings from the Statewide HMP Monitoring Technical Advisory Group” and the anticipated to
be released “Framework for Developing Hydromodification Monitoring Programs” (Stein and Bledsoe,
2013).
The Copermittees began implementing the Monitoring Plan site selection in 2011. A formal Monitoring
Subworkgroup, comprised of the County and City of San Diego, was formed in January of 2012 to
represent the Copermittees in the management and implementation of the Monitoring Plan. The County of
San Diego serves as the lead agency and contract administrator on behalf of the Copermittees. The
Copermittees, represented by the HMP Monitoring Subworkgroup (Subworkgroup), oversee the progress
and technical direction of the monitoring project. The Subworkgroup commenced implementation of the
Monitoring Plan in January 2012 using a phased monitoring approach to gain knowledge in successive
steps, apply successful monitoring techniques, and to allow for adaptation during the 5-year project. The
Copermittees have collected two years of data to date.
During the implementation of the Monitoring Plan, it was evident that specific elements of the plan would
need to be adjusted due to the difficulties in finding sufficient monitoring sites that met the plans criteria
and was the impetus for the changes needed to move forward. In early 2012, the Subworkgroup engaged
communication with the State Water Resources Control Board’s (SWRCB) lead for Hydromodification
Programs throughout the State (Mr. Eric Berntsen). The Subworkgroup sent Mr. Berntsen details of the
project and started discussions regarding the challenges with finding the appropriate sites. Mr. Berntsen
participated in field visits with the Subworkgroup members on July 31, 2012 and August 1, 2012 to
observe sites the Subworkgroup was pursing and sites already secured (urban sites). On the afternoon of
July 31, 2012 the Subworkgroup met with Mr. Berntsen and Mr. Wayne Chiu of the San Diego RWQCB
to discuss observations and paths forward. The Subworkgroup and consulting team gave an overview of
the preliminary data from the initial monitoring efforts and explained the challenges associated with
finding appropriate sites (especially development sites and lack of flow at reference sites). The
Subworkgroup met once again with Mr. Berntsen and Ms. Ali Dunn of the SWRCB on August 29, 2012
in San Diego. During this visit, the Subworkgroup members, Mr. Berntsen, and Ms. Dunn, visited a
potential development site (Heritage Bluffs) and conducted geomorphic assessments on the site to
demonstrate the site selection challenges and to seek advice from the SWRCB staff.
The Copermittees have continued ongoing communication with the SWRCB to receive advice and
feedback on the project direction and the Subworkgroup has attended all of the HMP workshops hosted
by the SWRCB and SCCWRP. Additionally, the Subworkgroup members have given presentations and
updates at the CASQA Annual Conference in 2012 and 2013, and the CASQA 2013 Conference
Workshop on Hydromodification.
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In response to the challenges identified, the Copermittees formed the TAC in April 2013 to review the
data collected to date, to re-evaluate the Monitoring Plan, and to develop a list of potential modifications
that will help ensure protection of receiving channels and compliance with regulatory requirements.
Inputs received from the TAC and other supporting components of the re-evaluation process included a
review of other California regional HMPs, the SCCWRP Framework for Developing Hydromodification
Monitoring Programs, findings from the hydromodification workshops hosted by the SWRCB, and input
from other technical experts formed the basis for this report and the subsequent revisions to the
Monitoring Plan.
Table 2-1 shows the timeline and milestones accomplished to date and projected dates for completion of
the project.
Table 2-1. San Diego Copermittee HMP Monitoring Project Timeline

2.1

Date
January 2007

Milestone
MS4 Permit adoption

March 2008

Interim HMP for >50ac

December 2009

Final HMP submittal

July 2010

RWQCB approves Final HMP

Sept 2010 to Dec 2011

Initial site research & developing QAPP

January 2012 – May 2013

Subworkgroup increased efforts toward site selection

Oct 2011 – April 2012

Wet Season 1 - Phase 1 monitoring (reference/urban)

July 2012 – Ongoing

Consultations and site visits with SWRCB and RWQCB Staff

Oct 2012 – April 2013

Wet Season 2 - Phase 2 monitoring (+development)

April 2013

Formation of Technical Advisory Committee

December 2013

Revised Monitoring Plan submittal

October 2013 – April 2014

Wet Season 3 – Phase 2 Monitoring

October 2014 – April 2015

Wet Season 4 – Phase 2 Monitoring

October 2015 – April 2016

Wet Season 5 – Phase 2 Monitoring

Dependent on availability of facilities

Phase 3 monitoring (+BMP monitoring)

December 2016

Report submittal

CURRENT MONITORING APPROACH

As required in the HMP, the evaluation of increased erosive force is limited to the geomorphically
significant flow range, which is defined between the low flow associated with critical shear stress and the
ten-year return interval flow (Q10). The value of the lower flow threshold indicates the flow at which
sediment erosion from the stream bed begins to occur. The HMP uses two calculation tools (the low flow
calculator and the SCCWRP channel assessment tool) to determine the low flow threshold based upon
substrate type, channel slope, roughness, channel cross section, and other stream assessment conditions.
The HMP specifies that the resulting lower flow threshold will be expressed as a multiple of the two-year
return interval flow (Q2):



0.1Q2 for streams with HIGH susceptibility to channel erosion
0.3Q2 for streams with MEDIUM susceptibility to channel erosion
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0.5Q2 for streams with LOW susceptibility to channel erosion

The HMP identified best management practice (BMP) guidelines for managing three thresholds of
geomorphically-significant flows defined as a multiple of the two-year return flow. As a result of the
tiered threshold approach and limited hydromodification mitigation data, the San Diego RWQCB
required San Diego to implement a 5-year monitoring project to assess the effectiveness of the HMP. To
comply with this requirement, the Copermittees implemented a phased monitoring approach to gain
knowledge in successive steps, apply successful monitoring techniques, and allow for adaptation during
the 5-year project. The monitoring approach was developed to answer the following management
questions regarding HMP assessment, where feasible:
1. Do field observations confirm that the HMP appropriately defines the flow rate (expressed
as a function of the 2-year runoff event) that initiates movement of channel bed or bank
materials?
2. Are mitigation facilities adequately meeting flow duration design criteria outlined in the
HMP?
3. What is the effect of development on downstream cross section incision and widening?
Monitoring activities were selected to achieve statistical data collection requirements while balancing
regional financial constraints and highly variable scientific, regulatory, and physical elements. Monitoring
for stream flow, in-stream sediment, and BMP facility outflow monitoring will aid in the determination of
the BMP’s effectiveness. Three HMP effectiveness validation measures are being performed for each
phase of the monitoring program, including:


(Geomorphic) Channel Assessments – A two part assessment used to characterize the
susceptibility of the channels to hydromodification, gather basic hydraulic measurements within
the channel, and document changes to the channel over time.



Sediment Transport Analysis – An analysis of sediment transport rates and flow rates to
determine whether critical shear stress is the appropriate parameter for selecting the lower flow
threshold of the geomorphically significant flow range.



Flow Duration Analyses – An analysis of HMP mitigation facility outflow data to determine if
these facilities post-project peak flow frequency and duration curves are equal to or less than the
pre-project curves and analyze the precision of the Low Impact Development (LID) design
criteria identified in the HMP.
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2.2

CURRENT MONITORING REQUIREMENTS

The current administrative requirements for the HMP are presented below in Table 2-2.
Table 2-2. HMP Administrative Requirements and Progress to Date
Administrative Requirement

Progress to Date

File California Environmental Quality Act (CEQA)
documentation for in-stream monitoring
Develop a Quality Assurance Project Plan (QAPP)

CEQA Exemption filed with the County Clerk on February 3,
2012
QAPP developed in June 2012 and updated in June 2013

Installation of rain gauges

Rain gauges installed at all monitoring sites in September 2013

Conduct rain gauge & BMP station inspections (2012-16)
Site screening, surveying, channel assessments and site
selection
Conduct monitoring and annual data analysis (2012-16)
Re-evaluate the Monitoring Plan (2013)
Provide a Final Report (2016)

On-going for rain gauges, BMPs projects have not been
completed at this time.
Over 300 sites screened to date. Nine sites qualified for site
selection.
On-going. Urban and 2 development sites have been monitored to
date. Reference sites have not flowed due to low rainfall amounts
over the past two-years.
Completed as part of this Report
Scheduled for 2016.

The monitoring requirements, detailed in Chapter 8 of the HMP (March 2011,) required that 10 sites be
monitored as part of the HMP Monitoring Project. The 10 sites needed to be selected from MEDIUM and
HIGH susceptibility channels for each site type as shown in Figure 2-1.

Figure 2-1. HMP Monitoring Requirements by Sites and Channel Susceptibility (March 2011 Chapter 8)

The Copermittees developed an extensive site selection and screening process in order to efficiently and
thoroughly screen the viability of all potential sites. This site screening and selection process is detailed in
the Site Selection memo (Appendix A) and summarized in the following five step process:
1. Site Identification– The Subworkgroup reached out to all Copermittees for potential project sites.
2. Site Screening – A 20-step process was employed to ensure project sites met the HMP
Monitoring Plan Criteria
3. Site Validation – Verification that a potential monitoring site meets the various selection criteria,
and site conditions are appropriate for long-term monitoring.
4. Obtain Legal Permissions – Permission for site access was sought for high potential monitoring
candidates from the very beginning of the selection process. The first step was to look into site
ownership and develop a strategy for pursuit.
5. Site Selected – Sites meeting the criteria above were selected for monitoring.
5
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The Copermittees contracted with ESA PWA to assist with the site selection and screening process,
conduct the geomorphic assessments, and channel surveys for each site. A Site Selection Memorandum
was prepared by ESA PWA, which provides a thorough description of the site selection process and the
successes and lessons learned since the inception of the project (Appendix A).
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3. CURRENT MONITORING PLAN IMPLEMENTATION
3.1

SUCCESSES OF MONITORING PLAN IMPLEMENTATION

The Copermittees are just beginning their third year of implementation of the current Monitoring Plan. As
previously mentioned, the Copermittees implemented a phased monitoring approach to gain knowledge in
successive steps, apply successful monitoring techniques, and allow for adaptation during the 5-year
project. The three phases of the monitoring approach are summarized in Figure 3-1 and Figure 3-2.
Phase I started in the FY 2011-2012 and was completed. Phase II started in the FY 2012-2013 and is ongoing. Currently the Copermittees have successfully monitored two full wet weather seasons and are
beginning their third wet weather season.
Phase I successfully focused on the selection of long-term monitoring sites, geomorphic assessments,
channel surveys, continuous sediment transport, and flow duration studies to provide direct measures of
HMP effectiveness. During Phase I, the Subworkgroup contracted with Weston Solutions, Inc. (Weston)
to develop and implement a pilot monitoring phase to comply with the data collection requirements
specified in the HMP. As no other in-situ monitoring studies had been conducted for this type of
monitoring to date, Weston conducted an extensive literature review of sediment transport monitoring
studies to develop a standardized methodology for sediment transport monitoring and data acquisition.
Sediment transport studies were performed during Phase I pilot monitoring to determine whether critical
shear stress is the appropriate parameter for selecting the lower flow threshold of the geomorphically
significant flow range as defined by the HMP. Field data was collected to determine the best monitoring
methodology for the project. After data analysis and review, the methodology was refined and was
incorporated into the QAPP for Phase II and Phase III of the project. Cross section and thalweg surveys
were performed to gather basic hydraulic measurements for the Low Flow Threshold Calculator (BMP
sizing tool) and to develop a baseline for changes in channel form over time.
Phase II included continuation of monitoring of the Phase I sites and includes baseline monitoring
downstream of the Development sites which have been secured. Two Development sites were monitored
during the 2012-2013 Wet Weather Season. One additional Development site is being monitored during
the 2013-2014 Wet Weather Season. Currently, nine total sites have been secured and monitored (two
Urban, four Reference, and three Development). Further description of the monitoring sites is provided in
the Site Selection Memorandum (Appendix A). In Phase II, annual cross section and thalweg surveys of
the channel were also taken to document any changes in channel form over time.
Phase III wet weather event monitoring will include the continued monitoring of the Phase I and Phase II
sites and monitoring of BMPs at the constructed development sites if they come on-line. The
Copermittees are currently waiting for BMPs, which meet the HMP criteria, to be built within the study
period. Cross section and thalweg surveys of the channel will be taken to document any changes in
channel form over time. Beyond the duration of this 5 year study, hydromodification monitoring will
continue at long-term mass loading stations once per permit term as required under the new MS4 Permit
(Order R9-2013-0001).
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Figure 3-1. Phased Monitoring Plan Implementation Timeline
(Phase III will start if BMPs are built during the study period)

Figure 3-2. Phased Monitoring Approach Summary

3.2

CHALLENGES WITH MONITORING PLAN IMPLEMENTATION

Certain recommendations of the original Monitoring Plan were a challenge for the Copermittees to
implement, most notably the monitoring site selection process (ESA PWA 2013b, Haines et al. 2012). As
detailed in the Site Selection Memorandum (Appendix A), over 300 monitoring site candidates were
identified and screened by the Copermittees and ESA PWA over the course of 2 ½ years. Of these
candidates, only nine sites met the site selection criteria and were secured for long-term monitoring. The
main factor that made it difficult to obtain the combination of sites recommended in the original plan was
the difficulty in finding a monitoring point where the upstream catchment did not have confounding
factors, such as existing development or agriculture, or a catchment that was disproportionately large
compared to the area of the future development, that would make it difficult to decipher the signal from
the noise. Due to constraints beyond the Copermittees’ control, the final composition of monitoring sites
was not as recommended in the original HMP Monitoring Plan. All Reference and Urban sites were
secured, but only 3 Development sites were selected and all three possessed a HIGH susceptibility rating.
The Development sites with a MEDIUM susceptibility rating could not be secured as recommended in the
original HMP Monitoring Plan. The Copermittees recommended stopping the site selection process since
monitoring at additional Development sites would not be able to generate adequate pre- and postdevelopment data without confounding factors during the remainder of the Monitoring Project.
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Another implementation challenge has been the relatively dry winters that the San Diego Region has
experienced since wet weather monitoring was initiated in February of 2012 (ESA PWA, 2013a and
Weston, 2012). The highest storm event rainfall total monitored to date (1.8 inches) did not produce
discharge within the Reference site receiving channels. As a result of the findings of no flow at several
sites, Weston utilized the U.S. Army Corps of Engineers (USACE) Hydrologic Engineering Center’s
Hydrologic Modeling System (HEC-HMS) Version 3.5 to determine estimated channel flow rates and
durations for various sized precipitation events to develop monitoring mobilization criteria for each site.
The data results are used in conjunction with antecedent moisture conditions to evaluate potential site
flow conditions based on National Weather Service (NWS) precipitation forecasts. Using the HEC-HMS
tool has proven useful in focusing monitoring resources to were flows are expected for a given storm size
and thereby, avoiding false starts at sites that would likely not flow. To date, the combination of rainfall
magnitude, duration, and frequency has not been adequate to saturate Reference site soils and generate
stream discharge. The Copermittees and consultant team also reviewed antecedent moisture calculations
to better understand soil saturation and runoff relationships. Additionally, site specific rain gauges were
installed to match local rainfall totals to runoff thresholds.
Although the Monitoring Plan recommends that flow duration studies for hydromodification mitigation
facilities should begin during the 2013-2014 wet weather season, those monitoring activities are not
presently possible due to land development schedules that are not controlled by the Copermittees.
Subsequent sections of this report discuss decoupling monitoring activities as a means of increasing the
likelihood that mitigation facility monitoring can be included within the timeframe of the Monitoring
Plan.
4. RE-EVALUATION PROCESS
As previously noted, the Copermittees coordinated with the SWRCB Staff during the development of the
HMP for advice on the original Monitoring Plan. Based on the input received, a clause was added to reevaluate the Monitoring Plan in 2013 using updated findings from the Statewide Hydromodification
Technical Advisory Group (TAG) and review of the final SCCWRP Framework for Developing
Hydromodification Monitoring Programs that was anticipated to be released in 2013 (SCCWRP, 2013).
The original intention for re-evaluation was adhered to as closely as possible, but there were two
modifications to the approach:
1. In 2012, the Copermittees learned that the Statewide Hydromodification TAG no longer had
plans to publish updated findings. Therefore, in coordination with Mr. Eric Berntsen who led
the SWRCB program on hydromodification, the Copermittees chose to assemble a TAC
specifically for this monitoring project.
2. The Copermittees expanded the literature review beyond the SCCWRP report to include
review of other hydromodification Monitoring Plans in the greater San Diego region so that
any new ideas from these plans could be considered.
The findings from the literature review did not directly influence the changes to the Monitoring Plan.
However, the findings were shared with the TAC with suggestions on how the information could
influence the changes, and then the input from the TAC was used to decide on the changes. Therefore, the
following sections will focus on summarizing the interaction with the TAC. The literature review is
summarized in Appendix B.
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4.1

FORMATION OF THE MONITORING TECHNICAL ADVISORY COMMITTEE (TAC)
& SUMMARY OF THE MEETINGS

A Monitoring TAC was formed in April of 2013 to provide expert opinion on the re-evaluation process,
and lend support for recommended revisions to the existing Monitoring Plan. The Monitoring TAC was
comprised of members from the SWRCB and RWQCB, SCCWRP, regional water quality monitoring
networks, consulting community, and academia. The Copermittees scheduled a series of meetings to
provide an update to the Monitoring TAC on the HMP and Monitoring Plan, gather input on the reevaluation process, and review associated documentation. Details of the two meetings held to date can be
found in Appendix C and Appendix D, respectively.
The first meeting of the Monitoring TAC was held on April 22, 2013 with goals to initiate, inform, and
engage the new committee. The meeting laid the ground rules for TAC involvement, and made careful
note that input from the TAC was considered advisory and final outcomes of the re-evaluation process
would be the responsibility of the Copermittees. The Copermittees and consultant team outlined
administrative components of the Monitoring Plan, the site selection process, and both dry- and wetweather monitoring elements. A review of initial monitoring data and supporting HMP research from San
Diego State University was also provided. The Monitoring TAC, Copermittees, and consultant team held
an informal discussion on the current monitoring approach, and potential modifications to the Monitoring
Plan.
The second meeting of the Monitoring TAC was held on July 30, 2013 and was focused on the review of
an internal document called the Monitoring Plan Update Proposal (MPUP). A presentation on the draft
MPUP was provided by ESA PWA, which documented the re-evaluation process, supporting
hydromodification monitoring research, and initial considerations for a Monitoring Plan update. Goals of
the second meeting were to discuss and provide examples of suggested updates, gather buy-in from the
TAC through a collaborative process, and generate comments for the final draft of the MPUP.
After the second TAC meeting, the Monitoring TAC and Copermittees were given a two-week comment
and review period for the draft MPUP. The comments and suggested revisions were incorporated into a
final MPUP that was submitted to the Copermittees on September 17, 2013. The Copermittees conducted
another comment and review period for the MPUP, and submitted a red-lined version of the document to
ESA PWA on October 9, 2013, the content of which was used to generate this Monitoring Plan Revision
Technical Report and subsequently to revise the existing Monitoring Plan. Final review of this document
was provided by the Copermittees and Monitoring TAC during November, 2013.
4.2

SUMMARY OF THE TAC REVIEW COMMENTS

The TAC members provided information rich input through meeting discussions and email discussions.
The information from the first meeting and related follow up discussions were distilled into a list of
Monitoring Plan revision options that were rated High, Medium or Low priority by each TAC member at
the second meeting. The option ratings from each member (for the recommended Monitoring Plan
revisions) were tallied and the average rating is shown in Table 4-1. Some of the members abstained
because of potential conflict of interest or other reasons, but six members submitted ratings. Each option
was also brought into discussion at the meeting and there were no strongly opposing opinions on any one
option.
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Table 4-1. Initial Option Ratings for Recommended Monitoring Plan Revisions from TAC Review.

Option

Description

TAC Rank

Average Rating

1

reduce event-based sampling

1

High

2

refine discharge with models

2

High

3

decouple BMPs

3

High

4

use remote sensing

4

Medium

6

add upstream cross-sections

5

Medium

8

refined screening tools

6

Medium

7

add qualitative sediment source assessment

7

Low

9

develop metadata templates

8

Low

5

include PHAB

9

Low

A description of each option and a summary of the typical rationale from the TAC discussions are
provided below.
Option 1 – Reduce event-based sampling at a given site once sufficient data has been obtained to develop
a valid relationship between sediment transport rate and flow rate. The wet-weather flow event sampling
represents a significant portion of costs due to the field labor and analytical costs. At two of the sites,
sufficient monitoring data has been collected to evaluate the amount of sediment transport that is
represented within the flow threshold range. The TAC generally supported performing less sampling upon
reaching this level of information at a site so that funds could be directed toward more useful data
collections.
Option 2 – Refine discharge with models. The event-based flow data was related to recurrence interval
using fairly simple regression equations. The TAC generally supported adding a more sophisticated
method for determining the 2-year recurrence interval flow value. The method for determining the
reference flow value should be more consistent with the method a developer would use when sizing the
BMPs. It may also allow for calibrating and validating the models used in practices so that in the future,
BMP sizing will be more accurate.
Option 3 – Decouple BMPs. Without this option the Copermittees would have to wait for construction of
a development project upstream of the monitoring point in order to collect data on mitigated flows. This
may not occur within the study time frame but by allowing monitoring of BMPs that are not coupled with
the stream monitoring, it greatly increases the chances that data can be obtained to support that part of the
study. The TAC supported this option.
Option 4 – Use remote sensing. Different remote sensing approaches where presented at the meeting
which could expand the ability to gather useful information for the study. Generally the TAC supported
this approach but it was also recognized that this method had some limitations such as the difficulty of
analyzing streams that have heavy vegetative cover and requires further method development.
Option 5 – Include collection of physical habitat (PHAB) data. This would incorporate a focus on the
biological response to hydromodification. While the TAC generally supported the value of linking HMP
effectiveness to biological response, it was believed that the current tools may not be particularly useful
for the types of streams that are being studied.
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Option 6 – Add upstream sections. This would increase the amount of data that could be analyzed for a
given study site by adding an upstream monitoring section. The TAC saw the benefit in looking at the
spatial variation within a stream location, but felt there could be physical constraints that would limit the
applicability of this approach, and it might not be a good cost-benefit tradeoff.
Option 7 – Add qualitative sediment source assessment. This would consider new language in the 2013
Permit (RWQCB Order R9-2013-0001) by assessing the importance that the role that sediment supply has
on preventing channel instability. The TAC generally saw this as challenging to add this new aspect
midway into the study and it would be difficult to gain meaningful results.
Option 8 – Refined screening tools. This would expand the study to include refining the rapid geomorphic
assessment tools that are used to determine the lower flow threshold. The TAC generally saw this as
challenging to add this new aspect midway into the study and be able to gain meaningful results.
Option 9 – Develop metadata templates. This would expand the study to include developing useful
templates for better data documentation for this and related studies. While the TAC saw value in having
these templates, they saw it as too far removed from the original goals of this study to make it a priority.
5. INITIAL CONSIDERATIONS FOR THE REVISED MONITORING PLAN
A variety of modifications to the Monitoring Plan were considered during the re-evaluation process.
These initial considerations were derived from the literature review (Appendix B) and input received
during the TAC meetings discussed in Section 4. Input from the TAC covered a wide-range of topics, and
identified both short-term and long-term monitoring elements that might prove useful for the revised
Monitoring Plan. The following narrative has been broken up into three sections associated with
administrative considerations, effectiveness assessment, and revised monitoring elements. A prioritized
list of considerations is provided at the end of this section.
5.1

ADMINISTRATIVE CONSIDERATIONS

The Copermittees have allocated extensive resources (well over 1,700 labor hours) in performing site
selection and implementing the Monitoring Plan to this point. The Copermittees have been doing their
best to make this project as successful as possible; however, site selection has taken 2 ½ years to find nine
sites that met the criteria for monitoring. The Copermittees have decided to allocate future resources to
focus on getting the most beneficial end result and best return on investment for the benefit of
hydromodification knowledge and is consistent with recommendations from the TAC.
As previously noted, over 300 potential monitoring locations have been screened as part of the site
selection process, many of them in great detail. The TAC agreed that the Copermittees have shown due
diligence in executing the Monitoring Plan as originally written, and recommended stopping the search,
setup, and sampling of additional monitoring stations. Additional monitoring locations would not yield
useful data during the remaining term of the Monitoring Plan.
The TAC suggested the use of a tiered monitoring approach as discussed in the SCCWRP Framework for
Developing Hydromodification Monitoring Programs to better utilize resources. The level of monitoring
can be adjusted based on the condition of the receiving channel. Such an approach allows for adaptive
management and resource re-allocation based on monitoring program needs.
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5.2

EFFECTIVENESS ASSESSMENT

The existing Monitoring Plan was developed prior to extensive testing and application of monitoring
methods tailored to headwater receiving channels, and did not foresee the nature and extent of constraints
that were encountered during the initial years of implementation. As such, an important set of
considerations are those that provide flexibility in resource allocation and alternatives for data collection
that will help answer existing questions regarding program effectiveness (Table 5-1). As discussed in
Section 2.1, the monitoring approach was developed to answer three management questions regarding
HMP assessment. Table 5.1 provides different considerations for each of the three management
questions.
Table 5-2. Effectiveness Questions on Current Plan and Future Enhancements.
Effectiveness question
Topic

Sediment Transport Analysis

Are BMPs matching flow
criteria?
Flow Duration Analysis

What is the effect on
receiving channels?
Channel Assessments

Compare estimated critical
flow rate for different channel
types against current ratings

Success to date

Performed sediment transport
and flow monitoring at 4 of 10
sites

No BMPs monitored to
date - scheduled for the
2013-2014 wet season

Roadblocks to
Success

Site selection criteria not met,
small storm events, no flow in
reference channels, access
agreements

Initial assessments at 19
sites, Cross-sectional
comparisons for 4 of 10
sites

Development timelines,
access agreements

Access agreements

Likely - Initial results support
susceptibility ratings

Unlikely - BMPs have not
been built, development
schedules are uncertain,
access agreements in
process

Likelihood to
meet
requirement with
current plan
Alternative
approach
Adaptive
management
plan

Collect in-stream flow and
sediment samples

Expand analytical approach, set
criteria to stop sampling, and
shift resources to other
activities
Example: Do current thresholds
capture at least 95% of the
workload for 6 storm events? If
yes, then stop and refocus
resources on less sampled sites

Decouple BMP monitoring

N/A

Geomorphic assessments
and annual channel surveys
Compare cross sections,
profiles, and characteristics

Unlikely - 5 years may not
be long enough to observe
significant degradation.
Development sites and
BMPs not built yet
Rely on remote sensing and
historical analysis to
reconstruct for similar
development sites
N/A

FUTURE
ENHANCEMENTS

Analysis

Continuous flow
measurements at BMP
outfalls
Compare pre- and postdevelopment flow duration
curves

Monitoring
activities

REVIEW OF CURRENT
PLAN

Existing plan
requirement

Are low flow thresholds
correct?

Current
Plan or
Future

The result of the effectiveness assessment of the current plan leads to specific modifications in the
Monitoring Plan. These changes were discussed and considered by the TAC. Future enhancements to the
plan are listed in Table 5.1 and Copermittees will implement these as appropriately. For example, a
relatively high number of storm events have been sampled to date at urban monitoring locations and
rating curves and critical flow thresholds for these channels are now well developed. As a result,
resources can be shifted from heavily sampled monitoring sites to those with relatively little in-stream
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data. Additional resources and budget will become available as monitoring sites meet adaptive
management criteria.
Continuous discharge sampling at mitigation facilities is scheduled for the 2013-2014 wet season,
although it is uncertain whether facilities will be in place prior to storm events. Sampling of mitigation
facilities will be decoupled from existing monitoring sites to facilitate design performance monitoring
during the course of the Monitoring Plan. Although decoupling will help ensure compliance with the
Monitoring Plan and provide valuable information, monitoring elements will remain coupled whenever
possible to maximize observations and measurements per site and provide a weight of evidence for
findings and inferences.
Site selection constraints and uncertain development schedules may limit the amount of post-project
monitoring that can be conducted during the course of the Monitoring Plan. Remote sensing of channel
measurements can help supplement information regarding channel degradation in the form of widening
and changes in planform downstream of new development sites. Remote sensing may also provide some
insight into the extent, timeframe, and trajectory of channel responses both contemporary and historic.
The Copermittees are exploring remote sensing techniques and if it is found that these ideas are feasible
to incorporate into this study, then relevant elements will be added to the monitoring plan at a later date.
5.3

MONITORING ELEMENTS

Considerations for revised elements of the HMP Monitoring Plan were focused on expanding geomorphic
assessments, refining discharge estimates, and the inclusion of biological monitoring elements.
Geomorphic assessments were suggested for channel reaches upstream of monitoring sites to facilitate
direct comparisons of the receiving channel upstream and downstream of stormwater inputs. Geomorphic
assessments for the Monitoring Plan rely heavily on the SCCWRP screening tools, which are in the early
stages of development. Extensive application of these tools used around the County of San Diego by the
Copermittees could provide insight into future tool revisions.
The TAC members also noted that sediment source evaluations could be incorporated into the Monitoring
Plan to better assess the pressures exerted on receiving channels. Variability in sediment production and
delivery from the watershed can lead to erosion and sedimentation of the receiving channel with or
without the influence of hydromodification. Such evaluations could be qualitative in nature, and scaled
according to the nature and extent of channel response to watershed events.
San Diego State University is currently conducting research for SCCWRP and the Copermittees that may
be used to supplement portions of the Monitoring Plan including remote sensing of channel dimensions,
and hydrologic modeling of headwater channels. Remote sensing methods will allow channels to be
monitored over time without the challenge of securing access agreements, and help document the nature
and extent of geomorphic response, however, riparian cover and the size of receiving channels will limit
their application (SDSU 2012).
Continuous simulation hydrologic models may be useful to help refine return interval discharges used for
mitigation facility design criteria. The accuracy of model estimates may be limited by differences in scale
and watershed setting between monitoring sites and stream gage records to be used for model calibration
(SDSU 2013). Data from ambient monitoring programs could be used as validation criteria for flow
monitoring sites or pre-monitoring input data for continuous simulation modeling. Gaging of headwater
channels would provide valuable information on the hydrologic response of relatively small watersheds to
precipitation events, and data from these gages could be used in the parameterization, validation, and
calibration of hydrologic models. The TAC suggested that Copermittees work with regional monitoring
networks to help develop and implement such a monitoring network.
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Members of the TAC voiced that a primary concern for hydromodification management is the protection
of beneficial uses. Many beneficial use categories for regulatory waterbodies are based on the quality and
quantity of aquatic and riparian habitats, which can be characterized using biological assessment
endpoints. While the current Monitoring Plan is focused on the physical condition of receiving channels
and the geomorphic processes responsible for the condition, it does not include response-level monitoring
elements. Many of the channels assessed as part of the site selection process are ephemeral, remain dry
for the majority of the year, and naturally contain little or no aquatic species making the application of
current bioassessment techniques problematic. Although there is a desire to incorporate bio-objectives
into the plan, regional guidance for dry channels will not be developed until 2015 (as noted by
SCCWRP). New tools need to be developed in order to include California Rapid Assessment Method
(CRAM) and PHAB methods into the Monitoring Plan (CWMW 2013, Ode 2007).
5.4

PRIORITIZED CONSIDERATIONS

After receiving all input from the TAC and performing the effectiveness assessment on the current
Monitoring Plan, the Copermittees considered all possible modifications to the Monitoring Plan and
prioritized these modifications. The potential modifications were compiled along with justification,
limitations, and the Copermittees’ priority ratings (Table 5-2). As previously described, adaptive
management is a critical element of the pathway to a successful and cost balanced monitoring program.
The primary purpose of the re-evaluation was to ensure that the most useful data would be collected to
ensure the Monitoring Plan study questions can be sufficiently answered. As previously noted in Section
4, input from the TAC was considered advisory and final outcomes of the re-evaluation process were the
responsibility of the Copermittees. While some recommendations are scientifically interesting, they may
not have been accepted as they were more applicable to research programs and not applicable to
compliance with the HMP.

15

San Diego Hydromodification Management Plan

Monitoring Plan Revision Technical Report

Table 5-2. Copermittee Final List of Potential Modifications, Justification, and Limitations.
Potential Modifications to
the Monitoring Plan
Reduce event-based sampling
once relationships between
discharge and sediment
transport data are well
developed for a monitoring site
Halt the site selection process
and continue monitoring with
the 9 existing monitoring sites

Do not conduct repeat
assessments at sites with no
recorded flow events from the
prior wet season
Use continuous simulation
modeling to refine return
interval discharge estimates
Setup long-term stream gages
on headwater channels
Conduct a retrospective
analysis of reference reaches

Justification for the modification
Resources can be redirected to other
monitoring elements. The number of data
points collected for a given site allows for
HMP questions to be addressed.
Allows Copermittees to focus resources on
sites that have already been established and
that are likely to generate useful data within
the permit lifecycle. Over 1,700 man hours
have been allocated to find the existing sites
with a 3% chance of finding a new site.
No significant channel changes would be
expected to occur during non-storm flows.
Unnecessary work is not performed and
monitoring resources can be focused on sites
that are generating the most useful data.
Repeat assessment could be conducted if
conditions warranted.
More accurate discharge estimates and design
criteria; greater consistency between return
interval metrics
Data is valuable for parameterization,
validation, and calibration of hydrologic
models
Will help quantify natural variability in
channel form and response across channel
types

Decouple BMP monitoring as
needed

Can collect performance monitoring data on
regionally employed BMPs, and helps address
HMP study questions

Use remote sensing to measure
the magnitude and extent of
channel change

Can support and/or supplement existing
channel surveys, and help meet compliance
with HMP

Qualitative observation of
sediment supply during annual
site assessments

May help with stressor and source
identification, and improve interpretation of
monitoring results

Annual assessment of
upstream cross-sections using
coarse measurements

May help with stressor and source
identification, and improve interpretation of
monitoring results

Adopt monitoring elements
that describe physical habitat
Refine screening tools based
on San Diego County field
conditions
Work with SCCWRP to
develop metadata templates for
hydromodification monitoring

More complete characterization of channel
state tied to beneficial uses
More accurate channel classification
Entities will be able to share and access
geomorphic and sediment load data
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Limitations to
Consider

Copermittee
Priority
Rating

None at this time

HIGH

None at this time

HIGH

Potential for natural
changes from wind,
fire, or biological
activity could occur.

HIGH

Models may not be
scalable to small
headwater channels
Additional long-term
costs for regional
monitoring networks
None at this time
Not as informative as
when coupled with
receiving channel
assessment and instream monitoring
Limited by resolution,
accuracy, and
frequency of aerial
imagery or topographic
data
Requires long-term site
knowledge and field
expertise
Most watershed
drainage may be
concentrated into the
downstream outfall
Current tools may not
be particularly useful
for the types of streams
being studied
May confound prior
design standards
assessment
Adaptive monitoring
activities may not be
included in templates

HIGH
HIGH
HIGH

HIGH

MED

MED

MED

LOW

LOW
LOW
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Potential Modifications to
the Monitoring Plan
Connect the HMP monitoring
with GIS analysis being
performed by others (i.e. pilot
work being done by Papantzin
Cid, GIS Assistant Analyst
formerly with the California
State Water Resources Control
Board)

Limitations to
Consider

Justification for the modification

May help connect the field data collection to
the watershed GIS analysis and lead to
identifying areas for future efforts

May not be possible
within project
timeframe.

Copermittee
Priority
Rating

LOW

6. CHANGES TO THE MONITORING PLAN
6.1

RECOMMENDATIONS FROM THE MONITORING TAC

During the re-evaluation process, the TAC discussed the need for short-term and long-term monitoring
elements to advance the science and management of hydromodification. Short-term monitoring elements
are best implemented at the Copermittee-level to ensure program effectiveness and compliance with
permit requirements, and thus are the focus of this document. Although important, long-term monitoring
elements require programmatic commitments beyond those of existing stormwater permit cycles and are
best left to regional and state-level monitoring networks (Stein and Bledsoe 2013). The Copermittees are
working with regional monitoring networks to guide the development of long-term monitoring elements,
but they are not responsible for administration of associated programs. As an example, the Copermittees
are currently participating in the Storm Water Monitoring Coalition’s (SMC) Regional Monitoring
Program. The SMC Regional Program is currently in the process of updating its 5-year Monitoring Plan
and is considering the addition of certain monitoring elements to address needed hydromodification data
gaps. The data collected for this Monitoring Project will help inform the hydromodification research
activities of the SMC.
The Monitoring TAC supported four recommendations for updates to the Monitoring Plan based on shortterm monitoring elements. These recommendations can be implemented during the remainder of the
Monitoring Plan, and will help the Copermittees balance limited resources and draw stronger conclusions
regarding program effectiveness at the end of the monitoring program.
1. Halt the site selection process and continue monitoring with the 9 existing monitoring sites.
Monitoring at additional monitoring locations will not provide post-development data within the
timeframe of the Monitoring Plan.
2. Reduce event-based sampling once relationships between discharge and sediment transport data
are well developed for a monitoring site, and additional data points are not needed to define the
critical flow event. This action supports adaptive management, and re-allocation of resources
where management questions are not being answered.
3. Refine return-interval discharge estimates, since these are a critical component for defining
critical flow and assessing performance of hydromodification mitigation facilities. Targeted
continuous simulation hydrologic modeling will reduce uncertainty regarding discharge estimates
(SDSU, 2013).
4. Adopt a tiered monitoring approach for as-needed monitoring activities. Certain monitoring
elements such as geomorphic assessment and channel surveys are only relevant when channel
forming flow events have occurred during the prior wet-season. Tiered monitoring allows for
adaptive management and resource re-allocation (Stein and Bledsoe 2013).
5. Decouple BMP monitoring allows for monitoring of BMPs that are not coupled with the stream
monitoring and increases the chances that this data can be obtained.
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6.2

LIST OF CHANGES

Recommendations from the Monitoring TAC were approved by the Copermittees and translated into a
red-lined markup of the HMP Chapter 8 – Monitoring Plan (submitted separately from this document).
The markup also included changes in language to reflect the current monitoring approach. Key changes to
the plan are outlined below using section headers as reference points.
Section 8.1 – Introduction




Question 3 - Changed the language to focus on channel stability instead of “cross section incision
and widening”. A stable channel does not experience long-term erosion or deposition of channel
materials. This change acknowledges sediment deposition, which may lead to a smaller crosssection and steeper channel gradient.
Updated the technical experts section to reflect more recent input.

Section 8.2 – Technical Concepts




Sediment Transport Studies – Updated much of the language to include both continuous and
event-based sediment sampling. Brief descriptions of sediment transport monitoring activities
have been included.
Flow Duration Curves – Added language to describe the process for evaluating pre- and postdevelopment flow duration curves.
Channel Incision and Widening – As noted above, language has been changed to channel stability
to recognize the role of sediment deposition in channel evolution.

Section 8.3 – Recommended Approaches to Assess Effectiveness



Made note that the number of monitoring sites was lowered below those recommended due to
lack of available sites meeting the criteria for monitoring and due to time and budget constraints.
Sediment Transport and Flow Duration Studies – Updated to reflect the use of point
measurements in addition to continuous measurements.

Section 8.4 – Summary and Conclusions



6.3

Baseline Monitoring Plan – Added hydrologic studies to verify the use of HSPF for small
watersheds. These studies are needed to refine discharge estimates used to define low flow
thresholds and mitigation design criteria.
Channel Assessments – Added remote sensing of channel dimensions and sediment sources to
support conclusions on channel instability.
Sediment Transport Analysis – Added event-based monitoring language.
IMPLEMENTATION SCHEDULE

Most of the changes outlined above are refinements to the document language, and current monitoring
activities have already been adapted to reflect the overall monitoring approach. Additional monitoring
elements such as hydrologic modeling studies and remote sensing are currently being investigated by San
Diego State University on behalf of the Copermittees and if it is found that these methods can be
incorporated into this 5-year study then relevant elements will be incorporated at a later date. The
Monitoring Plan changes will have no impact on the original schedule for delivering the final report in
2016.
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7. SUMMARY AND CONCLUSIONS
The forethought of the original authors of the San Diego HMP to include a clause for re-evaluating the
Monitoring Plan in the year 2013 in coordination with SWRCB and SCCWRP has benefited the study in
the following ways:




Elements of the original study design that were found to be impracticable based on the experience
gained during the first two years of implementing the plan will be adjusted without impacting the
integrity of the study.
Recent developments in methods for collecting and analyzing hydrologic and physical channel
responses will be incorporated into the study.
Input from experts in this specialized field was collected in an organized manner through
formation of the Monitoring TAC.

Initial considerations for the revised Monitoring Plan were informed by the literature review and input
generated from a series of meetings and review/comment periods with the TAC. Several short-term and
long-term monitoring elements were prioritized, evaluated, and considered for incorporation based on the
justifications and limitations of each element.
Final recommendations for the revised Monitoring Plan have been reviewed and approved by the
Copermittees. The plan is adaptive by allowing the Copermittees to shift resources to appropriate
monitoring activities once management triggers are encountered, and to decouple monitoring activities
based on the tradeoff between benefits and limitations. Expanding the study methods to include site
hydrology and remote sensing will allow the study team to perform a more meaningful analysis of HMP
effectiveness given the limitations on the data that can be collected within the 5-year study timeframe and
with many confounding variables that could not be eliminated even after an exhaustive search for highly
suitable study sites.
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Appendix A
Site Selection Memo

Otay Village Development Site
prepared by Brian Haines, 2012-09-28
Site Overview

Description: The map above shows the lower reach of a tributary draining from the southwest flank of the Jamul
Mountains into Lower Otay Reservoir. The monitoring site of interest is located west of Otay Lakes Road,
approximately 150 feet downstream of the culvert underneath the road. A large pullout/parking area is located
a couple feet north of the culvert on the east side of the road. According to the tentative map for the Otay
Village development, the selected monitoring site will receive drainage from a large portion of the development.
Two large detention basins will discharge into the culvert and into the receiving channel making this an ideal site
for monitoring the potential effects of hydromodification.

Selected Cross Section
Site: DH-1, Otay Village
Latitude: 32.642169
Site Type: Development Site

Reach ID: OTV1
Longitude: -116.925112
Susceptibility Rating: MEDIUM

Downstream

Upstream

Left Bank
Right Bank
Notes: The selected cross section has been flagged with orange tape and GPS coordinates have been
collected by ESA PWA and the County. The monitoring site can be easily accessed by walking down the
receiving channel. The site is centered between two floodplain mounds making lateral movements of
this site unlikely. Cross section monuments should be spaced far away and high enough to capture
potential floodplain deposition. The top width of this channel is small, 4 feet, so an appropriate
longitudinal profile should extend approximately 80-100 feet across the monumented cross section, or
40-50 feet upstream and downstream of the site.

Field notes for OTV1

Bear Valley Reference Site
prepared by Brian Haines, 2013-09-18
Site Overview

Description: The map above shows the location of the Bear Valley Parkway development monitoring site. The
selected monitoring site is located within East Valley, a small community east of Escondido, near the
intersection of Bear Valley Parkway and Idaho Avenue. Bear Valley Parkway is being expanded as part of a
County of San Diego road improvement project. The channel adjacent to the placemark will receive runoff from
hydromodification BMPs that will be constructed as part of the development project. The monitoring site was
selected since it is a unique type of development project relative to typical subdivision developments, and
located on County-owned property. The monitoring site can be easily accessed from the County-owned parcel
located directly south of the monitoring site. A pull-out is located on the west side of the County property
adjacent to Bear Valley Parkway (this will likely go away during the road expansion).

Selected Cross Section
Site: DH-2, Bear Valley Parkway
Latitude: 33.116049
Site Type: Reference Backup

Reach ID: BVP1
Longitude: -117.049343
Susceptibility Rating: HIGH

Downstream

Upstream

Left Bank
Right Bank
Notes: The selected cross section has been flagged with orange tape and GPS coordinates have been
collected by ESA PWA. Cross section monuments should be spaced far enough to capture potential
channel widening. The top width of this channel is relatively small, 8.5 feet, so an appropriate
longitudinal profile should extend approximately 170 feet across the monumented cross section, or 8090 feet upstream and downstream of the site.

Field notes for BVP1

MDS Development Site
prepared by Brian Haines, 2013-03-28
Site Overview

Description: The map above shows the drainage plan of the MDS development and the selected monitoring
location. The monitoring site is located on a private parcel to the south of development, and access has been
approved by the landowner (please follow up with the County). The site can be accessed from Lapis Lane north
of Ramona. LID and vegetated swales are planned for the site, and runoff from the eastern half of development
would enter the eastern receiving channel and drain to this point (labeled POC 4 on the drainage plan). It
appears that additional developments may be planned or in-process further upstream of the MDS development,
making this an ideal hydromodification monitoring location. This site was selected due to a HIGH overall
susceptibility rating, an approved access agreement, and quick access via Lapis Lane.

Selected Cross Section
Site: DH-3, MDS Development
Latitude: 33.081737
Site Type: Development Site

Reach ID: MDS C2 XS4 (Canyon 2 Cross-section 4)
Longitude: -116.840887
Susceptibility Rating: HIGH

Downstream

Upstream

Left Bank
Right Bank
Notes: The monitoring site is located along a relatively straight stretch of channel that has incised into a
grassy swale. The reach downstream is very depositional due to small culvert under an unnamed road.
Excess deposition could clog the culvert and create backwater and localized flooding during sizable
storm events. The site was not flagged, because we only had temporary access to the site during the
assessment. GPS coordinates can be used to obtain the approximate location, and field photos should
isolate the area of interest. A one-foot hole was dug in the channel bottom to test for depth of alluvium,
and should indicate the assessment location (if no major storm events have occurred since assessment).

Survey monuments should be located at least 20 feet past the channel banks (if feasible) so that repeat
surveys may capture deposition or widening of the channel. Top width of the channel is 4 feet, so the
longitudinal profile should extend ~100 feet in total (50 feet in the upstream and downstream direction)
and follow the thalweg of the channel. Please make sure the surveys monuments are triangulated and
field notes are provided to ensure that the cross-section can be reoccupied if fence posts are survey
caps are vandalized or damaged (QAPP, page 16).
Field Notes for MDS C2 XS4

Ramona Reference Site
prepared by Brian Haines, 2012Site Overview

Description: The map above shows a small headwater tributary draining towards Santa Maria Creek (to the
right). This monitoring site is located on the Ramona Grasslands Preserve, a recreational site owned by the
County of San Diego. The site can be access via the trailhead located on Highland Valley Road. The County WPP
has the gate key to the dirt road providing access to the site (1 mile from the trailhead). The grassland is grazed
by cattle and this should be considered when determining the location of site monuments, benchmarks, and
continuous sampling equipment. Assessment sites near the road crossing were removed from consideration due
to potential confounding effects on channel evolution (e.g. road maintenance). Greg Carlton of the WPP assisted
with the field assessments.

Selected Cross Section
Site: RH-1, Ramona Grasslands
Latitude: 33.045941
Site Type: Reference

Reach ID: RAM3
Longitude: -116.951772
Susceptibility Rating: HIGH

Downstream

Upstream

Left Bank
Right Bank
Notes: This site is located ~100-150 feet downstream of a natural grade control made of large blocks of
decomposing granite. A small knick point is located 5 feet upstream of the cross section. The channel
bed is comprised of a sandy loam with small root reinforcement. Channel banks are also sandy loam
with root reinforcement. Intermittent granite can be found along the banks of this reach. The GPS
coordinates are relatively coarse, but site photos can be used to narrow in on the appropriate cross
section. Cross section monuments should be located at least 15 feet away from the channel banks to
accommodate potential widening (unlikely, but a safeguard). Top width of the channel is 14 feet, so the
longitudinal profile should extend ~280 feet or 140 upstream and downstream of the cross section.

Field notes for RAM3

Schoolhouse Canyon Reference Site
prepared by Brian Haines, 2012-09-26
Site Overview

Description: The map above shows the lower reach of Schoolhouse Canyon Creek. The selected monitoring site
is located within the Sycamore Canyon – the lower part is owned by the County, the upper is City of San Diego.
The site can be accessed via Academy Road located south of San Pasqual Valley Road. Parking is evident
although some closer spaces may be accessible toward the southern end of the academy buildings. This canyon
was burnt by the Witch Fire of 2007, and the channel is still reacting to excess sediment supply and runoff from
the watershed. This site was selected due to a HIGH overall susceptibility rating, public ownership of land, and
quick access via San Pasqual Valley Road. Prior field visits to the site have shown that dredging of channel has
occurred ~ 700 feet downstream of the selected monitoring site. Excess sediment loads and channel
maintenance are potential concerns for site stability.

Selected Cross Section
Site: RH-2, Schoolhouse Canyon
Latitude: 33.084383
Site Type: Reference Backup

Reach ID: SHC1
Longitude: -116.945121
Susceptibility Rating: HIGH

Downstream

Upstream

Left Bank
Right Bank
Notes: The monitoring site is located ~ 750 upstream of culvert and sediment basin located the southern
end of San Pasqual Valley Road. Much of the lower reach is heavily aggraded, although multiple cycles of
incision and widening have occurred more recently (evidenced by unconsolidated deposition and
multiple terraces near active headcuts). Although the site may not have been flagged during site the
assessment, the GPS coordinates and site photos can be used to obtain the appropriate location. Cross
section monuments should be located near the toe of valley walls, although care should be taken to
note their exact location (in case of debris/landslides that could cover them). Top width of the upper

floodplain terrace channel is 20 feet, so the longitudinal profile should extend ~400 feet or 200
upstream and downstream of the cross section.

Field notes for SHC1

Deer Valley Reference Site
prepared by Brian Haines, 2013-09-18
Site Overview

Description: The map above shows the general location of the Deer Valley reference monitoring site. The site is
located north of Arroyos Del Mar, south of the Ted Williams Freeway. The site can be accessed from a utility
road off of the north end of Del Vino Court. Visitors to the site should park along the roundabout, and walk
down the utility road to the canyon. This site was selected, because it is a perfect reference for canyons within
the San Diego region that are typically surrounded with mesa-top development. The site is on County-owned
public land (a popular mountain biking area), with very little potential for development.

Selected Cross Section
Site: RM-1, Deer Valley
Latitude: 32.950708
Site Type: Reference

Reach ID: DVA1
Longitude: -117.177005
Susceptibility Rating: MEDIUM

Downstream

Upstream

Left Bank
Notes:

Right Bank

NO NOTES

Field notes for DVA1 (shown as DVA2, but actually DVA1)

Sycamore Reference Site
prepared by Brian Haines, 2012-09-26
Site Overview

Description: The map above shows an upper reach of Sycamore Canyon Creek. The monitoring site of interest is
located within the Sycamore Canyon Open Space, which is owned by the County of San Diego. The site can be
accessed by the north gate on Sycamore Canyon Road. A small dirt road traverse the canyon floor ~ 0.8 miles
down the road from the gate. The dirt road heads southeast and is intersected by another dirt road that travels
up the primary fork of Sycamore Creek (access paths are shown with red arrows on the map). A small turn
around provides a nice place to park field vehicles during site setup and wet weather sampling events. The site
was selected over other areas, because it is located upstream of in-channel basins, check dams, and other
hydraulic modifications. The site is still reacting to sediment loads induced by the Cedar Fire of 2003, but this is a
baseline condition for many ephemeral channels in the San Diego Region.

Selected Cross Section
Site: RM-2, Sycamore Canyon
Latitude: 32.932797
Site Type: Reference Backup

Reach ID: SYC4
Longitude: -116.974589
Susceptibility Rating: MEDIUM

Downstream

Upstream

Left Bank

Right Bank

Notes: The monitoring site is located ~ 225 feet downstream of a small tributary input from the south.
Much of the channel upstream and downstream of this site is heavily aggraded with fine bed material.
The site of interest is has undergone prior aggradation as well, but has more recently flushed much of
this sediment and is approaching a new state of dynamic equilibrium. This site was selected because of
the reach is comprised of coarser cobble-sized bed material that has been observed in many other
canyons throughout the open space. The site has been flagged with orange tape and GPS coordinates

can be used to obtain the approximate location. Site photos should help pinpoint the cross section of
interest. Cross section monuments should be located at least 25 feet past the channel banks so that
cross section surveys may capture deposition/widening events. Top width of a recent floodplain terrace
channel is 22 feet, so the longitudinal profile should extend ~440 feet or 220 upstream and downstream
of the cross section.

Field notes for SYC4

Saratoga Urban Site
prepared by Brian Haines, 2013-09-18
Site Overview

Description: The map above shows the general location of the Saratoga urban monitoring site. The site is located
on the south side of Escondido near the L R Green Elementary School approximately 1400 feet upstream of Las
Palmas Avenue. This site was selected, because it is an excellent case study of the detrimental effects of unmitigated urban runoff on receiving channels. Upstream of the monitoring site the receiving channel is
approximately 40 feet wide and 20 feet deep. The monitoring location itself is unstable, exhibiting scour and fill
of the channel bed along the reach, and bank erosion along more confined reaches of the channel.

Selected Cross Section
Site: UH-1, Saratoga
Latitude: 33.088538
Site Type: Urban

Reach ID: SAR2
Longitude: -117.063585
Susceptibility Rating: HIGH

Downstream

Upstream

Right Bank

Left Bank
Notes:

NO NOTES

Field notes for SAR2

Flanders Reference Site
prepared by Brian Haines, 2013-09-18
Site Overview

Description: The map above shows the Flanders Canyon urban monitoring site. The selected site is located in
Mira Mesa just west of Camino Santa Fe. The site can be accessed from an access road off of Camino Santa Fe
and adjacent to Miratech Drive. This site was selected by ESA PWA, because of prior knowledge of the site from
work with the City of San Diego on the Los Penasquitos Watershed. The site is somewhat stable, although other
portions of the canyon are very unstable due to excess runoff from a nearly 40% impervious upper watershed.

Selected Cross Section
Site: UM-1, Flanders Canyon
Latitude: 32.898611
Site Type: Urban

Reach ID: FLA2
Longitude: -117.174232
Susceptibility Rating: MED

Downstream

Upstream

Left Bank
Right Bank
Notes: The monitoring site is located ~ 1400 ft downstream of culvert for Camino Santa Fe.

Field notes for FLA2

user: bhaines@esassoc.com
latitude (decimal degrees):

BVP1 - Bear Valley Parkway on County Property

stream:
33.1149

longitude (decimal degrees): -117.0493

Form 1 – Desktop Analysis
FORM 1: INITIAL DESKTOP ANALYSIS
GIS metrics and screening indices (for detailed instructions/examples see 'Field Screening Companion Document')
Symbol

Variable

units

Value

Description & Source

A

Drainage Area

mi2

0.3

P

Mean annual
precipitation

inches

15.7

area-weighted annual precipitation via USGS delineated polygons using records from 1900 to 1960 (which
was more significant in hydrologic models than polygons delineated from shorter record lengths)

Sv

Valley slope

m/m

0.03

valley slope at site via NED, measured over a relatively homogeneous valley segment as indicated b y slope,
hillslope coupling/confinement, valley alignment, confluences, etc., over a distance of up to ~500 meters or
10% of the main-channel length (whatever is smaller)

Wv

Valley width

meters

15

valley bottom width at site b etween natural valley walls as dictated b y clear b reaks in hillslope on NED raster,
irrespective of potential armoring from floodplain encroachement, levees, etc. (imprecise measurements have
negligib le effect on rating in wide valleys where VWI >>2, as defined in lateral decision tree)

Q10cf s

10-year peak
flow, US units

ft 3/s

53

Q10

10-year peak
flow

m3/s

1.51

Q10 = 0.0283 * Q10cfs

INDEX

10-year mobility
index

m1.5/s 0.5

0.037

INDEX = Sv * Q10 0.5

W ref

Reference width

meters

8.36

Wref = 6.99 * Q10 0.438

VWI

Valley width
index

m/m

1.79

VWI = Wv / Wref

contributing drainage area to screening location via pub lished HUCs and/or 30-m (or b etter) National
Elevation Data (NED), USGS seamless server

Q10cfs = 18.2 * A 0.87 * P 0.77 (Hawley and Bledsoe, In review)

Form 2 – Vertical Susceptibility
FORM 2: VERTICAL SUSCEPTIBILITY
Bed material primary state
State

Description

"X" appropriate box

Next Step(s) and/or Vertical Rating

sand-dominated gravels
Labile

Intermediate

Coarse/ Armored

d50 < 16 mm
cobbles & gravels
16 < d50 < 128 mm
hardpan/uncertain
boulders & large cobbles
d50 > 128 mm
bedrock/concrete

X

assess current CEM state, grade control, and incision risk

Labile Bed with:
Degree of Incision:

CEM State

Grade Control

Incision past critical bank height

CEM III or IV

N/A

Probability of Incising/braiding
(go to Form 3)

"X" appropriate box

Vertical Rating

x

HIGH

N/A

Little/no incision

CEM I or II

absent, or
failing, or
spaced > 50 m

- AND -

≥ 50%

Little/no incision

CEM I or II

spaced ≤ 50 m

- OR -

< 50%

>50%

Form 3 – Pebble Count & Mobility Index Threshold
FORM 3: PEBBLE COUNT & MOBILITY INDEX THRESHOLD
Pebble Count
Count

Station

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53

0
1
2
3
4
5
6
7
8
9
9
8
7
6
5
4
3
2
1
0
0
1
2
3
4
5
6
7
8
9
9
8
7
6
5
4
3
2
1
0
0
1
2
3
4
5
6
7
8
9
9
8
7

…

d (mm)
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

If it is necessary to estimate d50, perform a pebble count using a minimum of
100 particles with a standard phi template or by measuring along the
intermediate axis of each pebble. Use a grid and tape for
systematic/complete transects across riffle sections (i.e. if the 100th particle is
in the middle of a transect, complete the full transect before stopping the
count). If fines (sand/silt) are less than ½-inch thick (~ one finger width) at
point of sample, it is appropriate to sample the coarser buried substrate;
otherwise record an observation of fines (i.e. ≤ 2 mm, recorded in
spreadsheet as 2 mm). Tak e photographs to support the results.

total particles
100

d50 (mm)
2

mobility index
mobility index
corresponding to
SvQ10 0.5
50% risk for d50
(m 1.5/s0.5)
0.0368
0.022

%sand
100%
Incision/
Braiding
Risk
>50%

Pebble count data in the table on the left are example data for
illustrative purposes only. You must replace these data with
actual pebble count data from your field site. Once populated
the pebble count results will be used to automatically populate
fields on Form 2 and Form 4.

Form 4 – Lateral Susceptibility
FORM 4: LATERAL SUSCEPTIBILITY
Primary Lateral States

Lateral Rating

Description

"X" appropriate box

Combination of State &
Risk Factors

x

MEDIUM

Mass wasting or fluvial erosion/braiding existing and extensive

Poorly consolidated or unconsolidate with fine/nonresistant toe material

Poorly consolidated or unconsolidated with coarse/resistant toe material

Consolidated, stratification absent or not contributing to failure

Fully armored bedrock/engineered reinforcement or fully confined by hillslope

Lateral Risk Factors
Risk Factor

Value

Critical Value for Lateral Risk

VWI

1.79

1 to 2

HIGH
Vertical
Rating

LOW

≥HIGH
<HIGH

Mass wasting risk in moderately- to well-consolidated banks

Height

(m)

IF poorly or
unconsolidated,
"N/A"
0.4

Angle

(degrees)

48

height for
10% MW risk
@ angle
1.72

<10%

POC Output

Form 1 – Desktop Analysis
FORM 1: INITIAL DESKTOP ANALYSIS
GIS metrics and screening indices (for detailed instructions/examples see ' Field Screening Companion Document' )
Symbol

Variable

units

Value

Description & Source

A

Drainage Area

mi2

0.1

P

Mean annual
precipitation

inches

12.4

area-weighted annual precipitation via USGS delineated polygons using records from 1900 to 1960 (which
was more significant in hydrologic models than polygons delineated from shorter record lengths)

Sv

Valley slope

m/m

0.068

valley slope at site via NED, measured over a relatively homogeneous valley segment as indicated b y slope,
hillslope coupling/confinement, valley alignment, confluences, etc., over a distance of up to ~500 meters or
10% of the main-channel length (whatever is smaller)

Wv

Valley width

meters

2

valley bottom width at site b etween natural valley walls as dictated b y clear b reaks in hillslope on NED raster,
irrespective of potential armoring from floodplain encroachement, levees, etc. (imprecise measurements have
negligib le effect on rating in wide valleys where VWI >>2, as defined in lateral decision tree)

Q10cf s

10-year peak
flow, US units

ft3/s

17

Q10

10-year peak
flow

m3/s

0.48

INDEX

10-year mobility
index

m1.5/s 0.5

0.047

W ref

Reference width

meters

5.08

Wref = 6.99 * Q10 0.438

VWI

Valley width
index

m/m

0.39

VWI = Wv / Wref

contributing drainage area to screening location via pub lished HUCs and/or 30-m (or b etter) National
Elevation Data (NED), USGS seamless server

Q10cfs = 18.2 * A 0.87 * P 0.77 (Hawley and Bledsoe, In review)

Q10 = 0.0283 * Q10cfs

INDEX = Sv * Q10

0.5

Form 2 – Vertical Susceptibility
FORM 2: VERTICAL SUSCEPTIBILITY
Bed material primary state
State

Description

"X" appropriate box

Next Step(s) and/or Vertical Rating

sand-dominated gravels
Labile

Intermediate

Coarse/ Armored

d50 < 16 mm
cobbles & gravels
16 < d50 < 128 mm
hardpan/uncertain
boulders & large cobbles
d50 > 128 mm
bedrock/concrete

x

examine risk factors of 1) armoring potential, 2) grade control, and 3) incision risk

Intermediate Bed with:
Checklist 1

Armoring Potential

Armor Score
A

Description

"X" appropriate box

coarse gravels & cobbles
tightly packed
< 5% surface sand
Intermediate to A & C
OR Hardpan
OR Unknown
gravels with few cobbles
loosely packed, OR
> 25% surface sand

x

Checklist 2
Grade Control
Grade Control
"X" appropriate box
Description
Score
spaced < 50 m or 2/Sv
no bank failure/ incision
effective & serviceable
Intermediate to A & C
spaced 2/Sv to 4/Sv
potential failure evidence
spaced > 100 m or 4/Sv
C
clear failure, undercutting
x
clearly ineffective
Checklist 3
Incision Risk (dependent on Form 3)
Incision/braiding
"X" if hardpan,
Incision Risk
Score
otherwise go to Form 3
A

< 50% probability

hardpan/d50 indeterminate

≥ 50% probability

Vertical Rating for 'Intermediate Bed'
Risk Factor Geometric Scoring Scheme
3

Armor
Potential
Grade
Control

Screening
Index score
Vertical
Rating

9

3

< 4.5 = LOW
3.9 4.5 to 7 = MED
> 7 = HIGH

LOW

X

Form 3 – Pebble Count & Mobility Index Threshold
FORM 3: PEBBLE COUNT & MOBILITY INDEX THRESHOLD
Pebble Count
Count
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

Station
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

d (mm)
1
29
95
1
1
1
5
1
17
25
1
50
47
7
37
29
50
26
84
40
27
20
17
71
41
43
16
25
17
7
1
24
1
35
34
19
31
25
31
32

If it is necessary to estimate d50, perform a pebble count using a minimum of
100 particles with a standard phi template or by measuring along the
intermediate axis of each pebble. Use a grid and tape for
systematic/complete transects across riffle sections (i.e. if the 100th particle is
in the middle of a transect, complete the full transect before stopping the
count). If fines (sand/silt) are less than ½-inch thick (~ one finger width) at
point of sample, it is appropriate to sample the coarser buried substrate;
otherwise record an observation of fines (i.e. ≤ 2 mm, recorded in
spreadsheet as 2 mm). Tak e photographs to support the results.

total particles
100

d50 (mm)
25

%sand
0%

mobility index
SvQ10 0.5

mobility index
corresponding to
50% risk for d50
0.062

Incision/
Braiding
Risk

(m 1.5/s0.5)
0.0473

<50%

Pebble count data in the table on the left are example data for
illustrative purposes only. You must replace these data with
actual pebble count data from your field site. Once populated
the pebble count results will be used to automatically populate
fields on Form 2 and Form 4.

Form 4 – Lateral Susceptibility
FORM 4: LATERAL SUSCEPTIBILITY
Primary Lateral States

Lateral Rating

Description

"X" appropriate box

Combination of State &
Risk Factors

x

MEDIUM

Mass wasting or fluvial erosion/braiding existing and extensive

Poorly consolidated or unconsolidate with fine/nonresistant toe material

Poorly consolidated or unconsolidated with coarse/resistant toe material

Consolidated, stratification absent or not contributing to failure

Fully armored bedrock/engineered reinforcement or fully confined by hillslope

Lateral Risk Factors
Risk Factor

Value

VWI

0.39

Vertical
Rating

LOW

Critical Value for Lateral Risk

~1

<HIGH

Mass wasting risk in moderately- to well-consolidated banks

Height

(m)

IF poorly or
unconsolidated,
"N/A"
0.8

Angle

(degrees)

45

height for
10% MW risk
@ angle
2.11

<10%

POC Output

user: name@emailaddress.com
latitude (decimal degrees):

FLA2

stream:

32.8986

longitude (decimal degrees): -117.1742

Form 1 – Desktop Analysis
FORM 1: INITIAL DESKTOP ANALYSIS
GIS metrics and screening indices (for detailed instructions/examples see 'Field Screening Companion Document')
Symbol

Variable

units

Value

Description & Source

A

Drainage Area

mi2

1.9

P

Mean annual
precipitation

inches

12.5

area-weighted annual precipitation via USGS delineated polygons using records from 1900 to 1960 (which
was more significant in hydrologic models than polygons delineated from shorter record lengths)

Sv

Valley slope

m/m

0.019

valley slope at site via NED, measured over a relatively homogeneous valley segment as indicated b y slope,
hillslope coupling/confinement, valley alignment, confluences, etc., over a distance of up to ~500 meters or
10% of the main-channel length (whatever is smaller)

Wv

Valley width

meters

120

valley bottom width at site b etween natural valley walls as dictated b y clear b reaks in hillslope on NED raster,
irrespective of potential armoring from floodplain encroachement, levees, etc. (imprecise measurements have
negligib le effect on rating in wide valleys where VWI >>2, as defined in lateral decision tree)

Q10cf s

10-year peak
flow, US units

ft 3/s

222

Q10

10-year peak
flow

m3/s

6.29

Q10 = 0.0283 * Q10cfs

INDEX

10-year mobility
index

m1.5/s 0.5

0.048

INDEX = Sv * Q10 0.5

W ref

Reference width

meters

15.65

Wref = 6.99 * Q10 0.438

VWI

Valley width
index

m/m

7.67

contributing drainage area to screening location via pub lished HUCs and/or 30-m (or b etter) National
Elevation Data (NED), USGS seamless server

Q10cfs = 18.2 * A 0.87 * P 0.77 (Hawley and Bledsoe, In review)

VWI = Wv / Wref

Form 2 – Vertical Susceptibility
FORM 2: VERTICAL SUSCEPTIBILITY
Bed material primary state
State

Description

"X" appropriate box

Next Step(s) and/or Vertical Rating

sand-dominated gravels
Labile

Intermediate

Coarse/ Armored

d50 < 16 mm
cobbles & gravels
16 < d50 < 128 mm
hardpan/uncertain
boulders & large cobbles
d50 > 128 mm
bedrock/concrete

X

examine risk factors of 1) armoring potential, 2) grade control, and 3) incision risk

Intermediate Bed with:
Checklist 1

Armoring Potential

Armor Score

B

Description

"X" appropriate box

coarse gravels & cobbles
tightly packed
< 5% surface sand
Intermediate to A & C
OR Hardpan
OR Unknown
gravels with few cobbles
loosely packed, OR
> 25% surface sand

x

Grade Control
Checklist 2
Grade Control
"X" appropriate box
Description
Score
spaced < 50 m or 2/Sv
no bank failure/ incision
effective & serviceable
Intermediate to A & C
spaced 2/Sv to 4/Sv
potential failure evidence
spaced > 100 m or 4/Sv
C
clear failure, undercutting
X
clearly ineffective
Incision Risk (dependent on Form 3)
Checklist 3
Incision/braiding
"X" if hardpan,
Incision Risk
Score
otherwise go to Form 3
A

< 50% probability

hardpan/d50 indeterminate

≥ 50% probability

Vertical Rating for 'Intermediate Bed'
Risk Factor Geometric Scoring Scheme
Armor
Potential
Grade
Control

Screening
Index score
Vertical
Rating

6

9

3

< 4.5 = LOW
4.7 4.5 to 7 = MED MEDIUM
> 7 = HIGH

X

Form 3 – Pebble Count & Mobility Index Threshold
FORM 3: PEBBLE COUNT & MOBILITY INDEX THRESHOLD
Pebble Count
Count
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

Station

d (mm)
1
2
3
4
1
2
3
4
1
2
3
4
5
6
1
2
1
2
3
1
2
3
4
5
6
1
2
3
4
5
6
7
8
9
1
2
3
4
5
6

2
2
2
2
2
2
2
2
2
2
2
2
2
2
3
3
4.85
4.85
4.85
6.85
6.85
6.85
6.85
6.85
6.85
9.65
9.65
9.65
9.65
9.65
9.65
9.65
9.65
9.65
13.65
13.65
13.65
13.65
13.65
13.65

If it is necessary to estimate d50, perform a pebble count using a minimum of
100 particles with a standard phi template or by measuring along the
intermediate axis of each pebble. Use a grid and tape for
systematic/complete transects across riffle sections (i.e. if the 100th particle is
in the middle of a transect, complete the full transect before stopping the
count). If fines (sand/silt) are less than ½-inch thick (~ one finger width) at
point of sample, it is appropriate to sample the coarser buried substrate;
otherwise record an observation of fines (i.e. ≤ 2 mm, recorded in
spreadsheet as 2 mm). Tak e photographs to support the results.

total particles
140

d50 (mm)
19.3

mobility index
mobility index
corresponding to
SvQ10 0.5
50% risk for d50
(m 1.5/s0.5)
0.0477
0.054

%sand
10%
Incision/
Braiding
Risk
<50%

Pebble count data in the table on the left are example data for
illustrative purposes only. You must replace these data with
actual pebble count data from your field site. Once populated
the pebble count results will be used to automatically populate
fields on Form 2 and Form 4.

Form 4 – Lateral Susceptibility
FORM 4: LATERAL SUSCEPTIBILITY
Primary Lateral States

Lateral Rating

Description

"X" appropriate box

Combination of State &
Risk Factors

x

MEDIUM

Mass wasting or fluvial erosion/braiding existing and extensive

Poorly consolidated or unconsolidate with fine/nonresistant toe material

Poorly consolidated or unconsolidated with coarse/resistant toe material

Consolidated, stratification absent or not contributing to failure

Fully armored bedrock/engineered reinforcement or fully confined by hillslope

Lateral Risk Factors
Risk Factor

Value

VWI

7.67

Vertical
Rating
MEDIUM

Critical Value for Lateral Risk
>2

<HIGH

Mass wasting risk in moderately- to well-consolidated banks

Height

(m)

IF poorly or
unconsolidated,
"N/A"
3.1

Angle

(degrees)

55

height for
10% MW risk
@ angle
1.12
>10%

POC Output

user: bhaines@esassoc.com
latitude (decimal degrees):

stream:

MDS development site - eastern tributary (tributary to Santa Maria) - Ramona, CA

33.0818

longitude (decimal degrees): -116.8409

Form 1 – Desktop Analysis
FORM 1: INITIAL DESKTOP ANALYSIS
GIS metrics and screening indices (for detailed instructions/examples see 'Field Screening Companion Document')
Symbol

Variable

units

Value

Description & Source

A

Drainage Area

mi2

0.2

P

Mean annual
precipitation

inches

18.8

area-weighted annual precipitation via USGS delineated polygons using records from 1900 to 1960 (which
was more significant in hydrologic models than polygons delineated from shorter record lengths)

Sv

Valley slope

m/m

0.06

valley slope at site via NED, measured over a relatively homogeneous valley segment as indicated b y slope,
hillslope coupling/confinement, valley alignment, confluences, etc., over a distance of up to ~500 meters or
10% of the main-channel length (whatever is smaller)

Wv

Valley width

meters

9

valley bottom width at site b etween natural valley walls as dictated b y clear b reaks in hillslope on NED raster,
irrespective of potential armoring from floodplain encroachement, levees, etc. (imprecise measurements have
negligib le effect on rating in wide valleys where VWI >>2, as defined in lateral decision tree)

Q10cf s

10-year peak
flow, US units

ft 3/s

43

Q10

10-year peak
flow

m3/s

1.22

Q10 = 0.0283 * Q10cfs

INDEX

10-year mobility
index

m1.5/s 0.5

0.066

INDEX = Sv * Q10 0.5

W ref

Reference width

meters

7.61

Wref = 6.99 * Q10 0.438

VWI

Valley width
index

m/m

1.18

VWI = Wv / Wref

contributing drainage area to screening location via pub lished HUCs and/or 30-m (or b etter) National
Elevation Data (NED), USGS seamless server

Q10cfs = 18.2 * A 0.87 * P 0.77 (Hawley and Bledsoe, In review)

Form 2 – Vertical Susceptibility
FORM 2: VERTICAL SUSCEPTIBILITY
Bed material primary state
State

Description

Labile

d50 < 16 mm

"X" appropriate box

Next Step(s) and/or Vertical Rating

sand-dominated gravels

Intermediate

Coarse/ Armored

x

assess current CEM state, grade control, and incision risk

cobbles & gravels
16 < d50 < 128 mm
hardpan/uncertain
boulders & large cobbles
d50 > 128 mm
bedrock/concrete

Labile Bed with:
Degree of Incision:

CEM State

Grade Control

Incision past critical bank height

CEM III or IV

N/A

Probability of Incising/braiding
(go to Form 3)

"X" appropriate box

Vertical Rating

x

VERY HIGH

N/A

Little/no incision

CEM I or II

absent, or
failing, or
spaced > 50 m

- AND -

≥ 50%

Little/no incision

CEM I or II

spaced ≤ 50 m

- OR -

< 50%

>50%

Form 3 – Pebble Count & Mobility Index Threshold
FORM 3: PEBBLE COUNT & MOBILITY INDEX THRESHOLD
Pebble Count
Count

Station

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

d (mm)
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

…

If it is necessary to estimate d50, perform a pebble count using a minimum of
100 particles with a standard phi template or by measuring along the
intermediate axis of each pebble. Use a grid and tape for
systematic/complete transects across riffle sections (i.e. if the 100th particle is
in the middle of a transect, complete the full transect before stopping the
count). If fines (sand/silt) are less than ½-inch thick (~ one finger width) at
point of sample, it is appropriate to sample the coarser buried substrate;
otherwise record an observation of fines (i.e. ≤ 2 mm, recorded in
spreadsheet as 2 mm). Tak e photographs to support the results.

total particles
100

d50 (mm)
2

mobility index
mobility index
corresponding to
SvQ10 0.5
50% risk for d50
(m 1.5/s0.5)
0.0662
0.022

%sand
100%
Incision/
Braiding
Risk
>50%

Pebble count data in the table on the left are example data for
illustrative purposes only. You must replace these data with
actual pebble count data from your field site. Once populated
the pebble count results will be used to automatically populate
fields on Form 2 and Form 4.

Form 4 – Lateral Susceptibility
FORM 4: LATERAL SUSCEPTIBILITY
Primary Lateral States

Lateral Rating

Description

"X" appropriate box

Combination of State &
Risk Factors

x

HIGH

Mass wasting or fluvial erosion/braiding existing and extensive

Poorly consolidated or unconsolidate with fine/nonresistant toe material

Poorly consolidated or unconsolidated with coarse/resistant toe material

Consolidated, stratification absent or not contributing to failure

Fully armored bedrock/engineered reinforcement or fully confined by hillslope

Lateral Risk Factors
Risk Factor

Value

Critical Value for Lateral Risk

VWI

1.18

1 to 2

VERY HIGH

Vertical
Rating

LOW

≥HIGH
<HIGH

Mass wasting risk in moderately- to well-consolidated banks

Height

(m)

IF poorly or
unconsolidated,
"N/A"
0.5

Angle

(degrees)

90

height for
10% MW risk
@ angle
0.24
>10%

POC Output

user: bhaines@esassoc.com
latitude (decimal degrees):

Otay Village - OTV1

stream:
32.6422

longitude (decimal degrees): -116.9251

Form 1 – Desktop Analysis
FORM 1: INITIAL DESKTOP ANALYSIS
GIS metrics and screening indices (for detailed instructions/examples see 'Field Screening Companion Document')
Symbol

Variable

units

Value

Description & Source

A

Drainage Area

mi2

0.6

contributing drainage area to screening location via pub lished HUCs and/or 30-m (or b etter) National
Elevation Data (NED), USGS seamless server

P

Mean annual
precipitation

inches

14

area-weighted annual precipitation via USGS delineated polygons using records from 1900 to 1960 (which
was more significant in hydrologic models than polygons delineated from shorter record lengths)

Sv

Valley slope

m/m

0.05

valley slope at site via NED, measured over a relatively homogeneous valley segment as indicated b y slope,
hillslope coupling/confinement, valley alignment, confluences, etc., over a distance of up to ~500 meters or
10% of the main-channel length (whatever is smaller)

Wv

Valley width

meters

9

valley bottom width at site b etween natural valley walls as dictated b y clear b reaks in hillslope on NED raster,
irrespective of potential armoring from floodplain encroachement, levees, etc. (imprecise measurements have
negligib le effect on rating in wide valleys where VWI >>2, as defined in lateral decision tree)

Q10cf s

10-year peak
flow, US units

ft 3/s

89

Q10

10-year peak
flow

m3/s

2.52

Q10 = 0.0283 * Q10cfs

INDEX

10-year mobility
index

m1.5/s 0.5

0.079

INDEX = Sv * Q10 0.5

W ref

Reference width

meters

10.48

Wref = 6.99 * Q10 0.438

VWI

Valley width
index

m/m

0.86

Q10cfs = 18.2 * A 0.87 * P 0.77 (Hawley and Bledsoe, In review)

VWI = Wv / Wref

Form 2 – Vertical Susceptibility
FORM 2: VERTICAL SUSCEPTIBILITY
Bed material primary state
State

Description

"X" appropriate box

Next Step(s) and/or Vertical Rating

sand-dominated gravels
Labile

Intermediate

Coarse/ Armored

d50 < 16 mm
cobbles & gravels
16 < d50 < 128 mm
hardpan/uncertain
boulders & large cobbles
d50 > 128 mm
bedrock/concrete

x

examine risk factors of 1) armoring potential, 2) grade control, and 3) incision risk

Intermediate Bed with:
Checklist 1

Armoring Potential

Armor Score

B

Description

"X" appropriate box

coarse gravels & cobbles
tightly packed
< 5% surface sand
Intermediate to A & C
OR Hardpan
OR Unknown
gravels with few cobbles
loosely packed, OR
> 25% surface sand

x

Grade Control
Checklist 2
Grade Control
"X" appropriate box
Description
Score
spaced < 50 m or 2/Sv
no bank failure/ incision
effective & serviceable
Intermediate to A & C
B
spaced 2/Sv to 4/Sv
x
potential failure evidence
spaced > 100 m or 4/Sv
clear failure, undercutting
clearly ineffective
Incision Risk (dependent on Form 3)
Checklist 3
Incision/braiding
"X" if hardpan,
Incision Risk
Score
otherwise go to Form 3
< 50% probability

hardpan/d50 indeterminate

C

≥ 50% probability

Vertical Rating for 'Intermediate Bed'
Risk Factor Geometric Scoring Scheme
Armor
Potential

6

Grade
Control

6

Screening
Index score
Vertical
Rating

9

< 4.5 = LOW
7.3 4.5 to 7 = MED
> 7 = HIGH

HIGH

X

Form 3 – Pebble Count & Mobility Index Threshold
FORM 3: PEBBLE COUNT & MOBILITY INDEX THRESHOLD
Pebble Count
Count

Station

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

d (mm)
2
2
2
2
2
2
2
8
8
2
128
128
90
4
2
2
2
2
16
256
22.6
256
256
2
2
2
256
2
2
45
4
2
256
256
32
128
2
2
90
2

…

If it is necessary to estimate d50, perform a pebble count using a minimum of
100 particles with a standard phi template or by measuring along the
intermediate axis of each pebble. Use a grid and tape for
systematic/complete transects across riffle sections (i.e. if the 100th particle is
in the middle of a transect, complete the full transect before stopping the
count). If fines (sand/silt) are less than ½-inch thick (~ one finger width) at
point of sample, it is appropriate to sample the coarser buried substrate;
otherwise record an observation of fines (i.e. ≤ 2 mm, recorded in
spreadsheet as 2 mm). Tak e photographs to support the results.

total particles
100

d50 (mm)
38.5

mobility index
mobility index
corresponding to
SvQ10 0.5
50% risk for d50
(m 1.5/s0.5)
0.0794
0.077

%sand
34%
Incision/
Braiding
Risk
>50%

Pebble count data in the table on the left are example data for
illustrative purposes only. You must replace these data with
actual pebble count data from your field site. Once populated
the pebble count results will be used to automatically populate
fields on Form 2 and Form 4.

Form 4 – Lateral Susceptibility
FORM 4: LATERAL SUSCEPTIBILITY
Primary Lateral States

Lateral Rating

Description

"X" appropriate box

Combination of State &
Risk Factors

x

MEDIUM

Mass wasting or fluvial erosion/braiding existing and extensive

Poorly consolidated or unconsolidate with fine/nonresistant toe material

Poorly consolidated or unconsolidated with coarse/resistant toe material

Consolidated, stratification absent or not contributing to failure

Fully armored bedrock/engineered reinforcement or fully confined by hillslope

Lateral Risk Factors
Risk Factor

Value

VWI

0.86

Vertical
Rating

Critical Value for Lateral Risk

~1

≥HIGH

HIGH
Mass wasting risk in moderately- to well-consolidated banks

Height

(m)

IF poorly or
unconsolidated,
"N/A"
1.5

Angle

(degrees)

90

height for
10% MW risk
@ angle
0.24
>10%

POC Output

user: bhaines@esassoc.com
latitude (decimal degrees):

stream:

RAM3, Ramona - "Genius Creek"

33.0459

longitude (decimal degrees): -116.9518

Form 1 – Desktop Analysis
FORM 1: INITIAL DESKTOP ANALYSIS
GIS metrics and screening indices (for detailed instructions/examples see 'Field Screening Companion Document')
Symbol

Variable

units

Value

Description & Source

A

Drainage Area

mi2

0.11

contributing drainage area to screening location via pub lished HUCs and/or 30-m (or b etter) National
Elevation Data (NED), USGS seamless server

P

Mean annual
precipitation

inches

17.3

area-weighted annual precipitation via USGS delineated polygons using records from 1900 to 1960 (which
was more significant in hydrologic models than polygons delineated from shorter record lengths)

Sv

Valley slope

m/m

0.005

valley slope at site via NED, measured over a relatively homogeneous valley segment as indicated b y slope,
hillslope coupling/confinement, valley alignment, confluences, etc., over a distance of up to ~500 meters or
10% of the main-channel length (whatever is smaller)

Wv

Valley width

meters

40

valley bottom width at site b etween natural valley walls as dictated b y clear b reaks in hillslope on NED raster,
irrespective of potential armoring from floodplain encroachement, levees, etc. (imprecise measurements have
negligib le effect on rating in wide valleys where VWI >>2, as defined in lateral decision tree)

Q10cf s

10-year peak
flow, US units

ft 3/s

24

Q10

10-year peak
flow

m3/s

0.68

Q10 = 0.0283 * Q10cfs

INDEX

10-year mobility
index

m1.5/s 0.5

0.004

INDEX = Sv * Q10 0.5

W ref

Reference width

meters

5.90

Wref = 6.99 * Q10 0.438

VWI

Valley width
index

m/m

6.78

VWI = Wv / Wref

Q10cfs = 18.2 * A 0.87 * P 0.77 (Hawley and Bledsoe, In review)

Form 2 – Vertical Susceptibility
FORM 2: VERTICAL SUSCEPTIBILITY
Bed material primary state
State

Description

"X" appropriate box

Next Step(s) and/or Vertical Rating

sand-dominated gravels
Labile

Intermediate

Coarse/ Armored

d50 < 16 mm

X

assess current CEM state, grade control, and incision risk

cobbles & gravels
16 < d50 < 128 mm
hardpan/uncertain
boulders & large cobbles
d50 > 128 mm
bedrock/concrete

Labile Bed with:
Degree of Incision:

CEM State

Grade Control

Incision past critical bank height

CEM III or IV

N/A

Probability of Incising/braiding
(go to Form 3)

"X" appropriate box

Vertical Rating

x

HIGH

N/A

Little/no incision

CEM I or II

absent, or
failing, or
spaced > 50 m

- AND -

≥ 50%

Little/no incision

CEM I or II

spaced ≤ 50 m

- OR -

< 50%

<50%

Form 3 – Pebble Count & Mobility Index Threshold
FORM 3: PEBBLE COUNT & MOBILITY INDEX THRESHOLD
Pebble Count
Count

Station

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41

0
1
2
3
4
5
6
7
8
9
9
8
7
6
5
4
3
2
1
0
0
1
2
3
4
5
6
7
8
9
9
8
7
6
5
4
3
2
1
0
0

…

d (mm)
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

If it is necessary to estimate d50, perform a pebble count using a minimum of
100 particles with a standard phi template or by measuring along the
intermediate axis of each pebble. Use a grid and tape for
systematic/complete transects across riffle sections (i.e. if the 100th particle is
in the middle of a transect, complete the full transect before stopping the
count). If fines (sand/silt) are less than ½-inch thick (~ one finger width) at
point of sample, it is appropriate to sample the coarser buried substrate;
otherwise record an observation of fines (i.e. ≤ 2 mm, recorded in
spreadsheet as 2 mm). Tak e photographs to support the results.

total particles
100

d50 (mm)
2

mobility index
mobility index
corresponding to
SvQ10 0.5
50% risk for d50
(m 1.5/s0.5)
0.0041
0.022

%sand
100%
Incision/
Braiding
Risk
<50%

Pebble count data in the table on the left are example data for
illustrative purposes only. You must replace these data with
actual pebble count data from your field site. Once populated
the pebble count results will be used to automatically populate
fields on Form 2 and Form 4.

Form 4 – Lateral Susceptibility
FORM 4: LATERAL SUSCEPTIBILITY
Primary Lateral States

Lateral Rating

Description

"X" appropriate box

Combination of State &
Risk Factors

x

VERY HIGH

Mass wasting or fluvial erosion/braiding existing and extensive

Poorly consolidated or unconsolidate with fine/nonresistant toe material

Poorly consolidated or unconsolidated with coarse/resistant toe material

Consolidated, stratification absent or not contributing to failure

Fully armored bedrock/engineered reinforcement or fully confined by hillslope

Lateral Risk Factors
Risk Factor

Value

VWI

6.78

Critical Value for Lateral Risk
>2

HIGH
Vertical
Rating

LOW

≥HIGH
<HIGH

Mass wasting risk in moderately- to well-consolidated banks

Height

(m)

IF poorly or
unconsolidated,
"N/A"
1.4

Angle

(degrees)

70

height for
10% MW risk
@ angle
0.52
>10%

POC Output

user: bhaines@esassoc.com
latitude (decimal degrees):

stream:

Saratoga - SAR2

33.0885

longitude (decimal degrees): -117.0636

Form 1 – Desktop Analysis
FORM 1: INITIAL DESKTOP ANALYSIS
GIS metrics and screening indices (for detailed instructions/examples see ' Field Screening Companion Document' )
Symbol

Variable

units

Value

Description & Source

A

Drainage Area

mi2

0.8

P

Mean annual
precipitation

inches

15.6

area-weighted annual precipitation via USGS delineated polygons using records from 1900 to 1960 (which
was more significant in hydrologic models than polygons delineated from shorter record lengths)

Sv

Valley slope

m/m

0.027

valley slope at site via NED, measured over a relatively homogeneous valley segment as indicated b y slope,
hillslope coupling/confinement, valley alignment, confluences, etc., over a distance of up to ~500 meters or
10% of the main-channel length (whatever is smaller)

Wv

Valley width

meters

35

valley bottom width at site b etween natural valley walls as dictated b y clear b reaks in hillslope on NED raster,
irrespective of potential armoring from floodplain encroachement, levees, etc. (imprecise measurements have
negligib le effect on rating in wide valleys where VWI >>2, as defined in lateral decision tree)

Q10cf s

10-year peak
flow, US units

ft3/s

124

Q10

10-year peak
flow

m3/s

3.52

INDEX

10-year mobility
index

m1.5/s 0.5

0.051

INDEX = Sv * Q10

W ref

Reference width

meters

12.13

Wref = 6.99 * Q10 0.438

VWI

Valley width
index

m/m

2.89

contributing drainage area to screening location via pub lished HUCs and/or 30-m (or b etter) National
Elevation Data (NED), USGS seamless server

Q10cfs = 18.2 * A 0.87 * P 0.77 (Hawley and Bledsoe, In review)

Q10 = 0.0283 * Q10cfs

VWI = Wv / Wref

0.5

Form 2 – Vertical Susceptibility
FORM 2: VERTICAL SUSCEPTIBILITY
Bed material primary state
State

Description

"X" appropriate box

Next Step(s) and/or Vertical Rating

sand-dominated gravels
Labile

Intermediate

Coarse/ Armored

x

d50 < 16 mm

assess current CEM state, grade control, and incision risk

cobbles & gravels
16 < d50 < 128 mm
hardpan/uncertain
boulders & large cobbles
d50 > 128 mm
bedrock/concrete

Labile Bed with:
Degree of Incision:

CEM State

Grade Control

Incision past critical bank height

CEM III or IV

N/A

Probability of Incising/braiding
(go to Form 3)
N/A

Little/no incision

CEM I or II

absent, or
failing, or
spaced > 50 m

- AND -

≥ 50%

Little/no incision

CEM I or II

spaced ≤ 50 m

- OR -

< 50%

>50%

"X" appropriate box

Vertical Rating

x

VERY HIGH

Form 3 – Pebble Count & Mobility Index Threshold
FORM 3: PEBBLE COUNT & MOBILITY INDEX THRESHOLD
Pebble Count
Count
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

Station
0
1
2
3
4
5
6
7
8
9
9
8
7
6
5
4
3
2
1
0
0
1
2
3
4
5
6
7
8
9
9
8
7
6
5
4
3
2
1
0

d (mm)
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

If it is necessary to estimate d50, perform a pebble count using a minimum of
100 particles with a standard phi template or by measuring along the
intermediate axis of each pebble. Use a grid and tape for
systematic/complete transects across riffle sections (i.e. if the 100th particle is
in the middle of a transect, complete the full transect before stopping the
count). If fines (sand/silt) are less than ½-inch thick (~ one finger width) at
point of sample, it is appropriate to sample the coarser buried substrate;
otherwise record an observation of fines (i.e. ≤ 2 mm, recorded in
spreadsheet as 2 mm). Tak e photographs to support the results.

total particles
100

d50 (mm)
2

%sand
100%

mobility index
SvQ10 0.5

mobility index
corresponding to
50% risk for d50
0.022

Incision/
Braiding
Risk
>50%

(m 1.5/s0.5)
0.0506

Pebble count data in the table on the left are example data for
illustrative purposes only. You must replace these data with
actual pebble count data from your field site. Once populated
the pebble count results will be used to automatically populate
fields on Form 2 and Form 4.

Form 4 – Lateral Susceptibility
FORM 4: LATERAL SUSCEPTIBILITY
Primary Lateral States

Lateral Rating

Description

"X" appropriate box

Combination of State &
Risk Factors

x

VERY HIGH

Mass wasting or fluvial erosion/braiding existing and extensive

Poorly consolidated or unconsolidate with fine/nonresistant toe material

Poorly consolidated or unconsolidated with coarse/resistant toe material

Consolidated, stratification absent or not contributing to failure

Fully armored bedrock/engineered reinforcement or fully confined by hillslope

Lateral Risk Factors
Risk Factor

Value

VWI

2.89

Vertical
Rating

VERY HIGH
LOW

Critical Value for Lateral Risk
>2

≥HIGH
<HIGH

Mass wasting risk in moderately- to well-consolidated banks

Height

(m)

IF poorly or
unconsolidated,
"N/A"
1.8

Angle

(degrees)

50

height for
10% MW risk
@ angle
1.51
>10%

POC Output

user: bhaines@esassoc.com
latitude (decimal degrees):

stream:

SHC1 - Schoolhouse Canyon near Academy Rd.

33.0842

longitude (decimal degrees): -116.9452

Form 1 – Desktop Analysis
FORM 1: INITIAL DESKTOP ANALYSIS
GIS metrics and screening indices (for detailed instructions/examples see 'Field Screening Companion Document')
Symbol

Variable

units

Value

Description & Source

A

Drainage Area

mi2

0.8

P

Mean annual
precipitation

inches

16.8

area-weighted annual precipitation via USGS delineated polygons using records from 1900 to 1960 (which
was more significant in hydrologic models than polygons delineated from shorter record lengths)

Sv

Valley slope

m/m

0.05

valley slope at site via NED, measured over a relatively homogeneous valley segment as indicated b y slope,
hillslope coupling/confinement, valley alignment, confluences, etc., over a distance of up to ~500 meters or
10% of the main-channel length (whatever is smaller)

Wv

Valley width

meters

35

valley bottom width at site b etween natural valley walls as dictated b y clear b reaks in hillslope on NED raster,
irrespective of potential armoring from floodplain encroachement, levees, etc. (imprecise measurements have
negligib le effect on rating in wide valleys where VWI >>2, as defined in lateral decision tree)

Q10cf s

10-year peak
flow, US units

ft 3/s

132

Q10

10-year peak
flow

m3/s

3.72

Q10 = 0.0283 * Q10cfs

INDEX

10-year mobility
index

m1.5/s 0.5

0.096

INDEX = Sv * Q10 0.5

W ref

Reference width

meters

12.43

Wref = 6.99 * Q10 0.438

VWI

Valley width
index

m/m

2.81

contributing drainage area to screening location via pub lished HUCs and/or 30-m (or b etter) National
Elevation Data (NED), USGS seamless server

Q10cfs = 18.2 * A 0.87 * P 0.77 (Hawley and Bledsoe, In review)

VWI = Wv / Wref

Form 2 – Vertical Susceptibility
FORM 2: VERTICAL SUSCEPTIBILITY
Bed material primary state
State

Description

Labile

d50 < 16 mm

"X" appropriate box

Next Step(s) and/or Vertical Rating

sand-dominated gravels

Intermediate

Coarse/ Armored

X

assess current CEM state, grade control, and incision risk

cobbles & gravels
16 < d50 < 128 mm
hardpan/uncertain
boulders & large cobbles
d50 > 128 mm
bedrock/concrete

Labile Bed with:
Degree of Incision:

CEM State

Grade Control

Incision past critical bank height

CEM III or IV

N/A

Probability of Incising/braiding
(go to Form 3)
N/A

Little/no incision

CEM I or II

absent, or
failing, or
spaced > 50 m

- AND -

≥ 50%

Little/no incision

CEM I or II

spaced ≤ 50 m

- OR -

< 50%

>50%

"X" appropriate box

Vertical Rating

x

VERY HIGH

Form 3 – Pebble Count & Mobility Index Threshold
FORM 3: PEBBLE COUNT & MOBILITY INDEX THRESHOLD
Pebble Count
Count
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

Station

d (mm)
2
8
11.3
2
256
5.7
2
2
90
362
90
22.6
90
128
2
4
5.7
4
5.7
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

If it is necessary to estimate d50, perform a pebble count using a minimum of
100 particles with a standard phi template or by measuring along the
intermediate axis of each pebble. Use a grid and tape for
systematic/complete transects across riffle sections (i.e. if the 100th particle is
in the middle of a transect, complete the full transect before stopping the
count). If fines (sand/silt) are less than ½-inch thick (~ one finger width) at
point of sample, it is appropriate to sample the coarser buried substrate;
otherwise record an observation of fines (i.e. ≤ 2 mm, recorded in
spreadsheet as 2 mm). Tak e photographs to support the results.

total particles
100

d50 (mm)
2

mobility index
mobility index
corresponding to
SvQ10 0.5
50% risk for d50
(m 1.5/s0.5)
0.0965
0.022

%sand
54%
Incision/
Braiding
Risk
>50%

Pebble count data in the table on the left are example data for
illustrative purposes only. You must replace these data with
actual pebble count data from your field site. Once populated
the pebble count results will be used to automatically populate
fields on Form 2 and Form 4.

Form 4 – Lateral Susceptibility
FORM 4: LATERAL SUSCEPTIBILITY
Primary Lateral States

Lateral Rating

Description

"X" appropriate box

Combination of State &
Risk Factors

x

VERY HIGH

Mass wasting or fluvial erosion/braiding existing and extensive

Poorly consolidated or unconsolidate with fine/nonresistant toe material

Poorly consolidated or unconsolidated with coarse/resistant toe material

Consolidated, stratification absent or not contributing to failure

Fully armored bedrock/engineered reinforcement or fully confined by hillslope

Lateral Risk Factors
Risk Factor

Value

VWI

2.81

Vertical
Rating

VERY HIGH
LOW

Critical Value for Lateral Risk
>2

≥HIGH
<HIGH

Mass wasting risk in moderately- to well-consolidated banks

Height

(m)

IF poorly or
unconsolidated,
"N/A"
0.9

Angle

(degrees)

45

height for
10% MW risk
@ angle
2.11

<10%

POC Output

user: bhaines@esassoc.com
latitude (decimal degrees):

Sycamore Canyon - SYC3, revised by BEH on 2012-08-28

stream:
32.9282

longitude (decimal degrees): -116.9818

Form 1 – Desktop Analysis
FORM 1: INITIAL DESKTOP ANALYSIS
GIS metrics and screening indices (for detailed instructions/examples see 'Field Screening Companion Document')
Symbol

Variable

units

Value

Description & Source

A

Drainage Area

mi2

0.97

contributing drainage area to screening location via pub lished HUCs and/or 30-m (or b etter) National
Elevation Data (NED), USGS seamless server

P

Mean annual
precipitation

inches

16.7

area-weighted annual precipitation via USGS delineated polygons using records from 1900 to 1960 (which
was more significant in hydrologic models than polygons delineated from shorter record lengths)

Sv

Valley slope

m/m

0.04

valley slope at site via NED, measured over a relatively homogeneous valley segment as indicated b y slope,
hillslope coupling/confinement, valley alignment, confluences, etc., over a distance of up to ~500 meters or
10% of the main-channel length (whatever is smaller)

Wv

Valley width

meters

16

valley bottom width at site b etween natural valley walls as dictated b y clear b reaks in hillslope on NED raster,
irrespective of potential armoring from floodplain encroachement, levees, etc. (imprecise measurements have
negligib le effect on rating in wide valleys where VWI >>2, as defined in lateral decision tree)

Q10cf s

10-year peak
flow, US units

ft 3/s

155

Q10

10-year peak
flow

m3/s

4.38

Q10 = 0.0283 * Q10cfs

INDEX

10-year mobility
index

m1.5/s 0.5

0.084

INDEX = Sv * Q10 0.5

W ref

Reference width

meters

13.35

Wref = 6.99 * Q10 0.438

VWI

Valley width
index

m/m

1.20

Q10cfs = 18.2 * A 0.87 * P 0.77 (Hawley and Bledsoe, In review)

VWI = Wv / Wref

Form 2 – Vertical Susceptibility
FORM 2: VERTICAL SUSCEPTIBILITY
Bed material primary state
State

Description

"X" appropriate box

Next Step(s) and/or Vertical Rating

sand-dominated gravels
Labile

Intermediate

Coarse/ Armored

d50 < 16 mm
cobbles & gravels
16 < d50 < 128 mm
hardpan/uncertain
boulders & large cobbles
d50 > 128 mm
bedrock/concrete

x

examine risk factors of 1) armoring potential, 2) grade control, and 3) incision risk

Intermediate Bed with:
Checklist 1

Armoring Potential

Armor Score

B

Description

"X" appropriate box

coarse gravels & cobbles
tightly packed
< 5% surface sand
Intermediate to A & C
OR Hardpan
OR Unknown
gravels with few cobbles
loosely packed, OR
> 25% surface sand

x

Grade Control
Checklist 2
Grade Control
"X" appropriate box
Description
Score
spaced < 50 m or 2/Sv
no bank failure/ incision
effective & serviceable
Intermediate to A & C
spaced 2/Sv to 4/Sv
potential failure evidence
spaced > 100 m or 4/Sv
C
clear failure, undercutting
x
clearly ineffective
Incision Risk (dependent on Form 3)
Checklist 3
Incision/braiding
"X" if hardpan,
Incision Risk
Score
otherwise go to Form 3
A

< 50% probability

hardpan/d50 indeterminate

≥ 50% probability

Vertical Rating for 'Intermediate Bed'
Risk Factor Geometric Scoring Scheme
Armor
Potential
Grade
Control

Screening
Index score
Vertical
Rating

6

9

3

< 4.5 = LOW
4.7 4.5 to 7 = MED MEDIUM
> 7 = HIGH

X

Form 3 – Pebble Count & Mobility Index Threshold
FORM 3: PEBBLE COUNT & MOBILITY INDEX THRESHOLD
Pebble Count
Count
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

Station

d (mm)
45
2
90
2
2
2
64
45
64
2
90
2
2
32
2
128
45
2
64
64
45
90
256
32
2
2
90
90
32
2
128
90
45
90
64
128
128
128
128
45

If it is necessary to estimate d50, perform a pebble count using a minimum of
100 particles with a standard phi template or by measuring along the
intermediate axis of each pebble. Use a grid and tape for
systematic/complete transects across riffle sections (i.e. if the 100th particle is
in the middle of a transect, complete the full transect before stopping the
count). If fines (sand/silt) are less than ½-inch thick (~ one finger width) at
point of sample, it is appropriate to sample the coarser buried substrate;
otherwise record an observation of fines (i.e. ≤ 2 mm, recorded in
spreadsheet as 2 mm). Tak e photographs to support the results.

total particles
104

d50 (mm)
45

mobility index
mobility index
corresponding to
SvQ10 0.5
50% risk for d50
(m 1.5/s0.5)
0.0837
0.084

%sand
27%
Incision/
Braiding
Risk
<50%

Pebble count data in the table on the left are example data for
illustrative purposes only. You must replace these data with
actual pebble count data from your field site. Once populated
the pebble count results will be used to automatically populate
fields on Form 2 and Form 4.

Form 4 – Lateral Susceptibility
FORM 4: LATERAL SUSCEPTIBILITY
Primary Lateral States

Lateral Rating

Description

"X" appropriate box

Combination of State &
Risk Factors

x

LOW

Mass wasting or fluvial erosion/braiding existing and extensive

Poorly consolidated or unconsolidate with fine/nonresistant toe material

Poorly consolidated or unconsolidated with coarse/resistant toe material

Consolidated, stratification absent or not contributing to failure

Fully armored bedrock/engineered reinforcement or fully confined by hillslope

Lateral Risk Factors
Risk Factor

Value

Critical Value for Lateral Risk

VWI

1.20

1 to 2

Vertical
Rating
MEDIUM

<HIGH

Mass wasting risk in moderately- to well-consolidated banks

Height

(m)

IF poorly or
unconsolidated,
"N/A"
0.8

Angle

(degrees)

60

height for
10% MW risk
@ angle
0.85

<10%

POC Output

A-4B

San Diego HMP Monitoring Plan Revision Technical
Report
Appendix: B
Review of Statewide Findings

San Diego Hydromodification Management Plan

Monitoring Plan Revision Technical Report

APPENDIX B. REVIEW OF STATEWIDE FINDINGS
The goal of this review was to identify approaches and components that could be used to update the HMP
Monitoring Plan in order to:
1. Ensure compliance with Permit requirements,
2. Ease implementation of existing monitoring elements, and
3. Implement best science and management practices given implementation constraints.
Findings from the literature review were reviewed by the Monitoring TAC, Copermittees, consulting
team, and other experts and distilled into a list of initial considerations for the revised HMP Monitoring
Plan. The following information provides a summary of the literature reviewed:
1. Hydromodification Monitoring in the Northern San Diego Region
Currently, the San Diego Regional Water Quality Control Board governs the development and
implementation of HMPs for three sub-regions within State Water Resources Control Board Region 9.
The San Diego sub-region drains 8 major watersheds within Region 9 and extends west to the Pacific
Ocean, east to the Pacific Crest, north to Fallbrook and Palomar Mountain, and south to the US-Mexico
border. Two other sub-regions lie to the north and drain the San Juan and Santa Margarita watersheds.
The South Orange County HMP was completed in December of 2011 and is being implemented for
priority development projects in the San Juan watershed (RBF, 2011). The Santa Margarita HMP is
currently being developed for the County of Riverside, and draft versions of the HMP and Evaluation
Program documents were released in June of 2013 (RBF, 2013).
1.1 South Orange County HMP
Like the San Diego HMP, the South Orange County HMP contains a monitoring plan to assess program
effectiveness. The monitoring plan does not consider channel susceptibility ratings, but assumes a default
low threshold of 0.1Q2. Unique components of the South Orange plan include sediment supply
management, bioassessment, and additional geomorphic classification tools. Sediment supply
management requires developers to identify sources of coarse sediment within the development footprint
and develop a management plan for their preservation or mitigation depending on the quality and extent
of the source. Bioassessment activities are focused on benthic macroinvertebrates (BMI) and at this time
utilize the Southern California Indicators of Biological Integrity Index (IBI) developed for perennial
channels. BMI reference indices for non-perennial channels will be incorporated into the bioassessments
once completed by SCCWRP (currently projected for 2015). The South Orange County plan also requires
annual geomorphic assessments of the receiving channel and contributing watershed, and includes a few
components not outlined in the San Diego plan such as the Rosgen (1996) channel classification system
and the 6-stage channel evolution model (Simon, 1992). These additional classification tools further
characterize the receiving channel and lend inferences to the historical and future trajectory of channel
adjustment.
Evaluation of the South Orange County HMP is being conducted through a tiered monitoring approach
where the level and extent of monitoring efforts is determined by various management triggers. The first
level of monitoring is based on the geomorphic assessment of receiving channels and bioassessment. If
rapid changes in channel form and declining IBI scores are observed, then a detailed hydrologic analysis
is conducted to determine if the channel degradation was associated with the geomorphically significant
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range of flow events for the site. If within this range, this triggers a “performance protocol” where the
receiving channel watershed is investigated for performance of hydrologic controls and sediment
management strategies. Mitigation facilities are inspected to determine if the deviation in flow duration
curves is due to lack of maintenance or poor facility design. Rehabilitation of the watershed and receiving
channel may be required based on the nature and extent of degradation. If no degradation of the receiving
channel or BMI communities is observed, then hydrologic analyses and performance protocols are not
conducted. Conclusion regarding the effectiveness of the HMP will be compiled at the end of the 5-years
based on measurements and observations of the tiered monitoring approach.
1.2 Santa Margarita HMP
The overall approach to hydromodification management for the Santa Margarita watershed was based on
the development of a Watershed Action Plan (WAP). The WAP requires that Copermittees delineate
stream channels that are susceptible to hydromodification, and develop an HMP for the watershed within
two years of completing the delineation. A field-based, rapid geomorphic assessment was included in the
delineation process to classify the susceptibility of channels that are not engineered, hardened, or
maintained (RBF, 2010). The rapid assessment relies on “shear ratios” which are calculated from the
Manning’s roughness equation and channel entrenchment ratios. This approach can generate channel
susceptibility ratings that are quite different from those derived from the SCCWRP screening tools
(Bledsoe et al., 2010, 2012). For instance, wide braided sand bed channels receive a VERY HIGH
susceptibility rating using the screening tools approach due to easily mobilized bed material, high risk of
incision/braiding, and poorly consolidated and non-resistant bank material. However, the “shear ratio”
approach would rate the same channel type as LOW susceptibility (RBF, 2010; e.g. Plunge Creek,
Highland, CA). The susceptibility delineation for the watershed was completed in 2010, and the draft
HMP is currently under review by the Regional Board (RBF, 2013).
The proposed evaluation monitoring program for the Santa Margarita HMP is nearly identical to the
South Orange County HMP. The Santa Margarita program is built off of a tiered monitoring framework
with adaptive management principles. The condition of the receiving channel form and biological
community governs the level of monitoring and assessment level that is required at each monitoring
station. The program does not disclose the total number of monitoring sites that are recommended, but
rather states that the monitoring program should be built from existing water quality monitoring stations,
adding monumented cross-sectional survey locations, and additional stations as needed. The program
does require one reference monitoring site located in the upper watershed. As with other HMPs reviewed,
the evaluation monitoring program is to be conducted for a total of five years.
One noteworthy piece of the Santa Margarita HMP evaluation program is that priority development
projects are required to set project specific schedules to verify inspections and maintenance operations
and ensure long-term performance of BMPs at flow rates and durations. This seems to suggest that the
project developer is required to monitor their own hydromodification mitigation facilities, and supply
records as needed to governing agencies.
2. Framework for Developing Hydromodification Monitoring Programs
A Framework for Developing Hydromodification Monitoring Programs was released by SCCWRP in
March of 2013 (Stein and Bledsoe, 2013). The general framework outlines a tiered approach to
hydromodification monitoring through which various monitoring elements can be prioritized and
implemented in phases based on management needs, the condition of receiving channels, and availability
of resources (Figure B-1).
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Figure B-1. General monitoring framework (left) and monitoring elements (right; Stein and Bledsoe 2013)

As adopted by the northern San Diego HMPs, the level of monitoring effort is based on findings from
conditions monitoring and assessment (tier M1). If unsatisfactory channel conditions develop such as
channel widening and loss of riparian habitat, then watershed and performance assessments are conducted
to identify the stressors and sources responsible for degraded conditions (tier M2 and M3). Performance
assessments may focus on mitigation facilities, control strategies, and other management measures. Once
stressors and sources are identified, targeted management actions are implemented and additional
monitoring may be required to assess the effectiveness and performance of adaptive management actions
(tier M4).
The framework recognizes that the various monitoring elements can and should be implemented by
different management entities due to resource constraints, spatial extents and timescales of management
questions, regulatory requirements, and pre-existing monitoring efforts. Questions regarding effectiveness
and performance elements are best answered through monitoring programs led by local agencies (i.e.
Copermittees). These elements form the basis for assessing compliance with the HMP, and thus are
focused on relatively short time scales associated with regulatory permit cycles. Questions regarding
spatial and temporal trends and widespread characterization are best answered through regional programs
and ambient monitoring networks. These long-term monitoring elements evaluate the overall watershed
conditions, stream health, and beneficial uses. As the author’s note, all monitoring efforts should be
coordinated between programs and entities to conserve resources, improve efficiency, eliminate data
redundancy and gaps, and facilitate information sharing.
A key concept of the framework is the relationship between monitoring indicators and assessment
endpoints. Monitoring indicators should include measures of hydrology (and sediment supply),
geomorphology, and biology in order to realize the connections between pressures on the contributing
watershed, state of the monitoring location, and response of ecological systems (Figure B-2).
Measurements of water and sediment inputs describe what pressures are affecting the general condition of
the receiving channel. Geomorphic measurements describe the current condition of the receiving channel.
Geomorphic observations and an understanding of watershed inputs can be used to infer the processes
that led to the current channel condition, and what trajectory and extent of channel change might occur in
the future. Finally, bioassessments help describe the response of biological communities and paint a
picture of overall stream health.
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Figure B-2. Pressure-state-response approach to monitoring (Stein and Bledsoe 2013).

Each monitoring indicator should have clearly defined assessment endpoints that can be compared with
reference sites and other monitoring locations to understand departure from natural conditions and
variability between monitoring locations (Table B-1). Understanding the natural variability of assessment
endpoints for different channel types and watershed conditions is critical for assessing program
effectiveness and setting adaptive management triggers. Management triggers should be based on
deviations from physical and biological objectives, pre-project conditions, and reference conditions.
Table B-1. Monitoring indicators and assessment endpoints.

Adapted from the SCCWRP framework (Stein and Bledsoe 2013).
Monitoring Indicators

Pressure

State
x

Response

Assessment Endpoints

Watershed Inputs
Stream flow

x

BMP inflow and outflow

x

flow duration curves

Sediment supply

x

sediment sources, delivery processes

Sediment transport

x

incipient motion, in-channel sediment load

flow magnitude, duration, frequency

Geomorphic Condition
Bed material

x

median size, dominant class, interstitial material

Grade control

x

presence, spacing, condition

Stream power analysis

x

channel mobility index, risk of incision/braiding

Bank material and geometry

x

bank angle, height, prob. of mass wasting

Channel geometry

x

width, depth, slope, entrenchment

Channel evolution models

x

stage, stability state, and trajectory

Morphological classification schemes

x

channel type, reach composition

Physical habitat (PHAB)

x

x

x

canopy cover, riparian veg., large woody debris
metrics

Biological Communities
Benthic macroinvertebrates

x

IBI, component metrics, function groups

Stream algae

x

IBI, component metrics, function groups, biomass

x

index, attribute, and metric scores

California Rapid Assessment Method
(CRAM)

x

x
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As the author’s note, many stream channels of concern within the Southern California region are
intermittent or ephemeral in nature. Bioassessments of these channel types may not be appropriate or
physically possible due to the seasonality or absence of in-stream communities. Monitoring entities may
want to include general habitat assessments such as the California Rapid Assessment Method (CWMW,
2013) and components of physical habitat assessments conducted as part of ambient monitoring programs
(Ode, 2007). Since physical habitat is generated by the interaction of fluvial inputs and structure of the
channel, monitoring indicators should include measurements of channel characteristics that help buffer
the effects of hydromodification on biological endpoints such as canopy cover, vegetation extent, and
presence of large woody debris.
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Materials from TAC Meeting No.1

May 22, 2012
Deb Mosley, County of San Diego
Brian Haines
SDHMP (D211485.00) - May 7-8 Field Visit Debrief, and Project Update

From May 7-8, ESA PWA and the County of San Diego conducted field visits to 6 potential monitoring sites for
the HMP. The goal of our field visits was to gather a general overview of candidate monitoring sites, and to
perform geomorphic assessments where site and channel conditions were appropriate. One of the development
sites, Bear Valley Parkway, was confirmed for monitoring. Channel sub-reaches within Sycamore Canyon and
Schoolhouse Canyon may be suitable as backup reference sites. A summary of each site has been provided below,
and supporting materials have been provided electronically.
Development Sites
1. Bear Valley Parkway – This site is acceptable for monitoring. We selected and assessed one sub-reach of
the main channel located on APN 234402700 (County property). The overall susceptibility rating is HIGH.
After a closer look at the certified map, the monitoring location is ideal since the receiving channel will
capture runoff from the outfall near Idaho Avenue to the western tributary, and the outfall from Birch
Avenue to the mainstem (see certified map). A verbal OK will be required from the property owner to
the north in order to survey a longitudinal profile of the channel.
2. Hidden Valley Ranch – This site is not acceptable for monitoring due to segmented drainage patterns,
relatively small sub-basin drainage areas, and likely complications with County road/drainage
maintenance. Drainage from POC 4 at the western boundary of the site would actually cross the road
and enter a grassy swale to which another swale contributes to just downstream (see field notes). The
watershed area likely doubles at the confluence of the two swales . Drainage from the eastern boundary
of the site, enters a drainage ditch along the east side of Hidden Valley Rd. Although clearly incised, the
ditch is not acceptable for monitoring since it will need to be maintained by the County as part of the
road/drainage system.
3. Castlerock (not visited) – This site is not acceptable for monitoring since it is located near the bottom of
the Sycamore Creek watershed (i.e. extensive urbanization already contributing to the channel). A
preliminary desk study was performed on the site based on what could be gleaned from photos and GIS.
The final susceptibility rating is likely HIGH. A summary sheet, preliminary SCCWRP form, and watershed
markup has been provided.
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Reference Sites (backup pool)
1. Sycamore Canyon – This site requires further analysis, but is suggested for monitoring. Our field visit
took longer than anticipated (1/2-day), because we had to hike ~1 mile down the canyon to access the
sites of interest (Sycamore Canyon Road was gated near the intersect with Calle De Rob). Sever locations
were examined along the west and east forks of Sycamore Creek, as well as, the mainstem below the
confluence of the two forks near Goodan Ranch (see overview map). The east fork of the creek
contained intermittent water, and evidence of prior head-cutting was observed. The contributing
watershed of the east fork is 1 mi2 before the confluence. We had hoped to examine another potential
site near the southern boundary of the open space (2.2 mi2 drainage area), although we opted against
this due to the large check dam located on the creek approximately ¼-mile upstream and extensive
poison oak. A formal geomorphic assessment is suggested for the east fork of Sycamore Canyon.
2. Schoolhouse Canyon (near the San Pasqual Academy) – This site might be acceptable for monitoring.
One sub-reach of the channel near the SE corner of Academy was selected and assessed (see overview
map). The overall susceptibility for the sub-reach is HIGH. The channel is actively incising and widening
through extensive prior deposits of sand delivered from the upper watershed. Two potential
complications with this site are the presence of a few single family homes along the watershed divide
(0.5% total imperviousness area – NLCD 2001), and the relatively close proximity in time since the Witch
Creek Fire. It appears the channel has/is being actively managed as well. Several boulder weirs were
observed along the channel, although these structures have failed sometime in the past and keystones
were scattered in the downstream direction. Large deposits of sand have also been dredged from the
channel bed just upstream of the private road. We suggest contacting the Academy/others at the
County for some more history/future plans for the creek. If deemed acceptable, a more complete
geomorphic assessment is suggested to document the upper extent of analysis domain.
3. Hellhole Canyon – This site requires further analysis. The only publicly-available access point is from the
trailhead near Santee Lane. The hike down to the creek is ~1/4 mile and the grade is fairly steep – a
potential concern during wet weather. The segment of the creek at the bottom of the trail was flowing
at the time of site visit, and a was surrounded by large patches of poison oak. The contributing drainage
area at this point is 3.3 mi2. The creek and some smaller tributaries are also accessible via East Canal
Road, however the road was gated ~0.5 miles south of the Open Space Boundary.
4. Boden Canyon (near SMC 01953, Region 9 monitoring site) – This site is not acceptable for monitoring
due to access issues. The site appears to be accessible via the Orosco Truck Trail off of San Pasqual
Valley Road, however the road was gated and in very poor condition. Perched stormwater culverts from
San Pasqual Valley Road are actively gullying the valley hillslope, and the gullies are starting to undercut
portions of the truck trail. Even if access was granted, the suggested site is ~1.5 miles from the pull off,
and the road is potentially impassable using passenger vehicles and potentially unstable/ dangerous
during wet weather.
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2433 Impala Drive
Carlsbad, CA 92010
(760) 795-6900
FAX (760) 931-1580

MEMORANDUM
To:

Ms. Christine Sloan
County of San Diego Watershed Protection Program
5201 Ruffin Road, Suite P
San Diego, CA 92123

From:

Dave Renfrew
Project Manager
Weston Solutions, Inc.
2433 Impala Drive
Carlsbad, CA

Date:

May 18, 2012

Dear Christine,
Weston Solutions, Inc. (Weston) is pleased to provide this technical memorandum and data
submittal for Phase I HMP monitoring in accordance with the Hydromodification Management
Plan (HMP) as required by provision D.1.g of Regional Board Order No. R9-2007-0001. This is
being submitted under the County of San Diego Engineering As-Needed Contract (#534079)
through our Prime Contractor, RBF Consulting, Inc.
Project Objective
Phase I monitoring was used to develop a standardized methodology for Phase II and Phase III
efforts. Monitoring activities were developed to answer the following question regarding HMP
program effectiveness assessment:
Do field observations confirm that the HMP appropriately defines the flow rate (expressed
as a function of the 2-year runoff event) that initiates movement of channel bed or bank
materials?
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Weston collected field data, field observations and laboratory data to determine whether critical
shear stress is the appropriate parameter for selecting the lower flow threshold of the
geomorphically significant flow range as defined by the HMP.
Phase I Monitoring
In accordance with the scope of work, three storm events were successfully monitored at two
urban sites (Saratoga and Flanders) and at two reference sites (Deer Valley and Ramona).
Sampling was conducted at the two urban sites, however, no flow was recorded at either of the
two reference sites, and therefore no sampling was conducted at either reference site. Table 1
shows the Phase I monitoring event dates and approximate rainfall totals.
Table 1. Phase I HMP Monitoring Event
Site
Name

Site Category

UH-1

Saratoga

RM-1

Site ID

Monitoring Event Dates
(site event rainfall totals in parenthesis)
2/27/2012

3/17/2012

3/27/2012

4/13/2012

Urban

Sampled
( 0.80”)

Sampled
(2.00”)

Sampled
(0.93”)

NA

Deer
Valley

Reference

No Flow**
(0.47”)

No Flow**
(0.52”)

Not Sampled*

No Flow**
(0.81”)

UM-2

Flanders

Urban

Sampled
(0.66”)

RH-1

Ramona

Reference

NA

Sampled
(0.60”)
No Flow**
(1.83”)

Not Sampled*
Not Sampled*

Sampled
(0.44”)
No Flow**
(0.88”)

*Storm event was forecasted below 0.5” for these locations. Therefore, no monitoring occurred at these sites.
**Site was visited during storm event and no flow was observed or measured with level loggers.
NA-Not applicable

February 27, 2012 Monitoring Event
Samples were collected on February 27, 2012 at the two urban sites (Saratoga and Flanders) for
the parameters listed in Table 2 over the rise, peak, and fall of the hydrograph. The reference
site Deer Valley was visited during the storm event and no flow was observed by field staff or
measured with level loggers. The Ramona Site was not yet established, therefore, no monitoring
occurred at this site.
March 17, 2012 Monitoring Event
Samples were collected on March 17, 2012 at the two urban sites (Saratoga and Flanders) for the
parameters listed in Table 2 over the rise, peak, and fall of the hydrograph. Both of the reference
sites Deer Valley and Ramona were visited during the storm event and no flow was observed by
field staff or measured with level loggers.
Flow was observed at the Ramona site on the dirt road areas and on paths where vegetation was
absent, both upstream and downstream of the site. No flow was evident from areas other than the
2

road input. This flow made it to the creek upstream and downstream of the channel, however, no
flow was observed in the channel at the monitoring site. Flows were essentially infiltrated in the
channel upstream of the site. It was concluded from this event that Reference sites will likely
need significantly more rainfall and or more frequent rainfall events to occur in succession in
order to have sufficient runoff occur for sampling. As such, a first flush sample event would not
appear to be relevant to this type of monitoring. Additionally, it was concluded that the Flanders
Urban Site was just near the flow level at which bedload movement would occur to move larger
pebbles and rock size bedload material. Any storm events with predicted rainfall less than 0.5”
would likely not provide additional useful data to understand bedload movement in a cobble bed
channel.
March 27, 2012 Monitoring Event
Samples were collected on March 27, 2012 at the urban site Saratoga for the parameters listed in
Table 2 over the rise, peak, and fall of the hydrograph. The reference sites were not visited due
to the low rainfall totals predicted in the National Weather Service (NWS) forecast. Additionally,
the NWS Quantitative Precipitation Forecast (QPF) for the Flanders area was less than the
amount predicted to initiate bedload movement and was not monitored.
April 13, 2012 Monitoring Event
Samples were collected on April 13, 2012 at the Flanders urban site for the parameters listed in
Table 2 over the rise, peak, and fall of the hydrograph. The reference sites Deer Valley and
Ramona were visited during storm event and no flow was observed by field crews or measured
with level loggers.
Data Submittal
Data collection protocols followed the methods included in Quality Assurance Project Plan
(QAPP) for the Effectiveness Assessment Monitoring for the San Diego Hydromodification
Management Plan. Calibration of field instrumentation was conducted according to
manufacturer’s specifications prior to use or deployment in the field. Table 2 shows the field and
laboratory parameters recorded during the Phase I monitoring events. Field data included level,
turbidity (Sand bedded channels only), specific conductivity, temperature, stream rating, and
bedload rating. Laboratory data included turbidity and suspended sediment concentration (SSC).
Data calculations included flow rate and bedload transport rate.
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Table 2. Phase I HMP Monitoring Sites and Parameters.
Site ID

Site Name

Latitude

Longitude

Field Parameters

UH-1

Saratoga

33.088539

-117.063585

RM-1

Deer
Valley

32.950709

-117.177005

Level, Velocity, Stream
Flow, Bedload Transport,
Turbidity
Level, Velocity, Stream
Flow, Bedload Transport

UM-2

Flanders

32.898611

-117.17423

Level, Velocity, Stream
Flow, Bedload Transport

RH-1

Ramona

33.045939

-116.951773

Level, Velocity, Stream
Flow, Bedload Transport,
Turbidity

Laboratory
Parameters

Sampling
Methods
and SOPs

Turbidity,
SSC

QAPP

Field Methodology Recommendations and Data Submittal
Following the completion of Phase I monitoring, Weston reviewed the data and incorporated
field methodology recommendations into the methods section of the QAPP. Weston also updated
the standard operating procedures (SOPs) for HMP monitoring including; stream flow, water
quality sampling (e.g., turbidity and SSC), and bedload transport. Data collected is provided in
Attachment 1. Below is a discussion from observations during the field monitoring events.
US-BLH-84 Handheld Bedload Sampler Evaluation
At the Saratoga Site, bedload transport ratings were successfully collected throughout each storm
event using the US-BLH-84 handheld bedload sampler. At the Flanders Site, bedload transport
ratings were successfully collected using the handheld bedload sampler. However, few larger
bedload materials (i.e., pebbles or rock sized materials) were collected using the handheld
bedload samplers. Based on the data collected a bi-modal bedload movement would be expected.
Lower flow rates would move interstitial sand sized particles, however, higher flow rates were
needed to begin movement of pebbles and rock sized materials. Evidence of these inflection
points were defined in the data collected at the Flanders Site.
Portable Bedload Trap Evaluation
The U.S. Forest Service portable bedload sediment trap was deployed at the Flanders Site for
each monitoring event to collect bedload material during higher flows as a test case and in the
event unsafe conditions in the channel prevented in stream sampling by field staff. During the
first monitoring event, the portable bedload sampler did not collect any bedload due to a
considerable amount of organic leaf debris filling the bag and impeding flow.
During the second monitoring event, the portable bedload trap was modified to collect bedload
for a specific time interval at higher stages. A trap door was used to keep the bedload trap closed
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until the specified sample interval. Unfortunately, the bedload trap caused erosion on the bottom
of the trap thereby suspending the lip of the trap above the bottom and thereby not allowing
bedload material to enter the bedload trap. Again, only organic material/leaf debris was captured.
During the third monitoring event, the portable bedload trap was modified to collect bedload for
a specific time interval at higher stages. The portable bedload trap was deployed with the back
end of the netting cut and left open to allow flow and organic debris to flow through until the
higher stage was reached and avoiding scouring of the bottom. Once the chosen stage was
reached, the netting was closed via a remote rope and the trap was allowed to collect bedload for
a specific time interval until it was closed at the mouth of the trap via another remote draw rope.
Although the method worked in opening/closing the trap and collected bedload only during a
specific time interval, it still managed to fill with a considerable amount of organic debris.
In summary, the portable bedload trap became filled with organic debris each time. Several
attempts were made to avoid the trap becoming filled with organic debris, but no readily
available solution was reached with the large amount of organic debris in the stormwater flows
characteristic of the Flanders drainage area. The portable bedload trap may be effective for
smaller reference sites as a qualitative measure of bedload movement, but would likely suffer
from similar organic debris accumulation. These devices may be more appropriate for
perennially flowing streams with cobble channels that do not have significant organic debris
(e.g., leaf debris that accumulates in the channel beds).
Marked Grid Method
Prior to the second monitoring event at Flanders, two 2.0 ft2 plots of the bedload material were
spray painted with non-toxic orange paint to qualitatively measure bedload movement.
Following the event, it was observed that bedload material up to 2” in diameter moved
downstream during this event up to 4 ft. Painting rocks was an easy qualitative measure of event
based bedload movement. Additionally, the size of the particles that moved could be evaluated.
Conclusions
 Data and observations from Phase I monitoring suggest that grainsize distribution of
bedload samples collected would be a useful parameter to analyze in addition to turbidity
and SSC.
 The US-BLH-84 handheld bedload sampler is a useful tool to conduct bedload transport
ratings in small creeks.
 The portable bedload trap was unsuccessful at collecting bedload during storm flows in
San Diego area dry streambeds. A large amount of organic leaf debris comprised more
than 95% of the material captured within the first 15 minutes of sampling and influenced
the flow dynamics needed to capture bedload movement at higher flow rates. These
devices may be appropriate for perennial streams with cobble channels where organic
debris has not accumulated in the channel prior to the storm event.
 Painting rocks in a defined area appeared to provide a useful qualitative measure of event
based bedload movement. The defined areas was photographed before and after the event
and provided a means to evaluate the distance rocks travelled and the size of the grains
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that did or did not move. However, it could not be discerned when the movement
occurred.
Personnel safety is a concern when entering the creek during storm flows to conduct
bedload ratings and stream ratings. The highest velocity observed to safely sample in the
channel was approximately 5-6 fps, but is vary site dependent. Having knowledge of the
flow characteristics during certain sized storms would be useful for informing field teams
of which conditions would be warranted for no-go decisions. Harnessing is highly
recommended and egress techniques should be discussed during the pre-monitoring
safety meetings.

On behalf of the entire Weston Team, we appreciate the opportunity to work for you. Should you
require any further information, please do not hesitate to call me at 760-795-6903 or via email at
dave.renfrew@westonsolutions.com.
Sincerely,

David S. Renfrew, REA-I, CPSWQ
Project Manager
Weston Solutions, Inc.
Attachments (2): 1. Zip File of Excel Data Files:
HMP-Site 16-Data.xls
HMP-Site 10-Data.xls
2. Site Photographs
Cc: Project File
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July 30, 2012
Deborah Mosley, County of San Diego, Watershed Protection Program
Brian Haines
San Diego HMP - Preliminary validation of the low flow threshold based on Phase 1 monitoring data

Introduction
The County of San Diego has initiated a long-term monitoring project to assess the effectiveness of their
Hydromodification Management Plan (HMP). The County and associated Copermittees defined an effective plan
as one which ensures compliance with HMP design criteria, and results in no significant stream degradation due
to increased erosive force caused by new development. The plan presented three questions to drive effectiveness
monitoring activities:
1. Do field observations confirm that the HMP appropriately defines the flow rate (expressed as a
function of the 2-year runoff event) that initiates movement of channel bed or bank materials?
2. Are mitigation facilities adequately meeting flow duration design criteria outlined in the HMP?
3. What is the effect of development on downstream cross section incision and widening?
ESA PWA and Weston Solutions (Weston) have been contracted by the County to help develop and implement a
monitoring project that addresses these core questions. The project has been divided into three phases, which will
be implemented over a 5-year period. The first phase of project is already under way, with a focus on the
development of standardized protocols for channel surveys, geomorphic assessments, and in-stream monitoring of
water and sediment discharge. Phase 1 protocols were applied to an initial set of monitoring sites during a portion
of the 2012 rainy season (February to April). During the second phase, monitoring activities will be expanded to
include a total of 10 monitoring sites. The third and final phase will incorporate continuous monitoring of BMP
outfalls at development sites as they are constructed. Together these monitoring activities will collect the
necessary data to assess program effectiveness.
As part of Task Order 13 (AMEC Contract No. 536213), ESA PWA was tasked to analyze in-stream monitoring
data collected by Weston as part of Phase 1 monitoring. The goal of this analysis was to assess if the monitoring
data supports the use of low flow thresholds currently assigned to channel susceptibility ratings (Question No. 1).
Since low flow thresholds were developed using a large sensitivity analysis of hypothetical data it is important to
supplement these data with field observations. Together these datasets will be used to validate or revise the low
flow thresholds during the next HMP permit cycle.

K:\projects\_211XXX - 2011 Projects\D211485.01 - San Diego HMP Monitoring - Phase 1\03 Working Docs_Analysis\02 Data
Analysis\211485.01_memo_phase 1 initial findings_v2_draft.doc

Low Flow Threshold
The HMP states that an effective monitoring plan can result in, “no significant stream degradation due to
increased erosive force caused by new development”. The evaluation of increased erosive force has been limited
to the geomorphically effective flow range, which is defined between the flow associated with the minimum or
critical shear stress required to erode channel materials (low flow threshold), and the ten-year flow event (Q10).
The HMP requires the use of two assessment tools to determine the low flow threshold of receiving channels
downstream of BMP outfalls:



Hydromodification Screening Tools (Bledsoe et al., 2010), and
the Low Flow Calculator (Brown and Caldwell, 2011).

These tools are based on a variety of channel and valley characteristics including bed and bank materials, channel
slope, channel cross section, and stream assessment characteristics. Both tools rate the overall susceptibility to
channel erosion, and assign a low flow threshold as a function of the 2-year flow event (Q2):




0.1 Q2 for streams with HIGH susceptibility to channel erosion
0.3 Q2 for streams with MEDIUM susceptibility to channel erosion
0.5 Q2 for streams with LOW susceptibility to channel erosion

The final susceptibility rating and low flow threshold assigned to a receiving channel is determined from the more
conservative of the two methods. For instance, if the low flow calculator assigned a HIGH rating and the
screening tools assigned a MEDIUM rating, a HIGH rating would be given to the receiving channel. In this
example, hydromodification facilities would be designed to mitigate for flow events ranging from 0.1 Q2 to Q10.
Validation of low flow thresholds will take place through a series of analytical steps. The first step involves
identifying the flow rate that corresponds to the 2-year event for each receiving channel. Because no gauge data
has been collected at any of the monitoring sites, the 2-year will have to be estimated using hydrologic models.
The second step is developing “rating curves” between discharge and sediment load data gathered from in-stream
monitoring. Because sediment load is dependent on discharge rate, rating curves help us identify the lowest
discharge rate that results in movement of bed and bank material, or in other words, channel erosion. The final
step in the validation process involves comparing discharge values derived from field data with those from
hydrologic models to identify the function of 2-year flow event that is associated with the low flow threshold.

Field Data
In-stream monitoring activities have been designed to collect the necessary data to validate the low flow threshold
of selected hydromodification monitoring sites. The first phase of monitoring data were collected by Weston
during a portion of the last rainy season, February to April of 2012. Stream stage (level), velocity, turbidity,
suspended sediment, and bedload were sampled at each of the monitoring sites where field conditions were
supportive (Table 1). Unfortunately, none of the monitoring events generated runoff within the reference site
channels. Standardized protocols for these monitoring activities are outlined in the Final Quality Assurance
Project Plan (Weston, 2012b).
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Table 1. Phase 1 monitoring events (adapted from Weston, 2012a)
Site Name

Site Category

Saratoga
Deer Valley
Flanders
Ramona

Urban
Reference
Urban
Reference

Monitoring Event Dates
(site event rainfall totals in parenthesis)
2/27/2012
3/17/2012
3/27/2012
4/13/2012
Sampled ( 0.80”)
Sampled (2.00”)
Sampled (0.93”)
NA
No Flow** (0.47”) No Flow** (0.52”) Not Sampled* No Flow** (0.81”)
Sampled (0.66”)
Sampled (0.60”)
Not Sampled*
Sampled (0.44”)
NA
No Flow** (1.83”) Not Sampled* No Flow** (0.88”)

* - Storm event was forecasted below 0.5” for these locations. Therefore, no monitoring occurred at these sites.
** - Site was visited during storm event and no flow was observed or measured with level loggers.
NA - Not applicable

Hydrologic Models
In lieu of long-term stream gauge records for a monitoring site, flow rates associated with specific return periods
must be estimated through hydrologic models. Hydrologic models can take the form of regional regression
equations based on average watershed characteristics, or more complex continuous simulation models which
calculate runoff using physical equations and parameters derived from rainfall records, land use characteristics,
soil types, and watershed topography. Regional regression models provide quick estimates of peak flow values
with considerable standard error, while continuous simulation models generally provide more accurate estimates.
The most readily available hydrologic models are the regional regression equations developed by the USGS
(Waananen and Crippen, 1997). For most regions of California, peak flows can be estimated using only drainage
area (mi2) and mean annual precipitation (in). The USGS also offers an online tool called StreamStats (USGS,
2012) that will calculate these values based on a user-defined location on a map. Another set of regional
regression equations were recently offered by Hawley and Bledsoe (2011) as an update to those provided by the
USGS. These updated equations were developed specifically for the Southern California region, and show
improved prediction capabilities over the USGS equations when applied to the range of watershed conditions
examined by the authors.
Several continuous simulation hydrologic models have been approved for use by the HMP including the
Hydrologic Simulation Program-FORTRAN (HSPF; USEPA 1997), the Hydrologic Engineering Center’s
Hydrologic Modeling System (HEC-HMS; USACE, 2010), and Storm Water Management Model (SWMM;
USEPA, 2011). Other third-party models and proprietary software are also accepted if they meet specific input
and output criteria, and pass a rigorous review process. A variation of the HSPF model, called the San Diego
Hydrology Model (SDHM) was developed specifically for San Diego County by Clear Creek Solutions (2011).
Benefits of SDHM is that it has been calibrated to watershed conditions found within the San Diego Region, and
incorporates a streamlined graphical user interface for ease of use.
The USGS regional regression equations were selected for the preliminary validation process (Table 2). Equations
from Hawley and Bledsoe (2011) were also considered, but a preliminary analysis showed that these provide
wildly inaccurate results when applied outside of their calibration range for maximum imperviousness. Peak flow
estimates derived from SDHM will be used in subsequent revisions of this analysis.
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Table 2. Comparison of peak discharge estimates.
USGS (1977)
Site Name

Drainage
Area
(mi)
0.8
0.1
2.1
0.1

Mean Annual
Precipitation
(in)
15.6
12.4
12.5
17.3

Maximum
Imperviousness
(%)
37%
1%
54%
0.1%

Saratoga
Deer Valley
Flanders
Ramona
*Imperviousness values are outside of calibration range

H&B (2011)

Q2
(cfs)

Q10
(cfs)

Q2
(cfs)

Q10
(cfs)

10.2
1.58
14.3
2.7

64.7
8.37
94.1
15

379*
3
2403*
5

123
17
240
22

Rating Curves
Rating curves between discharge and sediment load were developed to analyze the relationship between the two
parameters, and to delineate the minimum discharge required to mobilize bed sediments. Fine channel sediments
like sand are easily mobilized and kept in suspension during discharge events. “Suspended load” is the dominant
mode of sediment transport in fine-grained channels. Coarse sediments like gravel and cobble require more shear
stress to mobilize, and are generally transported in close contact with the channel bed. “Bedload” is the termed
used to describe the dominant mode of sediment transport for channels comprised primarily of coarse material. It
is important to note that bedload and suspended load are not mutually exclusive. Coarse-grained channels can
contain considerable sand content which will be carried in suspension; And although suspended sediments are
carried throughout the water column, their concentrations will be highest near the bed. For comparison purposes,
rating curves for suspended load and bedload were developed for all monitoring sites with field data (Figures 12).

Function of Q2 for Bedload
Qb, Bedload Discharge (g/s)

10000

1000

y = 67.359x 1.5857
R² = 0.742

100
10
1

Flanders

0.1

Saratoga

0.01

0.2344x2.989

y=
R² = 0.8765

0.001
0.0001
0.01

0.1

1

Function of USGS Q2 Estimate

Figure 1. Bedload rating curves for urban monitoring sites.
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Function of Q2 for Suspended Load
Suspended Sediment (ppm)
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10
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Figure 2. Suspended load rating curves for urban monitoring sites.
Comparison of low flow thresholds suggest that the Saratoga channel is more susceptible to erosion than Flanders
(Table 3). A greater proportion of discharge is required to mobilize the coarse bed sediments found within
Flanders. The observed function of Q2 for Flanders is higher than the 0.3 Q2 low flow threshold assigned to
MEDIUM susceptibility channels under the current permit. Conversely, fine bed sediments found within the
Saratoga channel are mobilized at a much lower discharge rates, and transported as both bedload and suspended
load. The observed function of Q2 for Saratoga is slightly lower than the 0.1 Q2 low flow threshold assigned to
HIGH susceptibility channels under the current permit. Bedload and suspended load was substantially higher for
the Saratoga channel across all sampled discharge rates (Figures 1-2).
Table 3. Preliminary comparison of low flow thresholds.
Susceptibility Rating
Site Name

Screening
Tools

Low Flow
Calculator

Saratoga
Deer Valley
Flanders
Ramona

VERY HIGH
MEDIUM
MEDIUM
VERY HIGH

HIGH
MEDIUM
MEDIUM
HIGH

Mode of
Transport

USGS
Q2
(cfs)

Suspended
Bedload
Bedload
Suspended

10.2
1.58
14.3
2.7

Low Flow Threshold
Current Permit
Observed
Function
Q (cfs)
Function
Q (cfs)
0.1
1.02
0.05
0.485
0.3
0.47
NA
NA
0.3
4.29
0.54
7.75
0.1
0.27
NA
NA

Initial rating curves for suspended load were developed using discharge and SSC. Because suspended sediments
have a direct influence on the turbidity of water, the relationship between these two parameters were also
examined (Figure 3). Very strong relationships were observed between SSC and turbidity, suggesting that
turbidity could be used as a surrogate for SSC to develop suspended load rating curves.
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Figure 3. Suspended sediment load and turbidity.

Conclusions
The preliminary analysis shows that in-stream monitoring data supports the use of different low flow thresholds
for channel susceptibility ratings. An approximately 10-times greater function of the 2-year discharge was
required to mobilize bed sediments within Flanders, a MEDIUM susceptibility channel compared to Saratoga, A
HIGH susceptibility channel. While there are clear contrasts in erosion potential between different channel types,
additional data and analyses are needed to properly validate the low flow thresholds currently assigned to channel
susceptibility ratings.
Although the initial set of monitoring data was relatively small, strong statistical relationships were developed
between water and sediment discharge for the two urban channels. Several bedload and suspended load samples
were also collected at the lower end of sediment rating curves which help define the initial movement of
sediment. These strong relationships and critical data points highlight the potential to lessen or temporary drop instream monitoring activities at sites where our question of critical discharge rates have already been answered.
Where more sampling is needed, turbidity could be used in place of SSC for suspended sediment load estimates.
Adaptive monitoring techniques such as these would allow limited resources to be focused on monitoring sites
with little or no data in-stream data, and result in substantial savings for the project.
Future updates to this analysis should include more refined estimates of stream hydrology. SDHM was suggested
by the hydromodification monitoring subworkgroup for this task. Peak flow estimates from SDHM could be
compared with long-term gauge records from nearby streams with similar watershed conditions.
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Background
On July 12, 2011, ESA PWA presented the preliminary results of our monitoring site selection process for the San
Diego Hydromodification Management Plan (HMP) to the Land Development Workgroup and HMP Technical
Advisory Committee (TAC). We received a great deal of feedback from the meeting attendees at that time, and
have continued to worked with committee members to compile additional data for our final site selection
screening process. The purpose of this document is to outline the site criteria and screening process, and present
the final list of sites which we will assess and survey as part of the long-term monitoring plan.
Site Criteria
Much of the criteria for site selection were outlined in Chapter 8 of the San Diego Hydromodification
Management Plan (Brown and Caldwell, 2011). To summarize, a total of 10 monitoring sites will be installed as
part of the management plan. The location of these monitoring sites should be varied to provide geographic
spatial coverage throughout Region 9 of the California Water Quality Control Board. Six of the sites will be
located in headwater drainages downstream of proposed development projects. Three of the “development” sites
must be ranked as HIGH susceptibility to channel hydromodification, while the other three will be MEDIUM
(Bledsoe et al., 2010). Ideal development sites will span a variety of project sizes (<10 acres, 20-50 acres, and >
50 acres) and project types (residential, commercial, etc.). Two “reference” sites will located in the upper
watershed in which no future development is currently planned (one HIGH and one MEDIUM susceptibility).
Reference sites should be located within watersheds that have not been recently burned. Finally, two of the
monitoring sites must be located downstream of existing urbanization (defined as 40% or more impervious area
within the contributing watershed). Urbanized sites should be located within the middle watershed between
headwaters and low-gradient coastal plain and positioned on a tributary of a “main” creek. According to recent
correspondence (August 9th) by Brown and Caldwell, one urbanized site should be rated as MEDIUM
susceptibility and the other LOW.
During the July 12th meeting, several additional criteria were suggested by members of the TAC. Members noted
that access to the monitoring sites could be limited by private ownership, and that parcel information should be
obtained for monitoring sites and adjacent properties. Properties owned by government entities such as the City
and County of San Diego should be preferentially selected where possible. TAC members were also interested in
examining soil and vegetation types of the monitoring sites to help ensure additional site variability. Finally it
was suggested that watersheds should be varied where possible to provide general variation in climate, vegetation,
and topography.

\\sfo-file01\ESAPWA\Data\projects\_211XXX - 2011 Projects\D211485.00 - San Diego HMP Monitoring\04 Deliverables\memo_SDHMP site
selection.doc

Site Screening
Potential monitoring sites were solicited from the TAC from May through July of 2011. A total of 78 potential
sites were compiled by ESA PWA before the July 12 meeting. A large database of proposed development
projects within unincorporated lands was compiled and provided by Rick Engineering, the consultant who is
reviewing channel vulnerability assessments for the County of San Diego. The County of San Diego provided
several documents outlining HMP project reviews not found within the Rick database. Existing urbanized sites,
and monitoring sites used by the Stormwater Monitoring Coalition (SMC) were also provided by the County.
Several sites were also identified by ESA PWA through recent project work in the County of San Diego, prior
research projects with the Southern California Coastal Water Research Project (Hawley et al., 2011), and general
geographic searches using Google Earth (Google, 2011).
A variety of information was compiled to assess how the potential monitoring sites meet the criteria identified
above. Site location, project size and development type were extracted where applicable from the various
documents, spreadsheets, and shapefiles provided by the TAC members. Shapefiles for parcel information,
watersheds, soils, and vegetation were downloaded from the SanGIS Data Warehouse (2011). Additional
watershed and land use information, such as site specific drainage area and percent impervious surfaces, were
compiled using StreamStats (USGS, 2011). A master database of this information was developed in Excel and
later imported to ArcGIS (ESRI, 2011) for geospatial analysis.
Suggested Monitoring Sites
Although only 10 sites are required for the monitoring plan, a larger pool of candidates were selected due to
potential complications that may occur during field assessments, such as a LOW channel susceptibility rating for
a proposed development site. Twenty-five potential monitoring sites were selected from the initial pool of 78 that
appear most likely to meet all the criteria required (Figure 1). Many of the potential sites failed the screening
criteria because of watershed position, potential access issues, and/or percent impervious surfaces. Unfortunately,
all the SMC sites failed the screening criteria due to an “exempt” status of the receiving waterbody (Brown and
Caldwell, 2011), size of the contributing watershed, and/or watershed position. The remaining twenty five sites
were segregated into two tiers to prioritize initial field assessments (15 Tier I sites, and 10 Tier II sites; Tables 1
and 2). Tier I sites appear to be the best candidates based on geographic spread, inferences from aerial imagery,
property ownership, and prior site knowledge. Tier II sites are also good candidates, but possess potential
complications such as the presence of bedrock in the surrounding watershed, legacy effects of previous wildfires,
and proximity to higher priority Tier I sites. Tier I sites will be verified in the field, and Tier II sites will be used
as backup in the event of Tier I sites failing the criteria.
The final pool of site candidates is widely distributed throughout Region 9. We defined the northern, middle, and
southern portions of the county by dividing the eastern boundary of the county into thirds and extending those
resultant latitudes westward to the Pacific Ocean. Based on these definitions, six of the sites are found in the
northern portion of the county, 11 in the middle, and 8 in the south (Figure1 and Table 3). The potential sites are
found within 8 primary watersheds defined by hydrologic unit (Tables 1 and 2). Contributing watershed areas
range from 64 to 4800 acres, and annual precipitation varied from 12 to 19 inches. The sites span an array of soil
types although most are loamy in nature (Table 4). Vegetation is quite variable and the sites are found within 16
different terrestrial vegetation communities (Tables 5 and 6).
The final list of potential sites is distributed among the three monitoring categories: twelve are proposed
developments, 6 are reference sites, and 7 are urbanized. Project size information was available for nine of the
proposed development plans; two of the sites are between 10 and 50 acres, and 7 are greater than 50 acres in size.
While some of the initial site candidates contained less than 10 acres, none of these made it through the screening
process. For most of the development sites, the proposed land use is single-family residences, but commercial,
highway, and airport facilities were also included. All of the proposed reference sites and their contributing
watersheds are located on relatively undeveloped publicly-owned land (e.g. San Diego Wild Animal Park and
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Mission Trails Open Space) which should lessen the potential for upstream development within the 5-year
timeframe of the initial monitoring program. Three of the urbanized sites contained less than 40 (37, 38.1, and
39.3) percent impervious surface area according to StreamStats, but these values came from the 2001 National
Land Cover Dataset (NLCD). It is assumed that additional urban infill has occurred after 2001, and that the 40
percent impervious criterion has been met. These values will be verified with the 2006 NLCD (the most recent)
in GIS before the final 2 urbanized sites are selected.
Conclusions
A total of 25 sites have been presented as potential candidates for the San Diego HMP Monitoring Program.
These sites were screened and selected to meet the criteria outlined in the 2011 Management Plan and those
subsequently identified by the TAC. The sites are evenly distributed throughout Region 9, and comprise a wide
variety of watershed, soil, vegetation, and habitat types. The size and type of development projects were varied to
the extent possible from the list of site candidates provided by the TAC. Reference sites were targeted to
government owned lands to limit the occurrence of upstream development, and impervious surface thresholds
were verified for urbanized sites. Channel susceptibility criteria will be verified in the field, and the reserve pool
of Tier II sites will be examined as needed. As outlined in our scope of work, 12-15 of the potential sites will
verified in the field and presented in our final report.
At this time, ESA PWA would like to request additional information/actions from the County of San Diego and/or
TAC members, specifically:
1. The location of stormwater outfalls for proposed development sites. – This information is needed to
identify the receiving channel and Point of Compliance for the susceptibility screening tools, and to
identify the most appropriate setup of long-term monitoring equipment.
2. Construction timelines for proposed development sites. – As noted during the July 12th meeting,
several proposed development sites within the county have been “proposed” for over a decade. To
comply with the site criteria above, the development sites should be developed within the initial 5year timeframe of the monitoring plan.
3. Long-term land use plans for the upstream watershed of potential reference sites. - According to the
site criteria above, reference sites and their contributing watersheds should not be developed during
the initial 5-year timeframe of the monitoring plan. Although not specifically mentioned, extensive
land use management, such as logging and fuel reduction programs, should also be avoided.
4. Permission of property owners to access the proposed monitoring sites for upcoming field
assessments and site surveys. - Our must current version of the monitoring sites database has been
included as an attachment and contains relevant parcel information provided by the County of San
Diego.
The information above is crucial for the success of the monitoring project, in order to ensure the long-term
stability and validity of the final monitoring sites.
The next phase of the monitoring project will entail geomorphic assessments of the potential sites (Bledsoe et al.,
2010), and topographic surveys of the receiving channels. ESA PWA is currently working with Brown and
Caldwell to develop the channel survey procedures, as well as event-based and continuous sampling methods for
precipitation, flow, and sediment sampling. The survey and sampling procedures will be incorporated into a
Quality Assurance Project Plan (QAPP), which will be delivered to the County by Brown and Caldwell in the
near future. We anticipate performing the first year of assessments and surveys during the week of September
19th, and will coordinate with the County of San Diego to provide a tutorial of our those procedures at that time.
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Tables
Table 1. General information for Tier I monitoring sites.
Site
ID
2
3
5
6
8
10
11
12
15
16
18
20
21
23
25

Name
Gopher
Moosa A
Vista
San Marcos
Santa Ysabel A
Saratoga
Ramona Air Center
Santa Maria A
Deer Valley
Flanders
Fortuna
Montezuma
Jamul
Paradise
Johnson

County
Position
North
North
North
North
Middle
Middle
Middle
Middle
Middle
Middle
South
South
South
South
South

Nearby
Placename
Bonsall
Valley Center
Vista
San Marcos
San Pasqual
Escondido
Ramona
Ramona
Torrey Highlands
Mira Mesa
Santee
San Diego
Jamul
Lincoln Acres
Otay Mesa

Watershed

Sub-watershed

Site Category

SAN LUIS REY
SAN LUIS REY
CARLSBAD
CARLSBAD
SAN DIEGUITO
SAN DIEGUITO
SAN DIEGUITO
SAN DIEGUITO
PENASQUITOS
PENASQUITOS
SAN DIEGO
SAN DIEGO
OTAY
PUEBLO SAN DIEGO
OTAY

Bonsall
Valley Center
Los Monos
Batiquitos
Las Lomas Muertas
Del Dios
Ramona
Ramona
Miramar Reservoir
Miramar Reservoir
Mission San Diego
Mission San Diego
Jamul
Paradise
Otay Valley

Development
Development
Urbanized
Urbanized
Reference
Urbanized
Development
Development
Reference
Urbanized
Reference
Urbanized
Development
Urbanized
Development

Watershed

Sub-watershed

Site Category

SAN LUIS REY
SAN LUIS REY
SAN DIEGUITO
SAN DIEGUITO
SAN DIEGUITO
SAN DIEGUITO
SAN DIEGO
SAN DIEGO
OTAY
OTAY

Bonsall
Valley Center
Bear
Las Lomas Muertas
Del Dios
Ramona
Santee
Mission San Diego
Proctor
Hollenbeck

Development
Development
Development
Reference
Development
Development
Development
Urbanized
Reference
Reference

Table 2. General information for Tier II monitoring sites.
Site ID

Name

1
4
7
9
13
14
17
19
22
24

Fallbrook
Moosa B
Bear Valley
Santa Ysabel B
Hidden Valley Ranch
Santa Maria B
Wildcat
Rockhurst
Proctor
Little Cedar

County
Position
North
North
Middle
Middle
Middle
Middle
Middle
South
South
South

Nearby
Placename
Fallbrook
Valley Center
Escondido
San Pasqual
Lake Ramona
Ramona
Lakeside
Santee
Jamul
Lower Otay Lake
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Table 3. Geographic coordinates of the 25 potential monitoring sites.
Tier I Sites
Site ID
2
3
5
6
8
10
11
12
15
16
18
20
21
23
25

Name
Gopher
Moosa A
Vista
San Marcos
Santa Ysabel A
Saratoga
Ramona Air Center
Santa Maria A
Deer Valley
Flanders
Fortuna
Montezuma
Jamul
Paradise
Johnson

Lat
33.255274
33.219104
33.175931
33.131071
33.098934
33.088539
33.041177
33.039088
32.950709
32.898611
32.834624
32.769949
32.695848
32.688161
32.572151

Tier II Sites
Long
-117.207234
-117.043535
-117.273518
-117.222017
-116.981907
-117.063585
-116.914829
-116.946434
-117.177005
-117.17423
-117.063692
-117.092199
-116.858628
-117.056435
-116.925705

Site ID
1
4
7
9
13
14
17
19
22
24

Table 4. Soil categories found within the potential monitoring sites.
Soil Category
Bonsall sandy loam
Cieneba very rocky coarse sandy loam
Cieneba-Fallbrook rocky sandy loams
Clayey alluvial land
Diablo clay
Friant rocky fine sandy loam
Gaviota fine sandy loam
Greenfield sandy loam
Linne clay loam
Olivenhain cobbly loam
Placentia sandy loam
Ramona sandy loam
Redding cobbly loam dissected
Riverwash
Salinas clay loam
Terrace escarpments
Tujunga sand
Visalia gravelly sandy loam
Visalia sandy loam
Vista coarse sandy loam
Vista rocky coarse sandy loam
Grand Total

Count
1
1
2
2
1
1
1
1
1
1
1
1
1
1
1
1
1
1
2
2
1
25
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Name
Fallbrook
Moosa B
Bear Valley
Santa Ysabel B
Hidden Valley Ranch
Santa Maria B
Wildcat
Rockhurst
Proctor
Little Cedar

Lat
33.352912
33.215327
33.116243
33.091416
33.029529
33.02722
32.877606
32.787356
32.694586
32.643083

Long
-117.253633
-117.035444
-117.049621
-116.933959
-116.978036
-116.916821
-116.906879
-117.070516
-116.908858
-116.869203

Table 5. Vegetation categories found within the potential monitoring sites.
Vegetation Category
Bog and Marsh
Grasslands, Vernal Pools, Meadows, and Other Herb Communities
Non-Native Vegetation, Developed Areas, or Unvegetated Habitat
Riparian and Bottomland Habitat
Scrub and Chaparral
Woodland
Grand Total

Count
1
4
9
4
6
1
25

Table 6. Terrestrial vegetation communities found within the potential monitoring sites.
Terrestrial Vegetation Community
11300 Disturbed Habitat
12000 Urban/Developed
13140 Freshwater
18100 Orchards and Vineyards
18200 Intensive Agriculture - Dairies, Nurseries, Chicken Ranches
18300 Extensive Agriculture - Field/Pasture, Row Crops
32500 Diegan Coastal Sage Scrub
37000 Chaparral
37200 Chamise Chaparral
42000 Valley and Foothill Grassland
42200 Non-Native Grassland
52410 Coastal and Valley Freshwater Marsh
62400 Southern Sycamore-alder Riparian Woodland
63300 Southern Riparian Scrub
63320 Southern Willow Scrub
71160 Coast Live Oak Woodland
Grand Total

7

Count
1
2
1
2
1
2
4
1
1
2
2
1
1
2
1
1
25

Figures
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San Diego HMP Effectiveness Assessment Study

April 22, 2013

TECHNICAL ADVISORY COMMITTEE
“KICK-OFF”
1

OUTLINE
Process for committee participation
 Overview
 Site selection
 Wet weather & dry weather methods
 Preliminary trials at analyzing the data
 Emerging methods
 Q&A
 Roundtable discussion on key changes
 Next Steps


2

INITIATE

3

PROCESS FOR COMMITTEE PARTICIPATION

4

THE TECHNICAL ADVISORY COMMITTEE










Eric Berntsen, PH, CFM, State Water Resources Control Board
Christina Arias, P.E., San Diego Regional Water Quality Control Board
Eric D. Stein, Ph.D., Southern California Coastal Water Research
Project
Felicia Federico, Ph.D., UCLA La Kretz Center for California
Conservation Science
Trent Biggs, Ph.D., San Diego State University
Dennis Bowling, P.E., Rick Engineering
Jo Ann Weber, County of San Diego

5

HMP MONITORING SUBWORKGROUP




City of San Diego
 Jim Nabong (Chair and City Project lead)
 Jim Hook
 Sumer Hasenin
County of San Diego
 Christine Sloan (LDW Chair)
 Deb Mosley (County Project lead)
 Greg Carlton
 Ricky Patel
 Andrea Santos
 Jeremy Fantaroni
 Sara Agahi
6

THE STUDY TEAM








San Diego MS4 Copermittees
 HMP Monitoring Subworkgroup– Jim Nabong and Deb Mosley
Monitoring Consultant
 Weston Solutions – Dave Renfrew & Garth Engelhorn
Technical Consultant
 ESA-PWA – Brian Haines & Andy Collison
Other Consultants
 SDSU – Trent Biggs
 Others as-needed
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TECHNICAL ADVISORY COMMITTEE SCHEDULE
April

• Meeting #1 – Early input on proposed changes

May -Jun

•Distribute proposed changes to the TAC
•Meeting #2 – Open discussion on proposed changes

Jul - Sep

•Distribute revised proposed changes to TAC
•Meeting #3 – Open discussion on proposed changes

Oct - Dec

•LDWG – Present scope of changes to Regional Board
staff for approval
•ESA-PWA – Finalize Monitoring Plan Update
8

CURRENTLY AVAILABLE DOCUMENTS







San Diego Region Hydromodification Management Plan
Weston and ESA PWA technical memos
SCCWRP Technical Report 607 – Hydromodification Screening Tools
SCCWRP Technical Report 752 – Framework for Developing
Hydromodification Monitoring Programs
Surveys and geomorphic assessments (upon request)

9

UPCOMING DOCUMENTS





Quality Assurance Project Plan (Revised)
Weston monitoring report phase II
ESA PWA technical memo
ESA PWA proposal on changes to monitoring plan (Draft I)

10

GROUND RULES
Democratically develop a few ground rules
 Confidentiality
 Communication


11

INFORM

12

OVERVIEW: WHAT ARE WE TRYING TO ACCOMPLISH?

13

EFFECTIVENESS VS. OTHER TYPES OF MONITORING







1) Performance monitoring to evaluate whether a facility
or practice meets its design objectives,
2) Effectiveness monitoring to evaluate how well
management actions or suites of actions reduce or
eliminate the direct hydromodification impacts on
receiving waters,
3) Trends monitoring to provide an integrative
assessment of whether our “endpoint” indicators
(physical, chemical, or biological) are showing any
consistent and statistically significant change over space
and time
4) Ambient condition (characterization) monitoring to
provide context of the overall regional or watershed
condition of receiving waters.

From SCCWRP Technical Report 752

14

STUDY QUESTIONS

1.
Appropriate
flow control
range?

2. BMPs
function as
intended?
3. Positive
results in
the stream?

Is the
Plan
Effective?

15

PLAN
Draft HMP
2009

IMPLEMENT

ASSESS

SDWB adopted Resolution
No. R9-2010-0066
2010

Evaluate HMP & Findings
2016

MONITOR
Implement HMP
2011-2016

16

LOOKING BACK: DEVELOPMENT OF HMP

17

FLOW CONTROL STANDARDS THAT EXISTED

18

DEVELOPMENT OF FLOW CONTROL STANDARDS







Critical shear stress and flow was calculated for 180
channel types (36 combinations x-section & slope times
5 bed material types)
The critical flow was tied to a Q2 index using regression
equations
The thresholds were divided into the 3 sensitivity
classes
Parameters for a hydrology model (hspf) were
established with best available knowledge
Site level compliance is based on running the approved
hydrology model and a Q2 value generated for that site
19

WHAT APPLICANTS ARE MODELING
Modeling
POC

Stream POC

Priority
Development
Project

20

LOOKING BACK: DEVELOPMENT OF MONITORING PLAN

21

BASIS FOR QUANTITY OF REPLICATES


Temporal variability




Spatial variability





Annual variation in storm patterns and associated sediment
movement
Stream and watershed physical characteristics
Location within the watershed

Conclusions





3 replicates for each channel type (High & Medium
sensitivity)
Reference sites to supplement pre-project data
Upper watershed (less confounding factors)
Added 2 middle watershed sites to look at urban infill
22

REVISIONS WERE PLANNED FOR


Section 8. 4 includes clause:


“Reevaluation of the Monitoring Plan after review of findings
from Statewide HMP Monitoring Technical Advisory Group
and review of final SCCWRP Hydromodification Monitoring
Report (2013)”

23

SITE SELECTION

24

MONITORING SITES


10 Monitoring Sites are Required
6

Development
 2 Reference
 2 Urban


Focus on HIGH and MEDIUM Susceptibility
3

Development

1

Reference

1

Urban

5 Sites /

Susceptibility
(High & Med)

25

ADMINISTRATIVE REQUIREMENTS
QAPP
 Rain gage installation
 Gages & BMP station inspections (2012-16)
 Annual data analysis (2012-16)
 Reevaluation of Monitoring Plan (2013)
 Final Report (2016)
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FIELD-BASED REQUIREMENTS


Channel Assessments







3. Incision and
widening

Sediment Transport Analysis





Initial Geomorphic Assessment
Baseline Surveys
Annual Geomorphic Assessments
Final year Surveys

Effectiveness Question

Flow & sediment monitoring
Continuous and event-based

1. Lower flow limit

Flow Duration Analysis



BMP outflow monitoring
Continuous post-BMP outflow data

2. Flow duration
criteria

27

SUSMP/HMP CHRONOLOGY
January 2007:
March 2008:
December 2009:
July 14, 2010:
September 2010:
April 2011:
January 2012:

MS4 Permit
Interim HMP for >50ac
Final HMP submitted
RWQCB approves Final HMP
Initial HMP monitoring mtg
Potential site list (100+)
Subworkgroup increased
efforts

28

COPERMITTEE’S ACTION PLAN











Since January 2012 the Subworkgroup has put in over 4800
staff hours
Biweekly meetings, including working meetings
Heavy research between meetings including reviewing plans,
GIS analysis, and field visits
Re-researched sites that were
originally crossed off the list
Redefined site criteria based
on lessons learned
Changed consultants for
efficiency and experience
29

SCHEDULE: 3 PROJECT PHASES


Each Phase adds on to the previous phase...
 Phase

1 (last fiscal year)
 Phase 2 (this fiscal year)
 Phase 3 (as development occurs)

30

SELECTION CRITERIA


General criteria








Spatial distribution
Types of development
Development size
Watershed setting
Channel types
Drainage area
Soil and vegetation



Site-specific criteria








Development schedule
Monitoring setup
Watershed disturbance
Public/private land
Condition of channel
Access issues
Safety/vandalism

31

SITE SELECTION


Level 1. Identification




Level 2. Screening





Continue desk study
Initial field visit

Level 3. Validation (Consultant)






Initial desk study (record plans and other project specific
documents)

Desk study
Field visit and geomorphic assessment
Assign susceptibility rating

Level 4. Legal Permissions



Legal permissions
Access agreements

Steps are not mutually exclusive. Some may run in parallel depending on site
of interest.
32

LEVEL 1. IDENTIFICATION: KEY QUESTIONS


Are outfalls and receiving channel
defined?





Development during monitoring
timeframe?
Will the project be “discernible”?




Tentative maps, GIS

Watershed condition – urban,
burned, grazed

Any known issues with the site?

33

LEVEL 2. SCREENING


Desk Study and Initial
Field Visit




Overall Setting





Aerial photography, prior studies,
anecdotes
Anything that alters flow and
sediment delivery

GIS Analysis





May require multiple field visits

Analysis domain – upstream and
downstream limits
Watershed and valley measurements

20-step procedure for the
San Diego project
34

LEVEL 3. VALIDATION


Geomorphic Assessment








Verify office analysis
Simple channel
measurements
Bed and bank materials
Channel evolution stage
Grade control/in-stream
structures

Assign “Susceptibility
Rating”

35

LEVEL 4. LEGAL PERMISSIONS


From level 1 look at ownership and strategize







Approach may be different for public/private
Discuss with property owners early on
Have back-up plan if possible
Verbal access in most cases is not good enough

May need multiple access agreements for just one site


Stream location, geomorphic assessments, BMP monitoring,
surveying, and physical access

36

STATISTICS
301 sites researched
46 Reference, 36 Urban, 219 Development
239 County, 34 City, 28 Other Jurisdiction
37

CURRENT SITE LIST
Site Name

Site Category

Drainage
Area (mi2)

Susceptibility

Watershed

HSU

Saratoga

Urban

0.8

High

San Dieguito

905.21

Flanders

Urban

1.9

Medium

Penasquitos

906.1

Ramona

Reference

0.1

High

San Dieguito

905.41

Deer Valley

Reference

0.1

Medium

Penasquitos

906.1

Schoolhouse Canyon

Reference

0.8

High

San Dieguito

905.32

Sycamore Canyon

Reference

0.7

Medium

San Diego River

907.12

Otay Village

Development

0.6

High

San Diego Bay

910.31

Bear Valley Parkway

Development

0.3

High

San Dieguito

905.24

MDS Development

Development

0.2

High

San Dieguito

905.41

Fuerte Estates

Development

Metro Air Park

Development

Heritage Bluffs

Development

San Vicente

Development

Seeking Access Permission

38

CURRENT SITES

39

DRY WEATHER METHODS (ESA PWA)

40

WET WEATHER METHODS (WESTON)
Development of Standardized Methods
 Phase I and Phase II Monitoring Results


41

METHOD DEVELOPMENT
Phase I monitoring was used to develop a
standardized methodology for Phase II and
Phase III efforts.
 Monitoring activities were developed to answer
the following question:


“Do field observations confirm that the HMP
appropriately defines the flow rate (expressed as a
function of the 2-year runoff event) that initiates
movement of channel bed or bank materials?”
42

METHOD GOALS
Sediment Transport Monitoring
 Bedload Rating Curves


Develop a relationship between bedload transport rate
and stream flow rate
 Bedload

Transport Measurements
 Continuous Flow Measurements


Suspended Load Rating Curves


Develop relationship between SSC and turbidity
 Collect

paired Turbidity and SSC grab samples
 Continuous field measurements of turbidity at high
susceptibility sites
43

Continuous
Turbidity at
Sand Sites
with YSI
Data Sonde

METHOD SUMMARY
8-12 Samples over the
storm hydrograph
SSC and Turbidity Grabs

Sontek
FlowTracker for
Velocity

Plummer et al. (2003)

Hobo Continuous
Level Logger

US-BLH-84
Sampler for
Bedload
44

PHASE I: BEDLOAD METHOD DEVELOPMENT
(USGS, 2010)





Reviewed methods from acoustic
monitoring to elaborate trapeze
setups.
Through comprehensive literature
review and discussions with USGS the
handheld bedload sampler was
selected.

(USGS, 2010)

(USGS, 2010)

45

Project Number

The Federal Interagency Sedimentation Project (FISP)
approved US BLH-84 Handheld Bedload Sampler

BEDLOAD TRANSPORT
× Cross-sectional bedload samples collected at different stages over the
course of the storm to develop a relationship between flow rate and bedload
transport rate.
× Focused at the beginning and end of flow.
× Modified multiple equal-width-increment method similar to a stream flow
rating.
× Sampler is placed on the channel bottom for specified time (30 – 60 sec)

BEDLOAD SAMPLES


Processing of the sediment samples involves removal of
organic debris ,drying and weighing.

USFS PORTABLE BEDLOAD TRAP
QUALITATIVE BEDLOAD MOVEMENT

× A large amount of organic leaf debris comprised more
than 95% of the material captured within the first 15
minutes of sampling.
× The portable bedload trap may be appropriate for
perennial streams with cobble channels where
organic debris has not accumulated in the channel
prior to the storm event.

PAINTED GRID QUALITATIVE BEDLOAD MOVEMENT

× 2.0 ft2 plots of the bedload material were spray
painted with non-toxic orange paint to qualitatively
measure bedload movement.
× The painted grid is a means to evaluate the distance
rocks travelled and the size of the grains that did or
did not move. However, it could not be discerned
when the movement occurred.

METHOD SUMMARY





The US-BLH-84 handheld bedload sampler is a useful tool to conduct
bedload transport ratings in wet weather flows
Safety limitations at urban sites
Qualitative methods an alternative option
Standardized sediment transport methods incorporated into draft
QAPP


Event Based Sampling






Continuous Monitoring





Turbidity and SSC Grab Samples
Stream Ratings with Sontek/Marsh McBirney
Bedload Ratings with USGS US-BLH-84 handheld bedload sampler
HOBO Level Loggers
YSI Data Sondes with Turbidity Probes (Sand Bed Sites)

Phase I highlighted need for predicting when sites would flow.

STORM SIZE PREDICTIONS FOR MOBILIZATION
Problem: Which storm size would be provide
sufficient flow for sampling and to avoid false
starts?
 Solution: Used ACOE HEC-HMS 3.5 Model to
estimate site specific storm size needed to
initiate flows sufficient for successful
monitoring.
 Investigated antecedent moisture conditions to
provide additional mobilization criteria.


METHOD


Compared different size storms to determine when precipitation overcomes
Initial Abstraction





Inputs
•
•
•
•
•
•
•




0.25”, 0.5”, 0.75” precipitation for urban sites (>20% impervious)
1.5”, 2.0”, 2.5” precipitation for predevelopment and reference sites

Drainage Area (Miles2)
Length of longest flow path (m)
Valley Slope (m/m)
Estimated Channel n
% Impervious
% Forest Cover
Watercourse Length (miles)

•
•
•
•
•

Length (centroid) (miles)
Slope (feet per mile)
Mannings n (average for stream course)
m (constant for SD County)
Corps Lag Time (min)

Used flow results to back calculate the level and duration of flow > 1” within
the stream based on the Chanel Cross Sections and rating curve.
Results compared to USGS Stream Stats flow predictions for 1, 2, and 5
year 24-hour precipitation events using the County Hydrology Manual
Isopluvial Maps for each site.

RESULTS


Mobilization Criteria




3 Urban Sites required a rang from 0.25” to >0.75”
Remaining sites required >1.5”
Original reference sites required > 2.5” (equivalent to a 5-yr 24-hr storm)

PHASE I AND PHASE II MONITORING RESULTS

SITE SUMMARY
Site ID

Site Name

Site Category

Drainage
Area (mi2)

Susceptibility

# of Storms
Monitored

# of Samples

UH-1

Saratoga

Urban

0.8

High

7

57

UM-2

Flanders

Urban

1.9

Medium

7

53

RH-1

Ramona

Reference

0.1

High

1

0*

RM-1

Deer Valley

Reference

0.1

Medium

2

0*

RH-2

Schoolhouse Canyon

Reference

0.8

High

0

0*

RM-2

Sycamore Canyon

Reference

0.7

Medium

0*

0*

DH-1

Otay Village

Development

0.6

High

1

8

DH-2

Bear Valley Parkway

Development

0.3

High

2

23

DH-3

MDS Development

Development

0.2

High

TBD

Development

TBD

Development

TBD

Development

New site 2013 New site 2013

*No flow recorded since inception of monitoring program in 2012
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UH-1-SARATOGA

(HIGH SUSCEPTIBILITY SITE)
Site

Date

UH-1
UH-1
UH-1
UH-1
UH-1
UH-1
UH-1

2/27/2012
3/17/2012
3/25/2012
12/13/2012
1/25/2013
2/8/2013
3/8/2013



24 hr. Rainfall
Total (in.)
0.80
2.00
0.93
1.63
0.64
0.19
1.32

57 Samples Collected

Number of
Samples
8
8
8
9
9
3
8

UH-1-SARATOGA
UH-1-Saratoga
2/27/2012
Wet Weather Event

80

800

80

60

600

60

1200

SSC (ppm)
Turbidity (NTU)

800

Flow (cfs)

400

40

Bedload Transport (g/sec)

Flow (cfs)

UH-1-Saratoga
2/27/2012
Wet Weather Event

40

400
20

200

20

0

0

0

0

2/27/12

2/27/12

2/27/12

2/27/12

2/27/12

Recorded Flow (cfs)
Bedload Transport Measurement (g/sec)
Instantaneous Flow Measurement (cfs)

2/27/12

2/27/12

2/28/12
Recorded Flow (cfs)
SSC (ppm)
Turbidity-Lab (NTU)
Turbidity-Field (NTU)

2/27/12

2/28/12

40

UH-1-SARATOGA

Flow Measurements
Manning's Curve

20
10
0
0

20

40

60

80

100

120

140

160

Flow (cfs)

900
800

Bedload Transport Rate (g/sec)

Level (in)

30

700
600
500
400
300
200
100
0

0

10

20

30

Flow (cfs)

40

50

UM-2-FLANDERS

(MEDIUM SUSCEPTIBILITY SITE)
24 hr. Rainfall Number of
Total (in.)
Samples
UM-2 2/27/2012
9
0.60
UM-2 3/17/2012
9
0.66
UM-2 4/13/2012
9
0.40
UM-2 12/13/2012
8
1.84
UM-2 1/25/2013
6
0.79
UM-2 2/19/2013
6
0.45
UM-2
3/8/2013
10
1.81
Site



Date

53 Samples Collected

200
Bedload Transport Rate (g/sec)

180
160
140
120
100
80
60
40
20
0

0

20

40

60
80
Flow (cfs)

100

120

140

DH-2 BEAR VALLEY
(HIGH SUSCEPTIBILITY SITE)

24 hr. Rainfall Number of
Total (in.)
Samples
12/13/2012
10
1.63
3/8/2013
13
1.32

Site

Date

DH-2
DH-2

23 Samples Collected
DH-2-Bear Valley
3/8/2013
Wet Weather Event
20

40

16

12

20

8

10
4

0

0
3/8/13

3/8/13

3/8/13

3/8/13

Recorded Flow (cfs)
Bedload Transport Measurement (g/sec)
Instantaneous Flow Measurement (cfs)

Bedload Transport (g/sec)

30

Flow (cfs)



DH-1 OTAY VILLAGE

(MEDIUM SUSCEPTIBILITY SITE)
Site

Date

DH-1

3/8/2013

Number of
Samples
8

8 Samples Collected
0.2

0.0028

0.16

0.0024

0.12

0.002

0.08

0.0016

0.04

0.0012

0

0.0008
3/8/13

3/8/13

3/8/13

3/8/13

Recorded Flow (cfs)
Bedload Transport Measurement (g/sec)
Instantaneous Flow Measurement (cfs)

Bedload Transport (g/sec)

DH-1-Otay Village
3/8/2013
Wet Weather Event

Flow (cfs)



24 hr. Rainfall
Total (in.)
0.96

REFERENCE SITES

RM-1 Deer Valley
Max 24 hr. rainfall total with
no recorded flow: 1.84”

RH-1 Ramona
Max 24 hr. rainfall total with
no recorded flow: 1.83”

REFERENCE SITES

RM-2 Sycamore Park
Max 24 hr. rainfall total with
no recorded flow: 1.84”

RH-2 Schoolhouse Canyon
Max 24 hr. rainfall total with
no recorded flow: 1.34”

CURRENT DATA ANALYSIS (ESA PWA)

REMOTE SENSING METHODS/HSPF MODELING
SDSU
Trent Biggs
Kris Taniguchi

TASK: REMOTE SENSING OF CHANNEL
GEOMETRY
How accurate is remote sensing for estimating
channel width?
 How small of a channel can be accurately
mapped using remote sensing, and how does
the error change with channel size?


FIELD MEASUREMENTS

45
40

Average RS Width (m)

35
30
25
20
15
10
5
0

0

5

10

15

20

25

30

Average Field Width (m)
The average width from Google Earth compared to the average field width
for eight reaches.

35

30
20
10

Percent Error

0
-10
-20
-30
-40
-50
-60

0

5

10

15

20

25

30

Average Field Width (m)
Percent error for remote sensing average width (m) compared to average
width (m) measured in the field.
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SUMMARY 1
Stream channel widths were accurately
estimated (error < 10%) at five of eight study
reaches.
 Width > 7 meters  error <10%.
 Width < 7 meters, error -50% to +20%.


TASK: REGIONAL ASSESSMENT OF
HYDROMODIFICATION IN SAN DIEGO COUNTY


Where has stream channel enlargement
occurred in the study watersheds, measured
as a change in the area-width relationship
compared to undeveloped watersheds?

35

30

Field Width (m)

25

20

15

10

5

0

0

1

2

3

4

Watershed Area (km2)
Field width (m) per watershed area (km2).

5

6

7

9

Cross Sectional Area (m2)

8
7
6
5
4
3
2
1
0

0

1

2

3

4

5

6

Watershed Area (km2)
Cross sectional area (m2) to watershed area (km2). Red dots indicate
secondary quality data (didn't use total station; need to be resurveyed).

7

SUMMARY 2
Stream channel width to watershed area had a
positive but highly variable correlation
 Cross sectional area correlates with watershed
area  Differences by land use, geology?


GEOLOGY AND SUSCEPTIBILITY RATINGS
Geology

HIGH

MED

LOW

Alluvium

3

0

0

Conglomerate

0

3

0

Felsic Volcanic Rock

2

0

2**

Gabbro

0

1

0

Mudstone

2*

1

0

Sandstone

0

1

0

Tonalite

4

0

0

Sandstone/Conglomerate

1

0

0

Chi-squared = 25, df = 14, p-value = 0.03

HYDROLOGICAL MODELING PROPOSAL


Problem statement




Continuous hydrological model





Performance criteria in HMP based on flow (e.g. 0.3Q2, etc). Flow
duration curves (reference, urban) required.

San Diego Hydrology Model (SDHM) based on HSPF
Not widely tested on small watersheds (<25 mi2)

Questions and objectives




How well does the SDHM predict the FDC of small watersheds in San
Diego County?
What parameter ensembles produce acceptable fits to observed FDCs?
How much uncertainty is there in parameter values and modeled FDCs?
(Could a simpler model be used?)

HYDROLOGICAL MODELING PROPOSAL (CONTINUED)


Calibration and uncertainty analysis







Different parameter sets  equally good fit (Beven and Binley, 1992)
Sensitivity analysis, PEST, or Monte Carlo (GLUE)
 Distribution of FDCs, xQ2
(Xie and Lian, 2013)
HSPF: 80 parameters, 6-10 typically adjusted

Data sources



HMP sites. 2 years of data, no flow at reference sites
USGS gages: 16 gages area < 25 mi, 6 candidates

HSPF CANDIDATE WATERSHEDS
Impervious surface
Red = high
Grey = Low

Name

Area (mi2) Period of record

Guejito Creek (GUE)

22.5

1946-1982; 2004-pres

Pauma Creek (PAU)

11.0

1964-1981

Rainbow Creek (RBC)

10.3

1989-pres

Keys Creek Trib (KCT)

7.7

1970-1991

7.0

1964-1977, 1989-1993
1993-pres

0.6

1967-1973

Fallbrook Creek
(FALL)
Wilson Creek Trib
(WCT)

QUESTIONS?

ALERT RAIN GAGES

Table 1. Small watersheds with USGS stream gage data in San Diego County. Includes only watersheds
with drainage areas less than 25 mi2.
Watershed area (mi2)

Period of record

N years

Los Coches

12.2

2007-10-01 - present

7

Guejito Creek

22.5

1946 to 1982; 2004 to present

46

Rainbow Creek

10.3

1989 to present

24

Sandia Creek

21.1

1989 to present

24

Fallbrook Creek

7.0

1993 to present (1964-1977 and 19891993 from USMCorp)

20

Las Flores Creek

15.6

1998 to present

15

Jamul Creek Lee Valley

2.26

1983to 1988

5

Pomerado Creek Poway

4.14

1970 to 1975

5

Pomerado Creek
Glenoak Rd

2.43

1969 to 1975

6

Poway Creek

7.92

1977 to 1987

10

Rattlesnake Creek

8.13

1977 to 1989

10

Poway Creek Trib

0.93

1971 to 1975

4

Beeler Creek, Poway

5.46

1976 to 1989

13

Keys Creek Trib

7.65

1970 to 1991

21

Pauma Creek

11.0

1964 to 1981

23

Wilson Creek Trib

0.61

1967 to 1973

6

ENGAGE

NEXT STEPS

INFORM

DRY WEATHER METHODS (ESA PWA)

DRY WEATHER METHODS


Primary Goals
 Characterize

physical condition of receiving

channels
 Estimate susceptibility to hydromodification
 Monitor physical trends over time and space


Dual-purposed monitoring
 Effectiveness

assessment
 Long-term trends

MONITORING ACTIVITIES
1.

Geomorphic assessments
1.
2.
3.

2.

Part of the SCCWRP screening process
Occurs after site identification and desk study
Goal is to classify channel susceptibility

Channel surveys
1.
2.
3.

Cross-section and thalweg profile
Occurs after site validation and legal permissions
Goal is identify baseline and document trends

GEOMORPHIC ASSESSMENTS

CHANNEL SUSCEPTIBILITY

(SCCWRP 2010)

Field Indicators
Bed Material
Incised Form
Grade Control
Degree of
Armoring

Bank Material
Bank Height/Angle

Susceptibility to Erosion

LOW

HIGH

DOMAIN OF ANALYSIS

MONITORING SITE SETUP
1.
2.
3.
4.
5.

Complete geomorphic assessment
Validate desk study and assign rating
Secure legal permissions to monitor
Monument site and survey channel
Prepare for wet-weather monitoring

EFFECTIVENESS AND TRENDS


What makes an effective HMP?




Results in no accelerated degradation of downstream
receiving channels as a result of development.

Question-based monitoring plan (Chapter 8)


What is the effect of development on downstream cross
section incision and widening?

(Hawley et al. 2012)

CROSS-SECTION MONUMENTS

Benchmark

CHANNEL SURVEYS

WET WEATHER METHODS (WESTON)

CURRENT DATA ANALYSIS (ESA PWA)
Function of Q2 for Bedload
Qb, Bedload Discharge (g/s)
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y=
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1

Function of USGS Q2 Estimate
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CURRENT DATA ANALYSIS


Primary Goals of Data Analysis*
 Validate
 0.1-,

low-flow thresholds

0.3-, and 0.5 x Q2

 Document

changes to receiving channel

 Width

and depth (incision and widening)
 Others factors: stability, materials, extent, rate of change

*The following results do not include 2013 data

LOW FLOW THRESHOLDS






HMP Permit requires flow control based on a low flow threshold that
corresponds with critical shear stress
“Do field observations confirm that the HMP appropriately defines
the flow rate that initiates movement of channel bed or bank
materials?”
Three different low flow
thresholds




0.1 x Q2 for HIGH
susceptibility
0.3 x Q2 for MEDIUM
susceptibility
0.5 x Q2 for LOW
susceptibility

ANALYTICAL APPROACH


STEP 1: Define the 2-year discharge






No gauge data = need to estimate
Phase 1 - regional regression equations
Phase 2 - continuous simulation modeling (SDSU)

STEP 2: Develop transport rating curves




Site specific analysis, flow and sediment
Compare measured threshold to estimated 2-year discharge
How do observed transport thresholds compare with the
range of flow thresholds in the HMP? Do we need to adapt
or modify in future?

2-YEAR DISCHARGE




One problem with using functions of Q2 (un-gauged) as flow threshold
metrics is that Q2 varies depending on the method used to estimate it.
USGS (Waananen and Crippen, 1977)






Hawley and Bledsoe (2011)






Based on gauged peak flows
Developed by regions (South Coast)
Based on data from 35 years ago*
Based on gauged peak flows
New gauge data, sub-urbanization
Very sensitive to imperviousness

Hydrology Models (SDHM, HSPF, etc.)





Based on modeled continuous flows
Phase 2 – revised estimates
Rainfall, land use, basin slope, soil type
Time consuming in fragmented land use

* Updated in late 2012

2-YEAR DISCHARGE

Site Name

Drainage Mean Annual
Maximum
Area
Precipitation Imperviousness
(mi)
(in)
(%)

USGS (1977)

H&B (2011)

Q2
(cfs)

Q10
(cfs)

Q2
(cfs)

Q10
(cfs)

Saratoga

0.8

15.6

37%

10.2

64.7

379*

123

Deer Valley

0.1

12.4

1%

1.58

8.37

3

17

Flanders

2.1

12.5

54%

14.3

94.1

2403*

240

Ramona

0.1

17.3

0.1%

2.7

15

5

22

*Imperviousness values are outside of calibration range
Selection of method is important!

SEDIMENT TRANSPORT
Photos from Hawley (2009)

Suspended load dominated

Transitional

Bedload dominated

Plummer et al. (2003)

•Sediment type
•Shear stress
•Mode of transport

MEASURED SEDIMENT TRANSPORT
Function of Q2 for Bedload
Qb, Bedload Discharge (g/s)

10000
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y = 67.359x 1.5857
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100
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0.1
0.01
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R² = 0.8765
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Order of magnitude difference between MEDIUM
and HIGH susceptibility
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MEASURED SEDIMENT TRANSPORT
Function of Q2 for Suspended Load
Suspended Sediment (ppm)

10000
y = 217.13x 0.8033
R² = 0.6677

1000

100

Flanders
Saratoga
Flanders
Saratoga

10

y = 51.96x 0.6812
R² = 0.3399

1
0.01

<0.1Q2 0.1

1

10

Function of USGS Q2 Estimate

Notes: Suspended load may originate from upper watershed – not necessarily local
channel erosion. Cross section comparisons will tell us if sediment transport is
associated with local erosion.

INITIAL OBSERVATIONS FROM TWO SITES
Low Flow Threshold

Susceptibility Rating
Site Name

Mode of
Transport

Screening
Tools

Low Flow
Calculator

Saratoga

HIGH

HIGH

Suspended

Deer Valley

MEDIUM

MEDIUM

Flanders

MEDIUM

Ramona

HIGH

USGS Q2
(cfs)

Current Permit

Measured

Function

Q (cfs)

Function

Q (cfs)

10.2

0.1

1.02

0.05

0.485

Bedload

1.58

0.3

0.47

NA

NA

MEDIUM

Bedload

14.3

0.3

4.29

0.54

7.75

HIGH

Suspended

2.7

0.1

0.27

NA

NA

•HIGH susceptibility – may be lower than 0.1Q2
•MEDIUM susceptibility – may be higher than 0.3Q2
•Need more data and cross section comparisons before we can
recommend changes to low flow thresholds

EXTRAPOLATING SUSPENDED LOAD DATASET
USING TURBIDITY SENSORS
SSC-Turbidity

Turbidity (NTU)

1000
Flanders
y = 7.1994x 0.4603
R² = 0.8818

100

Saratoga
y = 2.2876x 0.6857
R² = 0.9338

Flanders
Saratoga

10
All data
y = 4.7005x 0.5544
R² = 0.8907
1
1

10

100

1000

SSC (ppm)

•Very strong relationship (~90% of variability)

10000

PRELIMINARY DISCUSSION



Small number of field observations generated good dataset
Initial fieldwork supports use of different low flow thresholds




Adaptive monitoring






Caveat: two sites, one season of data
Potential to refocus efforts and resources on new sites once erosion
threshold and rating curve are well defined for a site
Use turbidity for suspended load at each site (possibly between sites?)

Next steps


Refine 2-year discharge estimates





Updated regression equations (USGS 2012)
Continuous simulation modeling (SDSU)

Potential to revisit low flow thresholds

SURVEY COMPARISONS


Document Changes to Receiving Channel
No quantified change at this time
 Second year comparisons
 4 monitoring sites (2011-2012)




Timeline and Survey Types
Year 1 – Total Station or RTK Survey
 Years 2-4 – Rod and Level Survey


 Adequate

for documenting interim changes
 Quicker and cheaper than more formal surveys


Year 5 – Follow-up TS / RTK Survey
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PRELIMINARY DISCUSSION


No change at reference sites






Upper watershed = relatively small drainage areas (both
sites ~0.1 mi2)
No recorded events in 2011-2012 wet season
Backup reference sites are larger (0.7-0.8 mi2)

Urban sites more reactive



Middle watershed = larger drainage areas (0.8-1.9 mi2)
Saratoga site undergoing substantial change
Highly susceptible sand-bed channel
 Some undermining of downstream grade control
 Extreme urbanization and lack of hydromod controls upstream




Need additional data for proper trend analysis

2013+ MONITORING SITES
Schoolhouse Canyon
 Sycamore Canyon
 Otay Village
 Bear Valley Parkway
 MDS Development
 3 more in-process


SDSU SUPPORTING RESEARCH

ENGAGE

REVISED MONITORING “STUDY”


Reminder: Section 8.4 includes the clause,




“Reevaluation of the Monitoring Plan after review of
findings from Statewide HMP Monitoring Technical
Advisory Group and review of final SCCWRP
Hydromodification Monitoring Report (2013)”

At this point, more than just a plan:

Incorporates new research and guidance
 In conjunction with academia, practitioners, and
regulators
 Adaptive process based on evolving results




We need your input

DRIVERS FOR CHANGE
Budget, site, and time constraints
 New MS4 Permit (R9-2013-0001)
 Expanded copermittees






Components in other HMPs




Riverside and South Orange Counties
South Orange and Sacramento

Regional guidance
SCCWRP monitoring framework (2013)
 SCCWRP assessment and management (2012)


DISCUSSION


What are opportunities for modifying existing
monitoring activities?
 Channel

assessments and surveys (dry weather)
 In-stream monitoring (wet weather)
 Flow duration


De-coupled monitoring activities
 Monitor

flow duration at upcoming mitigation
facilities independent of receiving channel



Lessen/prioritize wet-weather activities
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Start time: 9:30 a.m.
End time: 12:30 p.m.

County of San Diego
5510 Overland Ave
San Diego, CA 92123

Agenda Summary
 Project Update
 Overview of draft proposal
 Suggested modifications to the
monitoring plan

TAC Members:
Eric Berntsen
SWRCB
Trent Biggs
SDSU

Christina Arias
San Diego RWQCB
Dennis Bowling
Rick Engineering

Eric Stein
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Weston Solutions
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Introductions and Announcements
HMP Monitoring TAC members, HMP Monitoring Subworkgroup members, and other
consultants were introduced.
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Meeting Notes
7-30-2013
2.

San Diego Regional Stormwater Copermittees
Land Development Workgroup: HMP Monitoring TAC

Updates, Presentations, Informational Items
A. Project Update
Jim Nabong presented a project introduction and update. The update included a review of
the discussion from the previous meeting as well as objectives for this and other future
meetings.
This is the second of three potential meetings for the HMP Monitoring TAC. Eric Berntsen
no longer works at the State Water Board, however will remain on the TAC in an advisory
capacity. The HMP Monitoring Subworkgroup is inquiring if someone else from the State
Water Board is able to attend or at least review documents and provide comments.
B. Overview of Draft Proposal
Andy Collison presented an overview of the draft proposal for changes to the HMP
monitoring program. There was some discussion of the need to have clear assessment
endpoints for monitoring efforts. SCCWRP is currently developing quantifiable thresholds
(IBI) that could help determine when action should be taken based on monitoring results.
A final version of the proposal will be distributed in September.
C. Suggested Modifications to the Monitoring Program
Brian Haines presented 9 specific options for possible modification to the current HMP
monitoring program. In addition to the information in the PowerPoint, the following was
discussed:


Christina Arias reiterated that the Permit does not require that low thresholds be
evaluated for effectiveness though it will be helpful to do so. She states that it is the
group’s decision to determine the level of effort.



Christina Arias indicated that the RWQCB understands that it may not be possible to
truly answer the key questions within the timeframe of the 5-year monitoring
program, and that if the timing needs to be extended to get better results, the
Board would support that.
o

Christine Sloan and Jo Ann Weber indicated that the Copermittees are
constrained to the current 5 year agreement and that there are no plans to
extend the program.



There was discussion about decoupling the BMP monitoring from the current
receiving water monitoring since none of the BMPs are currently built. Eric Stein
indicated that decoupled BMP monitoring will tell you if they are performing as
designed, but it will not allow relating the data to impacts in the channel.



Felicia Federico asked how BMP monitoring would be paid for.
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Land Development Workgroup: HMP Monitoring TAC
o

Eric Stein mentioned that some 401 permits put the monitoring
requirements on the developer if it is not a requirement under their
stormwater permit. Dennis Bowling states that approximately 50% of
development projects fall under the 401 permit.

o

Jim Nabong indicated that the Permit language suggests that HMP
monitoring is the responsibility of the Copermittees, not the development
applicant.

o

There have been some attempts to provide incentives to land owners in
order to do monitoring on their site, but most owners show concern and are
not willing to allow access to their properties. The best chance to monitor a
BMP would probably be one that is part of a municipal development.

o

Christina Arias asked if the jurisdictions can use their land use authority to
require land owners to participate in the monitoring.


Jo Ann Weber and Christine Sloan said that is not legal.



Eric Stein mentioned that special funding exists for studies like the HMP monitoring
plan. For example, the Stormwater Monitoring Coalition involved hydromodification
and may provide opportunities (e.g. assessment tools, BMP design manuals).



Option 1 – Christine Sloan noted that this is the only option that represents a cost
savings compared to the current program. Jo Ann Weber added that reducing the
total number of sites would be another way to reduce costs and offset some of the
additional expenses from the other options. Deb Mosley noted that a single
monitoring event costs approximately $7,000 per site. She also acknowledged that
discontinuing site selection research or reducing the number of sites would result in
cost savings. Brian Haines suggested that if curves are well developed at certain
sites, resources (event monitoring) could be shifted to other sites. Note that
continuous monitoring will remain at all sites.



Option 2 – Trent Biggs indicated that the current scope of $10k is to look at 4-5
sites. The remaining sites would be additional cost. Jim Nabong added that they
intend to do a 3rd party review of the SDSU work and that effort is not currently
budgeted. This was generally considered the highest priority out of all the options.



Option 3 – This option is not likely since it would still take significant time and
resources to find and get access to decoupled BMP monitoring sites. This is
probably only an option if a municipal HMP BMP gets constructed.



Option 4 – Brian Haines states that remote sensing is an additional method to
measure channel change over time and that it could supplement the data for our
current sites. Trent Biggs said remote sensing is useful when examining historical
change. Andy Collison said that this option would be good as part of a tiered
approach. Remote sensing is not possible for all sites due to vegetation. LiDAR
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could also be used, but the results are less detailed. Reviewing historic imagery
could also help set monitoring thresholds. Retrospective analysis may be folded into
this option. Remote sensing may provide a solution to sites where access cannot be
obtained.


Option 5 – Jim Nabong expressed concerns that this option will only make the
program more complicated and is uncertain if Regional Board will credit this toward
the required monitoring if only exploration of methods is accomplished rather than
effectiveness assessment. Jo Ann Weber questioned the relevance of
bioassessment to dry channels. Brian Haines said that the existing vegetation is a
bioassessment indicator. Christine Sloan questions if good data can be acquired in
the 2 remaining years of the program. Eric Stein indicated that there are several
opportunities to combine efforts with other monitoring programs in the state such
as SWAMP research studies and Proposition 80. Jo Ann Weber said that it is more
likely to receive Regional Board support if this study would help the state-wide
efforts. When Christine asked what efforts would be most helpful to the state-wide
programs, Eric responded that bioassessment is not as valuable in the short term as
the biological indicator tools are still being developed. Instead, the highest priority
would be estimating flow in smaller un-gauged systems to help with
parameterization, validation, and calibration of modeling. The questions to address
for these systems include: what is the range of physical response in these systems
and what should the thresholds be?



Option 6 – Brian Haines noted that upstream geomorphic assessments may provide
partial reference to receiving channels. On the other hand, additional monitoring
would require funding and site access may cause issues. As a result, he suggested
the potential for remote sensing.



Option 7 – Eric Stein mentioned that Google is starting a program where people
document trails with cameras mounted on backpacks. Andy Collison added that
remote control drones could also potentially be used.



Option 8 – Andy Collison said that it would be nice to check back into the 2 initial
screening tools once the monitoring is complete to know how accurate they were.
Specifically, the quantity of cross-sections necessary to predict sediment will help to
address screening tool validity. Dennis Bowling said that consultants have yet to
have major issues with the tools. Felicia Federico indicated that is seems like the
HMP provides more protection for streams that are already damaged and
potentially not enough for ones that are just starting to degrade due to the fact that
the tool lumps characteristics of the stream and its upstream conditions. She asked
that the group consider adding a low priority site to the program particularly a low
susceptibility stream with a good width-depth ratio. That was ultimately deemed
unnecessary since any stream with a sandy bottom would not be considered low
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priority regardless of cross sectional configuration. Eric Stein indicated that rating
and impact are separate variables.

D. General Discussion


Eric Stein recommended compiling a list of monitoring that the Copermittees
consider valuable (even if they do not think there is currently enough funding for
that activity). That way, if outside funding becomes available, people would have a
few good ideas about what it could be used for.



Eric Stein asked how HMP BMPs are currently being tracked. Each jurisdiction keeps
a record as part of annual reporting. Some also have the information in a GIS
database. Jim Nabong added that finding BMPs is much less difficult than getting
access for the monitoring if we go with decoupling.



Christine Sloan reiterated that the County would prefer to stop site selection efforts
since a significant amount of effort has already been dedicated to finding the
current 8 sites.
o

Christina Arias noted that it seems like the Copermittees have clearly
performed due diligence in their attempt to obtain valid sites (researching
over 300 sites) and therefore have a good argument to reduce the required
number of monitoring sites from the original 10 due to the level of effort
that has gone into site selection.

o

Pursuing a smaller number of sites will improve the success of the project by
redirecting cost savings to TAC priority research.



Deb Mosley explained that BMP monitoring will also be difficult at some of the
current sites since additional agreements will need to be reached with property
owners. This is due to the fact that the BMP monitoring will not occur at the same
location as the current receiving water monitoring.



Jo Ann Weber questioned if keeping all 4 reference sites is warranted. The group
generally agreed to keep all 4 since the cost associated with those sites is relatively
low. The smaller reference sites are relevant since they are closer in size to the
development sites. Andy Collison stated that no flow data is still a result – this data
is particularly interesting during big rain storms. Jim Nabong questioned the
potential to do less geomorphic assessments at the reference sites. Brian Haines
agreed because no flow would result in no change to the channel structure,
therefore a geomorphic assessment will not be warranted during a no flow year.



Jo Ann Weber questioned if keeping 4 high priority sites is warranted. Deb Mosley
indicated that Fuerte Ranch would be the best one to drop if the Copermittees
ultimately decide to reduce the number of high priority sites. Deb explained the
Fuerte Ranch development is in an urbanized area with multiple sources
contributing to the downstream channel. There is concern of too much background
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noise which could skew the analysis. Also, after another year of obtaining sufficient
data at Bear Valley, one might consider discontinuing event monitoring at this site
per the Option 1 recommendation

3.



Eric Stein indicated that he has some data (e.g. flow, antecedent moisture) from
2005/2006 that may help set monitoring triggers.



Eric Stein mentioned that California is implementing a new state-wide policy in
phases:
o

Phase 1 - CEQA process which mirrors the 404 process

o

Phase 2 - Incrementally expand regulated water bodies

Action Items

Action Item

Responsible Party

Timeline

Provide comments and score cards regarding ESA/PWA
draft scope for changes to the HMP monitoring
program.

All

By 8/13

Update Proposal with comments from TAC members

ESA PWA

September

Send updated Proposal to all TAC Members for Review
and concurrence

Deb Mosley

September

4.

Next Meeting
Date: September or October 2013
Time: TBD
Location: TBD
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INTRODUCTION

Provisions D.1.g and J.2.a of Order No. R9-2007-001 (San Diego County Municipal Storm
Water Permit) requires that the incorporated cities of San Diego County, the San Diego Unified
Port District, and the San Diego County Regional Airport Authority (Copermittees) develop a
monitoring program to evaluate Hydromodification Management Plan (HMP) effectiveness. The
goal of this project is to develop a series of tools for implementation of hydromodification
management measures and a monitoring plan that could be used to better protect the physical and
biological integrity of streams and the associated beneficial uses. This work will build on
previous HMP work in San Diego County. Specifically, this project would produce the
following:
•
•
•
•
•

Geomorphic assessments
Cross section survey and thalweg survey of monitoring locations
In-stream flow monitoring data
In-stream sediment monitoring data
Best Management Practice (BMP) facility outflow monitoring data.

The project will assess whether or not the HMP, as implemented, is effective at preventing
“increased erosion of channel beds and banks, sediment pollution generation, or other impacts to
beneficial uses and stream habitat” as a result of land development. Part 1(k) of provision D.1.g
requires that the HMP shall “include a description of pre- and post-project monitoring and other
program evaluations to be conducted to assess the effectiveness of implementation of the HMP.”
For the purposes of developing a HMP monitoring approach, an effective HMP is defined as a
program that ensures compliance with HMP design criteria and results in no significant stream
degradation beyond existing levels due to increased erosive force caused by new development.
The County of San Diego serves as the lead agency and contract administrator on behalf of the
Copermittees. The Copermittees, represented by the HMP Monitoring Subworkgroup
(Subworkgroup), will oversee the progress and technical direction of the monitoring program.

1.1

Background

Urbanization has the potential to increase impervious surfaces and reduce the capacity of
remaining pervious surfaces to infiltrate rainfall. The result is an increase in runoff rates leading
to peak discharge rates for rain events being higher for an equivalent rainfall than they were prior
to development. These increases in peak discharge rate create geomorphically significant flows
that if not controlled, would cause increased erosion in receiving water channels. This process
has been termed hydromodification. Should no mitigation be utilized, hydromodification can
result in adverse effects to stream habitat, surface water quality, and water supply. Stream
erosion and sedimentation can threaten infrastructure, homes, and businesses. Intermittent and
ephemeral streams that possess riparian and wetland habitat are at particular risk from effects of
hydromodification. In response to the effects of hydromodification, state and local agencies are
developing standards and management approaches to control and/or mitigate the effects of
hydromodification on natural and semi-natural stream courses. Successful implementation of
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these regulatory programs requires development of tools and monitoring programs to better
assess hydromodification effects and develop appropriate mitigation and management strategies.

1.2

Monitoring Approach

The proposed monitoring approach provides for a 5-year effectiveness assessment and
monitoring plan activities were selected to achieve statistical data collection requirements while
balancing regional financial constraints and highly variable scientific, regulatory, and physical
elements. The activities presented herein have been developed to answer the following questions
regarding HMP assessment:
•

•
•

Do field observations confirm that the HMP appropriately defines the flow rate
(expressed as a function of the 2-year runoff event) that initiates movement of channel
bed or bank materials?
Are mitigation facilities adequately meeting flow duration design criteria outlined in the
HMP?
What is the effect of development on downstream cross section incision and widening?

Monitoring for stream flow, in-stream sediment, and BMP facility outflow monitoring will aid in
the determination of the BMP’s effectiveness. The following HMP effectiveness validation
measures will be performed during monitoring:
•
•
•

Channel Assessments
Sediment Transport Analysis
Flow Duration Analysis

These monitoring activities were selected to achieve statistical data collection requirements
while balancing regional financial constraints and highly variable scientific, regulatory, and
physical elements. Monitoring for stream flow, in-stream sediment, and BMP facility outflow
monitoring will aid in the determination of the BMP’s effectiveness.
An iterative phased approach will be utilized in the design and implementation of the monitoring
program. Phase I will be used to identify appropriate monitoring sites, and develop, test and
finally optimize the methodology for sediment transport monitoring. The subsequent two phases
of the study will be used to expand the study to include additional sites and refine the
methodology and analytical model. The three phases of the monitoring program are summarized
in Figure 1-1 and described in more detail, below.
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Figure 1-1. Phased Monitoring Approach
Phase I of the monitoring program will be used to develop a standardized methodology for
sediment transport monitoring and data acquisition from BMP facilities during subsequent
phases of the study. This initial phase will focus on the selection of long-term monitoring sites,
geomorphic assessments, channel surveys, continuous sediment transport, and flow duration
studies to provide direct measures of HMP effectiveness. Cross section and thalweg surveys will
be taken to gather basic hydraulic measurements for the Low-Flow Threshold Calculator (BMP
sizing tool) and to develop a baseline for changes in channel form over time. Sediment transport
studies will be performed to determine whether critical shear stress is the appropriate parameter
for selecting the lower flow threshold of the geomorphically significant flow range as defined by
the HMP. Field data will be collected during the 2011-2012 Wet Weather Season 1 to determine
the best monitoring methodology. Phase II of the monitoring program will expand the Phase I
study design by adding three new monitoring locations downstream of areas of Development and
two high susceptibility stream Reference sites. Phase III of the monitoring program will expand
Phase I and Phase II efforts to include monitoring of constructed BMPs at new Development
sites, as they come on-line. Cross section and thalweg surveys of the channel will be taken for
each new site to document any changes in channels form over time.

1

The wet weather season for San Diego County is defined as October 1 through April 30 of each year.
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SITE SELECTION PROCESS

Much of the site selection criteria are based on the criteria outlined in Chapter 8 of the HMP
(Brown and Caldwell, 2011). To summarize, a total of 10 sites will be selected during Phases I
and II as part of the monitoring plan. The location of these monitoring sites should be varied to
provide geographic spatial coverage throughout Region 9 of the California Water Quality
Control Board. Six of the sites will be located in headwater drainages downstream of proposed
development projects. Ideal development sites will span a variety of project sizes (e.g. <10 acres,
20-50 acres, and > 50 acres) and project types (residential, commercial, etc.). Two reference sites
will be located in the upper watershed in which no future development is currently planned.
Reference sites should also be located within watersheds that have not recently burned. Finally,
two of the monitoring sites must be located downstream of existing urbanization. Urbanized sites
should be located within the middle watershed between headwaters and low-gradient coastal
plain and positioned on a tributary of a “main” creek.
Additional site selection criteria were suggested by Copermittee members and the
Subworkgroup. Sites located on public property were given preference to private properties due
to potential access logistics. Soil and vegetation types were also examined to ensure inter-site
variability. Finally, sites were located in different watersheds when possible to provide large
scale variation in climate, vegetation, and topography.
A variety of information was compiled to assess how the potential monitoring sites meet the
criteria identified above. Site location, project size and development type were extracted where
applicable from the various documents, spreadsheets, and shapefiles provided by Copermittee
and Technical Advisory Committee (TAC) members. Shapefiles for parcel information,
watersheds, soils, and vegetation were downloaded from the San Diego Geographic Information
Source (SanGIS) Data Warehouse (SanGIS, 2011). Additional watershed and land use
information, such as site specific drainage area and percent impervious surfaces, were compiled
using StreamStats (United States Geological Survey [USGS], 2011). A master database of this
information was developed in Excel and later imported to ArcGIS (Environmental Systems
Resource Institute [ESRI], 2011) for geospatial analysis.

2.1

Monitoring Locations

The geographical locations studied include various coastal, foothill, and mountain areas of San
Diego County. Channels with various susceptibility ratings (HIGH or MEDIUM) as determined
from the Southern California Coastal Research Project (SCCWRP) screening tools will be
studied. For Phase I, two reference monitoring sites were located in the headwaters in watersheds
with no planned development (1 in a HIGH susceptibility stream and 1 in a MEDIUM
susceptibility stream). Monitoring these two sites will assess if there are effects further
downstream from developments with >40% impervious area. They will assist in justifying and
modifying the urban infill exemption. The reference monitoring site associated with each
channel susceptibility type will be located in a watershed for which no upstream development
(existing or future) is anticipated. Data from the reference sites can be used to supplement preproject condition data obtained at the replicate sites, since the amount of pre-project condition
data that can be obtained at such sites is dependent on the land development process.
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Phase II of the monitoring program expanded the Phase I study design by adding four new
monitoring locations downstream of areas of development and two new reference sites.
Monitoring at one development site was recommended to be discontinued. Phase III expanded
monitoring to include effectiveness assessment of constructed BMPs. The flow control BMPs
coupled with the Development Sites used for in-stream monitoring were not constructed during
the 5-year study, and therefore, the flow control BMPs for those developments were not
monitored. BMP monitoring was decoupled and one BMP location, DC-11 (located near Scripps
Ranch), was instrumented for continuous monitoring to allow for collection of performancebased flow frequency and duration data within the 5-year study. Details regarding the monitoring
sites, including GPS coordinates, are described in Table 2-1.
Table 2-1. HMP Monitoring Sites
Site ID

Site Name

Site Category

Stream
Susceptibility

Latitude

Longitude

UH-1

Saratoga

Urban

High

33.085839

-117.061909

RM-1

Deer Valley

Reference

Medium

32.950881

-117.177133

UM-2

Flanders

Urban

Medium

32.898701

-117.174315

RH-1

Ramona

Reference

High

33.045939

-116.951773

Reference

Medium

32.932797

-116.974589

Reference

High

33.084383

-116.945121

RM-2
RH-2

Sycamore
Canyon
Schoolhouse
Canyon

DH-1

Otay Village

Development

High

32.642169

-116.925112

DH-2

Bear Valley
Parkway

Development

High

33.114852

-117.049314

DH-3

MDS

Development

High

33.081737

-116.840887

DH-4*

Fuerte Ranch

Development

High

32.7580

-116.9436

DC-11

DC-11

BMP

N/A

32.905519

-117.072886

*Monitoring at DH-4 was recommended to be discontinued after one year of monitoring.
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SAMPLING METHODS

Data collection protocols follow the methods included in Quality Assurance Project Plan
(QAPP) for the Effectiveness Assessment Monitoring for the San Diego Hydromodification
Management Plan.

3.1

Geomorphic Assessment

The geomorphic assessment will be conducted yearly for each site to characterize the
susceptibility of the channel, gather basic hydraulic measurements, and document any changes in
channel form over time. The geomorphic assessment is comprised of two major parts as
described below.
3.1.1 SCCWRP Channel Assessment Tool
The SCCWRP Field Manual (Bledsoe et al., 2010) will be used to assess the vertical and lateral
susceptibility of receiving channels. The domain of analysis for each monitoring site is derived
from the desk and field components of the screening tool. The preliminary domain will be
identified using the criteria defined on pg. 5 of the field manual and verified in the field during
each site visit. The final domain will identify the number of geomorphic reaches that must be
analyzed for site. A suite of field measurements will also be made to characterize the channel
bed and banks, and overall stability state. Sediment samples will be collected to characterize bed
materials. Fixed-interval pebble counts will be performed for each reach where the channel bed
is comprised of gravel or coarser material (Bunte and Abt, 2001), and channel beds comprised of
fine material will simply be noted as sand or cohesive (bed gradations are not required for
channels with D50 < 2mm).
3.1.2 Cross Section and Thalweg Surveys of the Channel
Cross-sectional and thalweg surveys will be taken to gather basic hydraulic measurements for the
Low Flow Threshold Calculator (BMP sizing tool) and to document any changes in channel form
over time. One monumented cross section will be established per reach and two benchmarks per
site. The cross sections endpoints will be located far enough from the channel banks to
accommodate future changes in channel form (even more so for channels deemed with HIGH
lateral susceptibility). Endpoints will be monumented using ½” rebar in 2.5-5’ lengths (varied
depending on soil type and landscape conditions) pounded into the adjacent floodplain/terrace
and capped with yellow rubber survey caps. Each monument will be marked with a fence post, or
the location will be noted by triangulating (distance and angle) from adjacent landscape features
(e.g., prominent trees, corner of bridge). The coordinates of each monument and benchmark will
also be recorded using mapping grade Trimble GPS units. Cross section and thalweg surveys
will be conducted using the general procedures outlined in Stream channel reference sites: an
illustrated guide to field technique (Harrelson et al., 1994); however, a Total Station will be
used, and each site survey will be closed within 0.15 feet (relatively low accuracy is needed to
document geomorphic change). Thalweg surveys will be conducted for each reach in the area
immediately upstream and downstream of the monumented cross section, with a total survey
length of at least 7 channel top widths.
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Wet Weather Event Monitoring

Wet weather monitoring will be conducted yearly throughout each phase of the project. Several
different sample collection methods as well as field data measurement techniques will be used
during wet weather events. Table 3-1 summarizes the field and laboratory parameters, and the
sampling SOPs for each site presented in this document.
Table 3-1. Water Quality and Sediment Sampling Site and Parameters
Field Parameters

Laboratory
Parameters

Medium
Susceptibility

Level, Velocity, Stream
Flow, Bedload Transport,
Turbidity
Level, Velocity, Stream
Flow, Bedload Transport

Turbidity,
SSC

BMP

Level, Velocity, Stream
Flow

Site Type
High
Susceptibility

Sampling
SOPs

Appendix
A

N/A

The mobilization criteria for wet weather monitoring was a minimum of 0.20 inch of rain
forecast by the National Weather Service (NWS) with a 70% probability of precipitation
Quantitative Precipitation Forecast (QPF) within a site’s tributary drainage area. However, it was
determined during Phase I that site-specific mobilization criteria were needed as several sites do
not flow without significant rainfall. The mobilization criteria for each site are described in
Section 3.2.5. For qualifying monitoring events, a combination of continuous monitoring data
and grab sample data will be collected throughout each storm event (Figure 3-1).

Figure 3-1. Summary of Field Data Collection Methods
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The field data to be collected in wet weather event monitoring include continuous monitoring of
turbidity (for sand-bed channels only), depth, and flow. Grab samples will be collected for stage,
velocity, suspended sediment concentration (SSC), turbidity, and bedload transport. The physical
and chemical parameters to be sampled during monitoring events are summarized in Table 3-2.
Table 3-2. Physical and Chemical Parameters
Parameter (source)

Type of Monitoring

Frequency of Monitoring

Flow (field)

Field Measurement with Flow
Monitoring Station

Continuously during wet
weather season

Rainfall (field)

Field Measurement with
Rainfall Monitoring Station

Continuously during wet
weather season

Bedload Transport (field)

Field Measurement with
bedload sampler

Measurements throughout
each storm event

Suspended Sediment
Concentration (laboratory)

Analytical Laboratory

Turbidity (field)

Field Measurement with
Sensor

Turbidity (laboratory)

Analytical Laboratory

Up to 15 samples per
storm event
Continuously during storm
events
Up to 15 samples per
storm event

3.2.1 Continuous Measurements
Continuous field measurements of turbidity (at high susceptibility sites only) will be collected
using YSI 6600 meters equipped with calibrated 6136 optical turbidity probes (Figure 3-2) and
continuous level data will be collected with HOBO level loggers (Figure 3-3) mounted at fixed
locations. Equivalent continuous flow monitoring will be used quantify stormwater flows into
the BMP from the two tributary drainage areas, water levels in the bioretention basin, and
discharge from the BMP (e.g., HOBO level loggers, Global Water Fl-16 loggers, and ISCO 2150
area velocity flow modules). Installation design criteria will be determined based on specific
field conditions at each site. Continuous measurements of rainfall will be collected using HOBO
data logging rain gauges mounted at the top of galvanized posts. Rain gauges will be located at a
suitable and secure fixed monitoring location without overhead obstructions. The HOBO rain
gauges are battery-operated tipping-bucket style rain gauges that automatically record up to 160
inches of rainfall data. The rainfall data can be used to determine rainfall rates, times, and
durations. The rain gauge records in 0.01” increments and logs a time stamp for each tip of the
bucket. Therefore, any interval will be able to be selected for data analysis.
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Figure 3-2. YSI 6600 Meter with 6136 Turbidity Probe

Figure 3-3. HOBO Level Logger

Figure 3-4. HOBO Rain Gauge
3.2.2 Grab Samples
A total of up to fifteen water quality grab samples of SSC and turbidity will be collected for each
site during each event to bracket the critical flow characteristics of bedload movement over the
hydrograph (Table 3-3). During Phases II and III additional samples of SSC and turbidity may be
collected to either improve the correlation, or validate the prior correlation, depending on the
budget and assessment of the data variability. Turbidity grab samples will be used for correlating
the continuous field measurements of turbidity with the lab determined SSC and lab determined
turbidity. The paired turbidity and SSC measurements can then be plotted to generate a sitespecific rating curve (turbidity vs. SSC). Thereafter, SSC measurements can be estimated from
continuous turbidity measurements, which would include calibration of turbidity meters using
stream cross-sectional sediment sampling to correlate SSC to turbidity.
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Table 3-3. Analytical Methods for Water Quality Parameters
Analyte

Method

Reporting
Limit

Units

Holding Time

Suspended
Sediment
Concentration

ASTM D3977-97

mg/L

10

28 days

Turbidity

SM2130B

NTU

0.05

48 hours

Analytical laboratories have identified the instruments required for constituent analyses in their
own specific quality assurance/quality control QA/QC manual and standard operating procedures
(SOPs) for analytical methods employed. Table 3-4 presents information regarding sample
volume, sample container, sample preservation method, and maximum holding time for each
water quality parameter listed.
Table 3-4. Water Quality Sampler Containers, Preservation, and Holding Time
Requirements
Parameter

Sample
Volume

Sample
Container

Preservation

Preferred /
Maximum Holding
Times

Suspended Sediment
Concentration

1000 mL

Plastic bottle

Cool to 6oC
and store in the 28 days
dark

Turbidity

In-situ

Sample directly
with sensor

None

Plastic bottle

Cool to 6oC
and store in the 48 hours
dark

Turbidity

100 mL

Immediately

3.2.3 Stream Ratings
Stream ratings (stage and velocity) will be conducted over the course of the wet weather events
at both in-stream sites and the inputs to the BMP site (swale #1 and swale #2). Streamflow is
calculated by summing individual discharge measurements through pre-determined segments of
the cross section. A measuring tape (tagline) will be stretched across the stream, perpendicular to
flow, and secured on both banks of the stream. Width of the stream channel will be noted and
divided into measurable segments. The segments should be divided such that approximately five
percent and no more than 10 percent of the total flow is within any one segment. In most cases
stream cross sections would be divided into approximately 10 to 20 segments. Measuring points
should be closer together in portions of the cross section where flow is more concentrated and
where velocity or bottom irregularities are the greatest.
The materials used for the stream flow measurement include a portable meter connected via a
cable to an electromagnetic or an acoustic Doppler Velocimeter (ADV) open channel velocity
sensor (Figure 3-5). The sensor is attached to a stainless steel top-setting wading rod. To make a
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flow measurement, a tape measure will be stretched across the stream, perpendicular to flow, and
secured on both banks of the stream. The tape will be positioned so that it is suspended
approximately one foot above the surface of the water. The distance on the tape directly above
the waterline (where the water meets the bank) will then be recorded as the initial point from the
left bank looking downstream.

Figure 3-5. Sontek FlowTracker
The first velocity measurement will be made at the first point where there is adequate depth (at
least 0.2 feet) and measurable velocity. At this point three measurements will be made: water
depth, velocity, and distance from the bank (the initial point). Subsequent depth, velocity, and
distance measurements will then be made incrementally across the entire width of the channel so
that approximately 5 to 20 points are measured per site. The number of increments may vary
depending on the width of the channel. Water depth will be determined from a graduated ruler in
tenths of feet. At depths less than 1.5 feet, velocity measurements will be made at each point
along the transect by positioning the velocity sensor perpendicular to flow at 60% of the water
depth (from the surface) to attain an average velocity. For depths greater than 1.5 feet, velocity
measurements will instead be made at 20% and 80%. In order to limit the duration of the stream
ratings during variable storm flows, the velocity measurements may be limited to 60% of the
water depth to attain an average velocity for depths greater than 1.5 feet. Water velocity will be
measured in feet per second.
For the velocity meter, data from the field measurements will be entered into a spreadsheet to
calculate the stream’s cross-sectional profile from the depth and distance from bank
measurements. Total flow across the channel will be determined by integrating the velocity
measurements over the cross-sectional surface area of the stream channel. The result will be an
instantaneous flow measurement in cubic feet per second.
A rating curve (or table) is a relationship between stage (water level) and flow at a cross section
of a river. To develop a rating curve, series of instantaneous stream flow measurements will be
made at varying stages. The rating curve will be produced by plotting instantaneous flow
measurements and stage heights. Rating curves reflect the geometry of the cross section. Large
storm events or other events that alter the channel cross section may require additional stream
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cross-sectional profile measurements to shift the rating curve to the new geometry. A minimum
of six data points covering the range of expected stages is needed for an adequate rating curve.
Rating curves can be extended past the highest measured instantaneous flow using the Manning
equation (Rantz, 1982). The Manning equation is an empirical formula for steady uniform open
channel flow, or flow driven by gravity:
Q= (1.486/n) AR

2/3

S

1/2

where,
Q = Flow (ft/s)
n = Manning roughness coefficient (s/ft1/3)
A= Cross-sectional area (ft2)
P = Wetted perimeter (ft)
R = A/P = Hydraulic radius (ft)
S= Hydraulic slope (ft/ft)
Field surveys of the stream cross section and the channel geometry will be conducted in order to
compute the channel characteristics for each site. The roughness coefficient can be calculated by
using the rating curve measurements. Site specific roughness coefficients and cross section
measurements can then be used to extend the rating curve beyond measured flows. Detailed
descriptions of sampling methods for stream flow ratings are included in the SOPs in Appendix
A of the QAPP.
3.2.4 Bedload Transport
Bedload transport ratings will be conducted over the course of the wet weather events at stream
locations. Cross-sectional bedload transport ratings will be conducted with the US BLH-84
handheld wading bedload sampler with a USGS designed 1.4 expansion ratio with a standard
American Society of Testing and Materials (ASTM) 250-micron mesh size sampler bag using a
modified multiple equal-width-increment method (UWIm) developed by the USGS (Edwards
and Glysson, 1999) (Figure 3-6). Based on site-specific conditions and the changing flow
conditions during wet weather monitoring, the UWI method will be modified for each sampling
location.
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Figure 3-6. US BLH-84 Handheld Bedload Sampler
Bedload transport will be calculated by summing individual measurements through predetermined segments of the cross section. A measuring tape will be stretched across the stream,
perpendicular to flow, and secured on both banks of the stream. Width of the stream channel will
be noted and divided into evenly spaced segments. In most cases stream cross sections would be
divided into approximately 10-20 segments. The distance on the tape directly above the waterline
will then be recorded as the initial point from the left bank looking downstream.
The first measurement will be made at the first point where there is adequate depth and
measurable velocity. At this point three measurements will be made: water depth, bedload
transport, and distance from the bank. Subsequent depth, bedload transport, and distance
measurements will then be made incrementally across the entire width of the channel so that
approximately 5 to 20 points are measured per site. The number of sites may vary depending on
the width of the channel.
Each bedload measurement will be made by deploying the handheld sampler on the channel
bottom for a pre-determined time interval (30 or 60 seconds). Each measurement will require
emptying the sediment in the mesh bag into a bucket. All measurements for each cross-sectional
bedload transport rating will be composited into the same bucket for one sample for weighing.
Processing of the sediment samples will involve bagging, removal of organic debris, drying, and
weighing. Bagging of the sediment samples will occur in the field and removal of organic debris,
drying, and weighing will be done in the laboratory. The sediment samples will be elutriated to
remove the organic debris. During the process, water will be added to the samples in a clean, pretared bucket to separate the organic debris from the sediment and the organic debris removed by
decanting the water over a 300-micron sieve. Any sediment lost in the decanting process will be
captured by the sieve. After the organic material is removed, the sample will be oven dried to
103 to 105°C then removed and air cooled before weighing on a calibrated scale until a constant
weight is obtained ± 5%.
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For the handheld bedload sampling, individual bedload transport rates will be calculated and the
cross-sectional bedload discharge will be computed using the total cross section method (Bunte
et al., 2007).
Detailed descriptions of sampling methods for bedload transport ratings are included in the SOPs
in Appendix A of the QAPP.
3.2.4.1 Qualitative Bedload Measurements

Qualitative event-based bedload discharge rates can be measured with United States Forest
Service (USFS) portable bedload traps shown in Figure 3-7 (Bunte et al., 2007). The portable
bedload trap is an alternative bedload measurement option that may be effective for smaller
reference sites as a qualitative measure of bedload movement, but may suffer from organic
debris accumulation during storm flows. The portable bedload traps filled with organic debris
may influence the flow dynamics needed to capture bedload movement at higher flow rates. A
USFS portable bedload trap can be deployed at appropriate reference sampling sites with cobble
channels that do not have significant organic debris accumulation prior to storm events. The
bedload traps will be secured on the channel bottom in the thalweg to determine if cobble
movement occurs. The sediment collected after the storm will be composited into a bucket and
weighed as one sample described above in Section 3.2.4.

Figure 3-7. USFS Portable Bedload Trap
The painted grid method is another qualitative bedload measurement of event based bedload
movement. It is conducted by spray painting the channel bottom in the thalweg with non-toxic
orange paint in 2.0 ft2 plots prior to a storm event. The defined areas are then photographed
before and after the event and to provide a means to evaluate the distance rocks travelled and the
size of the grains that did or did not move. Following the event, the size of the particles and
distance the painted bedload material moved downstream during the event will be measured.
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3.2.5 Mobilization Criteria
During Phase I rollout it was noted that little information was known about how each site
responded to rainfall events. During the Phase I monitoring, several false starts were incurred at
reference sites and it was recognized that site-specific mobilization criteria would be useful for
each location to determine how much flow would occur for various sized rainfall events.
Therefore, the Army Corps of Engineers (ACOE) Hydrologic Engineering Center-Hydrologic
Modeling System (HEC-HMS 3.5) will be used to estimate the site specific storm size needed to
initiate flows sufficient for successful monitoring and to avoid false starts. The HEC-HMS 3.5
model is designed to be applicable in a wide range of geographic areas for evaluating river basin
water supply and flood hydrology, and small urban or natural watershed runoff. Hydrographs
produced by the program can be used with other software for studies of water availability, urban
drainage, flow forecasting, future urbanization impact, and other applications (ACOE, 2013). As
each sites flow monitoring data becomes available, the model will be refined to provide more
accurate data. Antecedent moisture conditions will also be used to provide additional data for
determining mobilization criteria.
Different size storms will be compared to determine when precipitation overcomes initial
abstraction using 0.25”, 0.5”, 0.75” precipitation events for urban sites (>20% impervious) and
1.5”, 2.0”, 2.5” precipitation events for predevelopment and reference sites. The model inputs are
readily available from the geomorphic assessments conducted during the site development
process. The inputs that will be for the model included the following:
•
•
•
•
•
•
•
•
•
•
•
•

Drainage Area (Miles2)
Length of longest flow path (m)
Valley Slope (m/m)
Estimated Channel n
% Impervious
% Forest Cover
Watercourse Length (miles)
Length (centroid) (miles)
Slope (feet per mile)
Manning’s n (average for stream course)
m (constant for SD County)
Corps Lag Time (min)

The modeled hydrographs will be run and the flow results will then be used to back calculate the
level and duration of flow > 1 inches of level (the minimum level of flow needed to collect a
velocity measurement and a bedload sample) within the stream based on the channel cross
sections and rating curve. Results will be compared to USGS Stream Stats flow predictions for 1,
2, and 5 year 24-hour precipitation events using the County Hydrology Manual Isopluvial Maps
for each site. The storm mobilization criteria are presented in Table 3-5.
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Table 3-5. Storm Mobilization Criteria
Modeled Storm Size
Peak Flow (cfs)
Site ID

Site
0.25"*
/ 1.5"

0.5"*
/ 2.0"

Storm Size Peak Flow
Level (inches)

Storm Flow Duration
>1" of Level (hours)

HEC-HMS Model Run
0.75”* 0.25"* 0.5"* 0.75”* 0.25"*
/ 2.5" / 1.5" / 2.0" / 2.5" / 1.5"

0.5"*
/ 2.0"

Recommended
Forecasted Storm
Size for
Mobilization
0.75”*
/ 2.5" (Inches/24 hours)

UH-1

Saratoga

12.54

25

37.52

12

16

19

>12

>12

>12

0.25 - 1.0

UM-2

Flanders

43

87

130

18

24

29

>12

>12

>12

≥0.75

DH-1

Otay Village

0.01

7.2

32

0.8

9

19

0

6

12

≥2

DH-2

Bear Valley
Parkway

2.1

4.22

6.32

4

5.5

7

>12

>12

>12

≥0.5

DH-3

MDS

0.3

9.9

20.7

3.1

15.5

24

4

6

10

≥1.5

RM-1

Deer Valley

0.15

1.68

6.9

1.75

4

7.6

1.25

3.5

4

≥2.5**

RH-2

Schoolhouse
Canyon

0.6

7.75

31.9

3.7

9

15

>12

>12

>12

≥1.5

RM-2

Sycamore

0.27

13.58

42

2.7

11

17

3.5

7

10

≥1.5

RH-1

Ramona

0.03

1.07

4.63

0

3.25

7.25

0

4

5.5

≥2.5**

* 0.25", 0.5", and 0.75" are used for sites UH-1, UM-2, DH-2. All other sites used higher rainfall estimates.
** Recommend discontinuing this site (small drainage area).
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Analytical Methods

Water chemistry will be sampled and analyzed using the field and analytical methods outlined in
this document. Table 3-6 outlines the analytical methods to be used, as well as any modifications
to the methods, for water quality samples to be analyzed by field personnel and/or the designated
analytical laboratory. Where available, the associated method detection limits (MDLs) and
laboratory target reporting limits (TRLs) are also provided. The analytical methods selected for
use in this study were selected based on the appropriateness of the method for the analysis of
surface water.
Table 3-6. Analytical Methods for Water Quality Parameters (Field and Laboratory)
Parameter

Laboratory

Analytical Method

Units

Target Reporting
Limits

SSC

EMA

ASTM D3977-97(2002)

mg/L

10

Turbidity

Field Staff

Field – Sensor

NTU

5.0

Turbidity

EMA

SM2130B

NTU

0.05

3.3.1 Quality Assurance / Quality Control
QA/QC for sampling processes will include proper collection of the samples in order to
minimize the possibility of contamination. All samples will be collected in laboratory supplied,
laboratory-certified, contaminant-free sample bottles.
Evaluation of sample contamination will be performed by collecting one field blank per every
site per sampling event. The field blank will be used to assess the sample collection, container,
and transport of the samples to the analytical laboratory. Evaluation of sample variability will be
performed by collecting one sample duplicate per site per event. The relative percent difference
(RPD) between sample duplicates will be assessed.
The chemistry analyses of the samples will be performed under the guidelines of the quality
assurance and quality control programs established by the state-certified laboratory.
3.3.2 Sample Handling
In the field, all analytical samples will be placed on wet ice or frozen ice packs until shipment.
Identification information for each sample will be recorded on field data sheets (Appendix A)
and chain-of-custody forms (Appendix B). Samples that are not processed immediately in the
field (using field instrumentation) will be labeled with the water body name, sample location,
sample number, date and time of collection, sampler’s name, and method used to preserve
sample (if any). Samples will be handled, prepared, transported, and stored in a manner so as to
minimize loss, misidentification, contamination, and/or degradation.
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Table 3-7. Water Quality Sampler Containers, Preservation, and Holding Time
Requirements
Sample
Volume

Parameter
Turbidity
Suspended Sediment
Concentration
Turbidity

In-situ
1000 mL

100 mL

Sample
Container

Preservation

Preferred /
Maximum Holding
Times

Sample directly
with sensor

None

Plastic bottle

Cool to 6oC
and store in the 28 days
dark

Plastic bottle

Cool to 6oC
and store in the 48 hours
dark

Immediately

Samples will be shipped on ice and in insulated containers (e.g., insulated cooler). All caps and
lids will be checked for tightness prior to shipping. Ice chests will be sealed with tape prior to
shipment. Efforts will be taken to minimize the leakage of any melted ice from the sample
shipment container. It will be assumed that samples in a sealed cooler are secure regardless of
method of transportation to the selected analytical laboratory. The collected samples are to be
delivered to the laboratory for analyses as soon as practicable. Any delay in the receipt of the
samples by the laboratory could necessitate a re-sampling and analysis effort.
EnviroMatrix Analytical, Inc. (EMA) analytical laboratory will be performing the laboratory
analyses for SSC and turbidity. This lab is located at:
4340 Viewridge Ave # A
San Diego, CA 92123
Weston will be performing the processing of bedload sediment samples. This lab is located at:
5817 Dryden Place, Suite 101
Carlsbad, CA 92010
3.3.3 Chain of Custody
Chain-of-custody forms will be completed for each sample and accompany the samples to the
appropriate laboratories. Samples will be considered to be in custody if they are:
•
•
•

In the custodian’s possession or view,
Retained in a secured place (under lock) with restricted access, or
Placed in a container and secured with an official seal such that the sample could not be
reached without breaking the seal.

Chain-of-custody procedures will be used for all samples throughout the collection, transport,
and analytical process. Chain-of-custody procedures will be initiated during sample collection. A
chain-of-custody record will be provided with each sample or group of samples. Each person
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who will have custody of the samples will sign the form and ensure the samples will not be left
unattended unless properly secured.
Documentation of sample handling and custody includes the following:
• Sample station identification;
• Signature of the collector;
• Date and time of collection;
• Sample type;
• Number of containers;
• Parameters requested for analysis;
• Signature of person(s) involved in the chain of possession;
• Dates of possession; and,
• Pertinent comments and/or remarks.
Completed chain-of-custody forms will be placed in a plastic envelope and kept inside the
container containing the samples. Once delivered to the analytical laboratory, the person
receiving the samples will sign the chain-of-custody form. The condition of the samples will be
noted and recorded by the receiver. Chain-of-custody forms will be included in the final reports
prepared by the analytical laboratories and are considered an integral part of the report.

3.4

Instrument Testing, Inspection, Maintenance, and Calibration

A maintenance log form will detail the dates of instrument and sampling gear inspection, battery
replacement, dates that reagents and standards are replaced, and any problems noted with
instruments, samplers, or reagents. Table 3-8 provides a summary of the records that will be kept
by Weston for inspection and maintenance of instruments and supplies is as follows:
Table 3-8. Inspection and Maintenance Records of Instruments and Supplies
Instrument

Activity

Responsible
Person

Frequency

HOBO rain gauge*

Inspection of bucket
& battery check

Field monitoring
personnel

Prior to and following
each sampling event.

HOBO level logger**

Inspection of probes
& battery check

Field monitoring
personnel

Prior to and following
each sampling event

YSI 6600 meter

Inspection of probes
& battery check

Field monitoring
personnel

Prior to and following
each sampling event

SonTek FlowTracker
Acoustic Doppler
Velocimeter (or
equivalent)

Inspection of probes
& battery check

Field monitoring
personnel

Prior to and following
each sampling event

*Equipment installed at each site in September 2013 (Phase II monitoring efforts).
**Equivalent continuous flow monitoring equipment will be used at the BMP site.
The field personnel will ensure quality performance of the YSI 6600 meter field measurements.
The YSI 6600 meter with 6136 Turbidity sensor will be calibrated against standards according to
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the following schedule. Calibration and daily maintenance records will be recorded on a meter
calibration form. A notation will be made in the field notebook to indicate that the calibration
was performed. The frequency of calibration is given in Table 3-9.
Table 3-9. Instrument Calibration and Frequency
Conventional Water Quality Parameters
Equipment Type

Calibration Frequency

YSI 6600 meter with 6136
turbidity probe
(nephelometer)

Every sampling day (preand post-sampling)

3.5

Standard or Calibration Instrument Used
Two Turbidity standards will be used –
0.0 NTU and 126 NTU.

Data Management

All data generated by this program with the required QA information and associated metadata,
will be stored at the County of San Diego. The contract laboratory’s records pertinent to the
program will be maintained at the contract laboratory’s main office. Copies of all records held by
the contract laboratory will be provided to the Copermittees and stored in the Copermittees
archives.
The Subworkgroup, on behalf of the Copermittees, will meet regularly to review results from the
monitoring program and make any appropriate adjustments to ensure the utility and integrity of
data collected.

3.6

Health and Safety

Wet weather sampling events have the potential for dangerous situations. Field personnel need to
be aware of safety hazards and need to take appropriate precautions. A health and safety tailgate
meeting will be held prior to the occurrence of any on-site activity. During this meeting, sitespecific hazards will be discussed and addressed appropriately.
Wet weather conditions increase slipping and tripping hazards, braking distances of vehicles, and
the potential for slippage or handling difficulties of field equipment. Rain fills holes and
obscures trip and fall hazards. Tools and personnel can slip on wet surfaces. Rain and wet
conditions may decrease visibility, increasing potential for driving accidents, and may limit the
effectiveness of certain direct-reading instruments.
Additionally, rapidly flowing water in urban channels can result in injury from mobilized debris.
Field personnel should take extreme caution when entering a flowing channel during a storm
event. Personnel safety is a concern when entering the creek during storm flows to conduct
bedload ratings and stream ratings. The highest velocity observed to safely sample in the channel
is approximately 5 feet per second, but is very site dependent. Having knowledge of the flow
characteristics during certain sized storms would be useful for informing field teams of which
conditions would be warranted for no-go decisions. Harnessing is highly recommended and
egress techniques should be discussed during the pre-monitoring safety meetings.
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The data collected under this program will be used to answer the following questions regarding
HMP assessment:
•

•

•

Do field observations confirm that the HMP appropriately defines the flow rate
(expressed as a function of the 2-year runoff event) that initiates movement of channel
bed or bank materials?
Since most of the sediment transport modeling prepared as part of the HMP development
relied on laboratory flume data, it is important to supplement the sediment transport data set
with field observations. These data may be used in the next permit cycle to determine
whether critical shear stress is the appropriate parameter for selecting the lower flow
threshold of the geomorphically significant flow range.
Are mitigation facilities adequately meeting flow duration design criteria outlined in the
HMP?
Observed HMP mitigation facility outflow data can be analyzed to determine if mitigation
facilities are reducing the mitigated post-project peak flow frequency and flow duration
curves to the pre-project curves (within tolerances set forth in the HMP). These data can also
be used to analyze the precision of Low Impact Development (LID) sizing factors and
extended detention facility design criteria and to potentially recommend changes to more
closely match the mitigated post-project curves to pre-project condition, peak flow frequency
and flow duration curves.
What is the effect of development on downstream cross section incision and widening?
Since the mitigation of accelerated channel degradation as a result of development is the
central purpose of the HMP, analysis of channel cross sections downstream of development
projects is a component of the monitoring plan. However, uncertainties involved with this
comparison tool (namely the determination of pre-project condition trends regarding channel
incision and channel widening rates that might result from historic land uses or from
infrequent but high magnitude disturbances such as fires) make the policy determinations less
likely within the time frame of the 5-year monitoring plan (as compared to sediment transport
modeling and flow duration modeling detailed in the previous two questions).

4.2

Reporting

Project reports will be prepared as directed by the County of San Diego.
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Wet Weather Field Data Sheet
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APPENDIX B
Chain-of-Custody Form
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