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Erosion, transport, and deposition of sediment in watersheds of coastal Southern California 

o c m  within a cascading system of upland hiUslopes, swales, channels, estuaries, and beaches 

and littoral zones. These different geomorphic zones within this interconnected system 

variably shed, move, or store sediment, sometimes in response to episodic events such as major 

storm events and wildfires. Functionally, there are important connections between the 

sediment cycle and key geomorphic and habitat values that include channel-floodplain 

connectivity, channel and bank stability, as well as estuary and floodplain management. 

Sediment-source and -transport dynamics can change considerably during, and following, 

urbanization. Typically, upland sediment availability (and transport) increases during the 

construction period, due to the additional exposure of bare soil during the grading and 

construction process, and before landscaping vegetation has stabilized the soil. The extent of 

change depends on the type of sediment exposed, position of the development within the 

landscape, and the types of storms that occur during the construction period, as well as the type 

and extent of sediment control measures implemented during construction. 

Following the construction period, upland sediment availability typically decreases to below 

pre-urban levels, as less sediment is available in the areas that have been paved or stabilized by 

landscape vegetation, and sediment pulses associated with fires are reduced with fire 

management practices. Implementing, maintaining, and refining best management practices 

(BMPs) after urbanization, however, is necessary to maintain the sediment transport processes 

which prevailed beforehand. In the absence of BMPs, impervious surfaces can cause higher 

and more fluctuating flows, which in turn may erode the streambed, resulting in an incised 

channel, an isolated floodplain, decreased bank stability, and higher rates of sediment 

transport. 

1.1 Report Objectives 

The degree to which urbanization affects sediment transport processes and rates can vary 

considerably depending on the type of urbanization and its location within the watershed, as 

well as the physical characteristics of the watershed such as geology, soils, relief, vegetation, 

fire frequency, rainfall patterns/amounts, and many other factors. 

This report describes the primary processes involved in sediment transport within the San Juan 

and San Mateo watersheds, and how these processes are expected to change following the 
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planned urban expansion within the watersheds (under the proposed B-1OM alternative). To 

the extent that other "B" Alternatives have similar or identical proposed development locations 

(e.g., the B-9 Alternative), the analyses in this report would also apply to such areas. Several 

key conditions and principles were considered in the planning process to reduce the impacts to 

sediment transport and maintain the natural sediment transport processes that support habitat 

value. These conditions and considerations are discussed throughout the report and 

summarized in Chapter 6. 

1.2 Context and Background 

This document is being prepared as part of a set of technical documents to support the 

environmental impact review for the San Juan Creek Watershed and Western San Mateo Creek 

Watershed Special Area Management Plan (SAMP) and Southern Subregion Natural 

Communities Conservation Plan/Master Streambed Alteration Agreement /Habitat 

Conservation Plan (NCCP/HCP), under which the B-1OM alternative is either the Proposed 

Project (in the case of the SAMP proposed permitting procedures for RMV lands) or is the 

proposed Habitat Reserve design and development areas alternative (in the case of the 

NCCP/MSAA/HCP). The B-1OM is a comprehensive development and habitat-management 

plan submitted by the Rancho Mission Viejo (RMV) to the U.S. Army Corps of Engineers 

(Corps) for the SAMP and to the U.S. Fish and Wildlife Service (USFWS) and California 

Department of Fish and Game (CDFG). The planned project area is located in southern Orange 

County, and includes RMV and portions of the surrounding area. Within this project area, 

urbanization is planned in several distinct and concentrated areas ('Planning Areas'), leaving 

the remaining area as designated open space. 

The B-1OM alternative also incorporates goals developed during several years of coordinated 

planning by cooperating teams drawn from RMV staff, senior consultants, and resource-agency 

staff. These efforts have led to new understandings and the development of two key 

documents which describe the bed and channel conditions and associated planning 

considerations that must be addressed in order to protect the underlying abiotic processes that 

shape the habitats of sensitive species: 

The Southern Subregion Natural Community Conservation Plan/Habitat 
Conservation Plan (Southern NCCP/HCP) Planning Guidelines, jointly 
prepared by the County of Orange, the California Department of Fish and Game, 
the U.S. Fish and Wildlife Service, scientific consultants, and RMV staff; 
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Watershed and Sub-Basin Planning Principles, San Juan/Western San Mateo 
Watersheds, Orange County, California, prepared by the NCCP/SAMP working 
group which included professionals from the U.S. Fish and Wildlife Service, U.S. 
Army Corps of Engineers, California Department of Fish and Game, Orange 
County, RMV and a coordinating consultant. 

These collaborative efforts establish salient bed- and channel-management policies, guidelines, 

and planning principles supported by the SAMP/NCCP/MSAA/HCP Working group. These 

efforts drew upon substantial field research conducted in the area by the cooperators, and are 

listed in the two documents, among others. Goals and standards for bed and channel 

conditions and sediment transport are described in the plans that identrfy hydrologic and 

geomorphic conditions essential to conserving and protecting aquatic and uplands habitats 

(PCR and Dudek, 2002) and in the Adaptive Management Plan (Appendix J to Final EIR 589, 

certified by the County of Orange in conjunction with the B-1OM as the local entitlement), and 

as carried forward into the SAMP and NCCP/MSAA/HCP. The role of sediment transport (or, 

more appropriately, changes in sediment transport) in habitat conservation planning is 

discussed below (see sections 4.2,4.3 and 4.4), and the role of protecting sources of coarse 

sediments and associated sediment transport needed to 'nourish' the beaches is considered in 

section 4.3.1. 

Incorporating bed- and channel-management guidelines, as well as habitat needs, into the 

context of flood protection is one of the goals of the planning effort. This combination is 

perhaps groundbreaking in that it can serve as a model for future projects in the region. 

Previous hydraulic analyses were evaluated to determine if the project's hydrologic impacts 

exceed the thresholds of sigruhcance from a CEQA perspective as part of Final EIR 589, and 

mitigation measures will be implemented to meet County standards. 

1.3 Approach 

Sediment delivery, transport, and export - and the associated bed and bank conditions 

providing essential habitat - are primary influences in the planning and design of a large 

project. To date, these factors have been discussed primarily in conjunction with wetland and 

stream-corridor planning/pennitting and biological resource conservation plans. 

As one indication of likely effects, Orange County requested, during the CEQA review for the 

RMV General Plan Amendment and Zone Change (GPA/ZC) application, that the modified 

universal soil loss equation (MUSLE) be applied to describe the differences in pre- and post- 

construction rates of upland sediment production. In response to this request, Phillip Williams 
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and Associates (PWA) staff used this methodology to quantitatively estimate changes in 

sediment production in response to the E4 alternative on the Rancho Mission Viejo (Stewart 

and others, 2004a)l. While the PWA study helps to provide a comparison of potential pre- and 

post-project erosion and upland sediment production, other considerations are needed to 

evaluate the role of sediment in flood protection, geomorphic conditions that shape and 

influence habitat conditions, and the associated ability to sustain viable populations of sensitive 

species. In addition, at a more fundamental level, an integrated flood- and habitat-protection 

program is a key mandate of the SAMP and Natural Communities Conservation Planning 

processes, involving several years of planning to idenbfy and maintain key ongoing processes 

and to minimize effects resulting from future land uses on channels, wetlands, and other 

aquatic resources. 

In this document, we complement and integrate work done by PWA by considering erosion, 

sedimentation, and bed conditions in a broader sense, including other aspects of the cycle of 

erosion and sedimentation. We further discuss sources of sediment (such as in-channel erosion 

or incision), response to episodic events, and specific implications of the overall design of the 

planning areas on the amount and particle-size of sediment transported. This report discusses 

how these factors will affect channel conditions, habitat needs, coarse sediment (and 'beach 

sand') supply, and other issues often not considered in evaluating sediment and sedimentation. 

It also summarizes how planning areas have been purposefully sited to reduce negative effects 

of changes in sediment transport associated with urbanization, consistent with the Basin and 

Sub-Basin Watershed Planning Principles. 

'The B4 alternative was the 'Proposed Project' considered in Final EIR 589, and was evaluated by PWA as such. 
While the B4 was the only alternative analyzed for their sediment report, PWA modeled the hydrology changes for 
several alternatives including the 5 1 0  (Stewart and other, 2004b). The BlOM alternative was developed as by the 
County of Orange as the preferred project and contains elements of both the B4 and 5 1 0  alternatives. The County 
of Orange determined that the BlOM did not result in any new significant environmental impacts not previously 
analyzed therefore the PWA analysis can still serve as a valid reference if certain considerations are made (see 
section 4.7.1 of this report). 
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2.1 Physiography and Setting 

The project area largely coincides with the boundaries of RMV, located in southern Orange 

County, just north of San Diego County and west of Riverside County. The ranch covers 

portions of two major watersheds, San Juan and San Mateo Creeks. The physiography and 

basic surface hydrologic conditions are described in the Baseline Geomorphic and Hydrologic 

Conditions report (PCR and others, 2001); ground-water conditions as they affect channels are 

discussed in the baseline ground-water report (Hecht, 2001). 

2.1.1 San Juan Creek Watershed 

The San Juan Creek watershed is located in southern Orange County, California. The 

watershed encompasses a drainage area of approximately 176 square miles, and extends from 

its headwaters in the Cleveland National Forest in the Santa Ana Mountains to the Pacific 

Ocean at Doheny State Beach near Dana Point Harbor. The major tributaries to San Juan Creek 

include (from west to east): Oso Creek, Trabuco Creek, Homo Creek, Chiquita Creek, 

Gobernadora Creek, Trampas Canyon, Bell Canyon, Verdugo Canyon, and Lucas Canyon, 

amongst other tributaries which originate in the National Forest. Most tributaries flow from 

steep canyons. As the streams flow, they coalesce and widen into several alluvial floodplains. 

Elevations in the watershed range from over 5800 feet at Santiago Peak to sea level at the mouth 

of San Juan Creek. 

The San Juan Creek watershedis bounded on the north and northwest by the San Diego Creek, 

Aliso Creek and Salt Creek watersheds, and on the south by the San Mateo Creek watershed. 

The Lake Elsinore basin, which is a tributary of the Santa Ana River watershed, adjoins the 

eastern edge of the San Juan Creek watershed. 

2.1.2 San Mateo Creek Watershed 

The San Mateo Creek watershed is located in the southern portion of Orange County, the 

northern portion of San Diego County, and the southwestern-most comer of Riverside County. 

San Mateo Creek flows 22 miles from its headwaters in the Cleveland National Forest to the 

ocean just south of the City of San Clemente. The total watershed is approximately 139 square 

miles, and lies mostly in currently undeveloped areas of the Cleveland National Forest, the 

northern portion of Marine Corps Base Camp Pendleton (MCBCP), and ranch lands in southern 

Orange County (Lang, 1998). Major (named) tributaries in the watershed include Cristianitos 

Creek, Gabino Creek, La Paz Creek, Talega Creek, Cold Spring Creek and Devil Canyon Creek. 
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Elevations range from approximately 3340 feet above sea level in the mountains of the 

Cleveland National Forest to sea level at the mouth of San Mateo Creek. 

The proposed project area includes the portion of the San Mateo Creek drainage basin within 

Orange County, including the La Paz, Gabino and most of the Cristianitos Creek watersheds, 

plus a sliver of the lower Talega Creek catchment. Approximately 17 percent of the total runoff 

in the San Mateo Creek basin emanates from these four tributaries (Larry Carlson, MCB Camp 

Pendleton, personal comm.). 

The San Mateo Creek watershed is bounded on the north and west by the San Juan Creek 

watershed, to the south by the San Onofre Creek watershed, to the west by the Santa Margarita 

watershed, and to the northeast by the Lake Elsinore watershed. 

2.2 Regional Geology 

The San Juan and San Mateo Creek watersheds are located on the western slopes of the Santa 

Ana Mountains, which are part of the Peninsular Ranges that extend from the tip of Baja 

California northward to the Palos Verdes Peninsula and Santa Catalina Island. The geology of 

the region is complex, and has been dominated by alternating periods of tectonic downwarping 

and uplift, and mass wasting and alluviation. Within the watersheds, the Santa Ana Mountains 

are composed of igneous and metasedimentary rocks of Jurassic age and younger. The exposed 

crystalline rocks in the mountainous areas are slightly metamorphosed volcanics, which have 

been intruded by granitic rocks of Cretaceous age, principally granodiorites, gabbros, and 

tonalites. 

Overlying these rocks are several thousand stratigraphic feet of younger sandstones, siltstones, 

and conglomerates of upper Cretaceous age, composed largely of material eroded from the 

older igneous and metasedimentary rocks now within the core of the Santa Ana Mountains. 

Younger sedimentary rocks of varying ages comprise the bedrock between the Santa Ana 

Mountains, their foothills, and the Pacific Ocean. Most of the project area is underlain by these 

marine and non-marine sandstones, limestones, siltstones, mudstones, shales, and 

conglomerates, many of which weather, erode, and/or hold ground water in characteristic 

ways. Overlying them are Quaternary stream and marine terraces, and Holocene stream 

channel deposits. 
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During the past two million years or so, the two watersheds have been affected by at least three 

processes which fundamentally affect sediment yields? 

Continuing tectonic uplift, typically 400 feet or more, which has left at least four 
main stream terrace levels along the major streams; 

= Downcutting of the main canyons to sea levels which have fluctuated widely during 
the global glaciations. As recently as 18,000 years ago, worldwide sea level was 
about 410 feet lower, and the shoreline was several miles further west than at 
present. San Juan, Chiquita, Gobernadora, San Mateo, and Cristianitos Creeks 
(among others) flowed in valleys graded to the depressed sea level, at elevations 
often 60 to 120 feet lower than at present. The flat valley floors now found along 
these streams were deposited as sea level rose, leaving often-sharp slope breaks at 
the base of the existing hillsides and tributary valleys which also have been filling 
during the recent geologic past.3 These fill materials are geologically young, soft, 
and prone to incision under certain conditions. 

= Development of hardpans in soils which formed under climates warmer/colder and 
drier/wetter than present. The hardpans shed and convey nrnoff to headwater 
streams at relatively rapid rates, much as if some of the ridge tops were paved. 

2 Soil types, ground-water recharge and water quality are also affected by these processes but are beyond the scope 
of this report. 
3 Large landslides in the Monterey shale and related formations in the lower reaches of these streams (and on Radio 
Tower Hill) probably occurred during low stands of sea level, when the major streams cut deeper and further into 
the bedrock hills; these slides are relid features which do not add to present-day sediment yields, except where parts 
of the slide masses may be actively moving or incising. 

205069 Sediment report update 6-24-05 Final.doc 7 
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3. PRIOR WORK AND SOURCES 

Numerous erosion- and sediment-related studies have been conducted for the San Juan and San 

Mateo Creek watersheds and vicinity. These studies range from watershed-scale resource 

studies to more narrow technical investigations of slope stability or hydrology. The following 

is a description of the studies most pertinent to this report; a more complete list of references 

cited is found in Chapter 7. 

PWA (Stewart and Haltiner, 2004b) modeled the potential change in hydrology to several 
proposed planning alternatives, including the B-4 and B-10. They also used the MUSLE to 
quanbfy changes in upland sediment production in response to the B-4 alternative on RMV 
(Stewart and others, 2004a). 

GeoSyntec Consultants (2005) prepared a Water Quality Management Plan for the Rancho 
Mission Viejo, describing potential water quality, water balance, and hydromodification 
impacts due to urbanization, and plans for reducing these impacts. 

KEA Environmental, Inc. (1998) compiled a summary of baseline conditions in the San Juan 
Creek watershed for the U.S. Army Corps of Engineers Los Angeles District in 1998. 

PCR, PWA, and Balance Hydrologics (2001) described the baseline geomorphic and 
hydrologic conditions within RMV. 

Simons, Li & Associates, Inc. (1999), prepared hydrology and sediment transport studies for 
the U.S. Army Corps of Engineers' San Juan Creek Watershed Management Study in 1999. 

R. Daniel Smith and his colleagues at the Army Corps of Engineers Waterways Experiment 
Station recently completed assessments of riparian ecosystem integrity in the San Juan and 
San Mateo Creek watersheds (Smith, 2001; Smith and Klirnas, 2003). 

Soils mapping for Orange County and the western part of Riverside County was published 
by the U.S. Department of Agriculture Soil Conservation Service (now the Natural 
Resources Conservation Service) in 1978. Soil mapping was published for San Diego 
County in 1973. 

Prof. Stanley Trirnble (1997) at UCLA has carried out a long-term study of channel erosion 
and sediment yields in the San Diego Creek watershed, adjacent to San Juan Creek. 

= During the early 1980's, the U.S. Forest Service Glendora Research Station, the 
Environmental Quality Laboratory and the California Institute of Technology published a 
series of studies focusing on the factors that influence sediment yield, transport, and 
sediment management in Southern California's mountains, coastal plains, and shorelines, 

205069 Sediment report update 6-24-05 Final.doc 8 



Balance Hydrologics, Inc. 

and identified that episodic sedimentation is fundamental to foothill channels in this region 
(c.f., Wells and Brown, 1982; Wells, 1981; Taylor, 1981; Dunn, 1988; DeBano, 1988). 

Vito Vanoni, Robert Born, and Hassan Nouri (1980) conducted a detailed study of channel 
response to the January-March 1978 floods, including discussion of a sand and gravel 
mining operation along San Juan Creek. 

Slopes, slope deposits, and their stability have been assessed by Goffman, McConnick, and 
Urban (1999) as part of field investigations leading to the B-1OM alternative development 
plan adopted in the RMV GPA/ZC project plan. 

Geologic mapping and engineering geologic assessments by California Division of Mines 
and Geology staff (Morton, 1970,1974; Morton and Miller, 1981) have proven essential to 
understanding (a) response of various soil-geologic types to episodic events, (b) the 
distribution of sources of fine and coarse materials, and (c) the bedrock and hydrogeologic 
conditions that serve to stabilize channels. 

A range of additional studies describing and defining bed conditions and geomorphic 

processes required or sought for sustaining suitable habitat or protecting sensitive wildlife 

species are considered in the NCCP Guidelines, the Watershed Principles (NCCP/SAMP, 2003), 

and in PCR and Dudek (2002), among others. 

3.1 Field-based Studies Conducted 

To supplement these keystone efforts, Balance Hydrologics has undertaken several different 

types of field studies on and around the project area specific to sediment transport, including: 

Reconnaissance of bank and bed conditions on selected drainages within RMV; 

Concentrated studies on channel stability within the Gobernadora and Chiquita 
watersheds (Brown and Hecht, 2004); 

Estimates of peak flow by standard indirect procedures and baseflow measurements at 
established cross sections on drainages within RMV (initially presented as Appendix A 
of Hecht, 2001, and subsequently updated); 

Stream gaging, operated by Wildermuth Environmental and Balance, at several 
locations within the project area at which baseline peak flows and hydrographs are 
being developed. 

This field work is supported and augmented by knowledge gained through the study of aerial 

photographs, soil surveys, geologic maps, and other previous studies performed in southern 

Orange County. 

205069 Sediment report update 6-24-05 Final.doc 9 



Balance Hydrologics, Inc. 

Through these field studies and supporting background research, we have compiled an 

extensive dataset of the characteristics within RMV that drive, maintain, and otherwise affect, 

sediment transport. In this report, this field knowledge will be used to substantiate, support, 

and/or supplement the estimates of changes in sediment availability using the MUSLE method. 

3.2 Terrains 

Terrain designations are largely based on soils, geology, and topography, as these provide 

many of the fundamental factors that influence the hydrology and geomorphology 

characteristic of each terrain type. Bedrock is the raw material from which soils are weathered, 

and, as such, it determines the size and types of particles that will comprise the soil. The 

resistance of different kinds of bedrock to weathering and erosion also controls the topography 

of the landscape within a given terrain and, therefore, influences the hydrology of the 

watersheds and morphology of the drainage networks. Watershed hydrology is also strongly 

influenced by the annual and multi-year climatic patterns typical of Southern California. 

Three major geomorphic terrains have been identified by Balance staff within the San Juan 

Creek and western San Mateo Creek watersheds: (1) sandy and silty-sandy; (2) clayey; and (3) 

crystalline (PCR and others, 2002). These terrains are manifested primarily as roughly north- 

south oriented bands of different geologic and soil types. The soils and bedrock that comprise 

the western portions of the San Juan Creek watershed (i.e., Oso Creek, Arroyo Trabuco, and the 

lower third of San Juan Creek) contain a high percentage of clay. The soils typical of the clayey 

terrain include the Alo and Bosanko clays on upland slopes and the Sorrento and Mocho loams 

in floodplain areas. In contrast, the middle portion of the San Juan basin, (i.e., Caiiada Chiquita, 

Gobernadora Canyon, and the middle reaches of San Juan Creek) is a region characterized by 

silty-sandy substrate that features the Cieneba, Anaheim, and Soper loams on the hillslopes and 

the Metz and San Emigdio loams on the floodplains. Within these sandy and silty areas are 

erosional remnants locally overlain by between 2 and 6 feet of exhumed claypan or hardpan. 

The upstream portions the San Juan Creek watershed, comprising the headwaters of San Juan 

Creek, Lucas Canyon Creek, Bell Canyon, and Trabuco Creek, may be characterized as a 

"crystalline" terrain because the bedrock underlying this mountainous region is composed of 

igneous and metamorphic rocks. Here, slopes are covered by the relatively coarse-grained 

Friant, Exchequer, and Cieneba soils, among others, while stream valleys contain deposits of 

gravelly and cobbly sand. 
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4. FINDINGS 

This chapter describes the types of analysis undertaken to support and supplement the MUSLE 

sediment transport work by PWA (Stewart and others, 2004a), which discusses the process and 

results of the sediment supply rate comparison of pre- and post-development conditions. The 

following sections put these results in a broader context, addressing other sources of sediment 

as well as distinguishing types of sediment transport. They also address how geomorphic 

principles applied at the landscape and project scale have been implemented to reduce the 

negative effects of urbanization on sediment and bed conditions. 

4.1 The Modified Universal Soil Loss Equation (MUSLE) 

The universal soil loss equation (Wischmeier and Smith, 1965) was originally developed to 

quanbfy soil loss from cultivated fields, but is also commonly used to assess changes in erosion 

rates on a watershed scale in response to changes in land cover or land use. Orange County 

recommended the use of the modified universal soil loss equation (MUSLE; Williams, 1981) as 

an index quanhfying the change in sediment production within the proposed project area in 

response to planned urbanization. The results of this study are summarized in a separate 

document (Stewart and others, 2004a). 

The results of the MUSLE analysis reflect an important portion of the upland sediment 

production within the watershed. The factors used in the MUSLE method, by definition, 

consider mainly sediment production under 'normal' conditions, and explicitly do not consider 

erosion or sediment transport associated with episodic events such as landslides or mudflows, 

and other watershed disturbances such as wildfire. In the predominately intermittent streams 

of Southern California, however, much or most of the sediment transport occurs in response to 

these episodic events and, increasingly, watershed disturbance (see also section 4.3). 

The numbers derived using the MUSLE method quanbfy (to some extent) the amount of 

upland soil lost from sheet and rill erosion, but do not directly correlate to stream sediment 

yield (Wischmeier, 1976). A portion of the soil eroded from the slope segments is deposited 

downslope, accumulating in alluvial storage areas without reaching the main stream channel. 

Additionally, some sediment may reach the channel system but is stored in the channel or 

riparian corridor. Conversely, bank erosion or incision of channels can release much additional 

sediment into the stream system, sometimes several times the MUSLE background rate if the 

watershed hydrology changes substantially. Releases from or storage in the channel comdor 

may also account for differences between MUSLE-derived numbers and actual measurements 

of sediment transport or of reservoir sedimentation. 
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The MUSLE method also does not normally include an analysis of the cyclic sediment 

production associated with urbanization. Upland sediment erosion is typically reduced 

following the construction phase, as much of land surface is covered with pavement or 

stabilized by landscape vegetation. However, urbanization sometimes increases sediment yield 

further downstream within the watershed, as channels adjust to new hydrologic conditions, 

causing incision and bank erosion. Channel adjustment is occurring in Gobernadora Canyon, 

Trampas Canyon and elsewhere within the project area related to existing upstream land uses. 

The incision associated with these 'hydromodification effects' must reasonably be considered 

separately from the MUSLE analysis (see sections 4.5 and 4.6; and GeoSyntec, 2003; 2005). 

Because of the timescale and variability of the sediment transport processes not included in a 

MUSLE analysis, it is difficult to provide quantitative estimates of sediment transported by all 

the relevant geomorphic processes. It is possible, however, to qualitatively describe how these 

processes relate to upland sediment production (as estimated by MUSLE), and estimate the 

likely percentage of sediment transport that is covered by the MUSLE method. These 

relationships are discussed in the sediment transport process sections below. 

In summary, the MUSLE method provides a useful comparison of the relative potential change 

in base erosion rates of uplands in response to land-use change following urbanization, but 

consideration should be made for sources and sinks of sediment, and processes of 

sedimentation and erosion, not covered by MUSLE analysis. Further, as noted below, other 

metrics may prove more si@cant than MUSLE volume calculations in assessing sediment 

status and bed conditions. 

4.2 Sediment Transport Needs of Aquatic Species 

In conjunction with the 'coordinated process' involving the NCCP/MSAA/HCP, SAMP and 

the GPA/ZC, leading local biologists prepared a report addressing geomorphic and hydrologic 

processes that must be considered in long-term habitat conservation planning (PCR and Dudek, 

2003). Although the Geomorphic and Hydrologic Needs report addresses the habitat needs of 

listed aquatic/riparian dependent species only, these species are effectively surrogate planning 

species for the general range of aquatic/riparian habitat systems in the study area because the 

listed species habitat needs reflect a broad spectrum of habitat considerations. 

The following is a short summary of most pertinent habitat needs of sensitive species that either 

occur onsite (arroyo toad, least Bell's vireo, and southwestern willow flycatcher), have the 

potential to occur in the future in San Juan Creek (southern steelhead), or occur downstream of 

RMV in the San Mateo watershed (southern steelhead and tidewater goby) as they relate to 
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sediment transport processes. For a thorough discussion of the habitat needs for the five 

sensitive species, see the PCR/Dudek report (2003). 

Arroyo Toad: 

o use sandy and gravelly sediment produced in upland catchments and 
deposited in bars within the streams for breeding and foraging habitat. 

o depend on periodic scouring flows and mass movements/debris flows 
for maintaining and regenerating breeding habitat. 

Least Bell's Vireo: 

o occupy unobstructed, flood-prone areas that are periodically scoured by 
episodic flow events. 

Southwestern Willow Flycatcher: 

o utilize broad, stable terraces for habitat. 

Tidewater Goby: 

o can not tolerate excessively high levels of fine sediments4, as this could 
result in mortality of eggs or juveniles by burying spawning areas, by 
depleting oxygen, or by constraining access of spawners. 

Southern Steelhead: 

o spawn in gravelly substrate streams having pool-riffle morphology; 
these gravels must be relatively free of fine sediment, with adequate 
interstitial space incubation and oxygenation of the eggs. 

o use pools and cover created by logs, logjams and other organic debris as 
rearing habitat, allowing them to grow before they out-migrate to the 
ocean; riparian corridors must be sufficiently wide to grow the large 
trunks needed to regularly provide the raw materials for logjams, which 
often last only for 5 or 10 years before decaying. 

Many of the processes listed above are further detailed in the sections below. Planning 

principles have been implemented to avoid or substantially minimize negative effects to the 

aquatic/riparian habitats of these sensitive species (see sections below for specific planning 

measures). 

4 In this context, fine sediments are the clays, silts, and finest sands transported fully in suspension by the streams, 
then deposited in the flat-water environment of the lagoons used by the tidewater goby for spawning. 
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4.3 Sediment-size Considerations 

Early assessments of bed conditions and water quality in the proposed project area identified 

four key goals related to sediment size: 

1. While limiting erosion and additional sediment transport are sound goals, 
maintaining a supply of sand and fine gravel is important both for sustaining the 
habitat of arroyo toads and other sensitive species, and ultimately for discharge 
into the beach sand littoral system. 

2. A reduction in fine sediment transport or deposition on the bed of the stream is 
seen as a benefit to channel, riparian, habitat functions and values in general, 
and will be consistent with conservation goals for the arroyo toad, tidewater 
goby, least Bell's vireo and other listed or sensitive species. 

3. A reduction in fine sediment will reduce concentrations of use- and habitat- 
impairing biostimulatory nutrients and trace metals, particularly in winter 
baseflows (Orange County database; Ballman and others, 2001). 

4. Turbidity is directly correlated with erosion and transport of fine sediment. 
Reductions in the supply of fine sediment entering the stream system will 
directly reduce ambient turbidity during all storm runoff conditions, both winter 
and summer, reducing or eliminating impacts to aquatic environments. 

Urban and open-space development under the B-1OM alternative has been planned with the 

duel goal of reducing excessive generation of fine sediment while also maintaining the 

transport of sand and fine gravel to sustain sensitive-species habitat and help sustain beach 

sand supply. The basis for these dual goals and the approaches to be used to attain them are 

described in the following sections5. These sections qualitatively describe the anticipated 

effects that urbanization and other proposed land-use changes may have on coarse- and fine- 

sediment supply, and the relative benefits and/or detriments of each. 

4.3.1 Coarse sediment 

Medium-grained sand and fine gravel are of particular interest in the San Juan and San Mateo 

watersheds, as these are the types of sediment that are most important for in-stream habitat 

value, stream channel stability, and beach replenishment. 

5 The MUSLE methods requested by Orange County to evaluate sediment and sediment transport for flood- 
protection considerations unfortunately do not address the sizes of the sediment eroded or transported; the analyses 
in this report can help supplement other submittals. 
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As discussed in section 4.2, coarse sediment is an important component of the riparian habitat 

used by arroyo toad and other sensitive species. As an example, Arroyo toad occupy diverse 

habitat areas over their life cycle, ranging from in-channel and overflow pools, to open 

sand/gravel bars, to sandy oak/willow terraces. They depend on a periodic influx of coarse 

material to maintain these geomorphic features, along with the scouring and vegetation- 

clearing functions of the large flows associated with the influx of coarse sediment. PCR and 

Dudek (2002) provide a detailed description of the importance of coarse sediment to Arroyo 

toad and other sensitive species habitat. 

Beaches along the Orange and San Diego County coast are very important ecologically, as an 

element of shoreline protection, and as a central amenity and icon of place. Both San Juan and 

San Mateo creeks contribute sand to the Oceanside littoral cell, which extends 65 miles from 

Dana Point to Point La Jolla (USACOE, 1990). Since 1958 at least eleven different sediment 

budget analyses have been developed to model beach sand processes within the Oceanside 

littoral cell (USACOE, 1991).6 These studies have identified streams as responsible for 

contributing between 16 to 61 percent of total beach material inputs, with 33 percent being the 

estimate in the 1990 and 1991 Corps of Engineers studies. The remainder of the beach material 

is contributed by erosion of seacliffs and coastal terraces. The wide range of estimates is 

probably the result of the different assumptions underlying the various sediment budget 

studies as well as actual year-to-year or decadal fluctuations in storm and wave conditions 

which entrain and deposit the material. 

The materials that contribute to beaches along the Oceanside littoral cell are small enough to be 

moved laterally along the shore by wave action, but large enough not to be washed away by 

ocean swells. The beach area to which the San Juan and San Mateo Creeks discharge is 

characterized by a bimodal grain size distribution. Approximately 15% (by weight) of the 

sediments have a diameter of about Brnm, and 30% are approximately 0.3mm in size (USACOE, 

1990). This distribution illustrates the importance of gravel (classified as sediments 4 to 64 rnm 

in size) and medium sand (0.25 to 0.5 mm) on beaches in the study area. Cobbles also have a 

substantial role in beach morphology and stability, but are relatively scarce by volume. The 

largest material tends to reside the longest on the beaches before being transported offshore. 

4.3.1.1 Identification of coarse sediment supply 

To idenhfy the areas within the two watersheds likely to have the highest potential to yield 

these coarse sediments, Balance has applied a spatially distributed modeling environment 

6 One of the most recent and comprehensive analyses, this 1991 analysis also identified that San Juan Creek 
contributes to a distinguishable and northernmost subcell, bounded by Dana and San Mateo Points. 
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within a geographic information system (GIs). The analysis recognizes that coarse sediment 

(important for habitat need. and for beach material supply) originate by two linked sets of 

processes: 

Year-to-year, chronic coarse-material delivery suitable for beach supply and valuable 
habitat, originates from easily erodible sandy and gravelly substrate. 

Episodic coarse-material delivery, such as following fires, floods, or landslides, 
contributes pulses of coarse sediment to the channel (and beaches), but also to 
floodplain storage sites, from which the materials can subsequently be metered out as 
part of the year-to-year contributions resulting from smaller-scale storms (Hecht, 1993; 
Inman and Jenkins, 1999). 

While both sources are volumetrically important in terms of coarse-material supply (c.f., Wells, 

1988; Taylor, 1981), the processes by which they deliver sediments differ. To estimate chronic 

coarse-material sources, we considered four factors associated with soil type and geology. Each 

factor was used as a filter through which to screen out areas that are not expected to yield 

coarse sediment. These factors include: 

The inherent erodibility, 'K' factor, of the soil is given the most importance in the 
methodology. Soil erodibility is affected by the infiltration capacity and 
structural stability of the soil. Soils with a high infiltration capacity and low 
structural stability are more likely to erode. Sandy soils with a high K factor are 
considered an important source of sand while clay soils with low erodibility are 
less likely to yield medium- to coarse-grained sediment. 

Slope is the second filter through which we identified beach sand supply areas. 
Areas with steep slopes have higher runoff velocity, more erosive power and 
therefore a greater capacity to deliver and transport coarse sediment to the 
stream. 

The third factor, runoff potential, identifies the infiltration rate of a soil and can 
be used to estimate runoff from rainfall. Soils with low infiltration rates 
(group D) have high runoff during at least some events and are therefore 
considered to create rills, @es or incised reaches, which may transport more 
sediment (both coarse and fine) to the local master streams, and thence to the 
beach. Group A soils presently have a high infiltration rate with lower runoff. 

The lithology of the soil parent material also influences whether an area is a 
beach sand source. Alluvium, volcanic, sandstone and crystalline bedrock types 
are more likely to produce coarse sediment as they weather or erode, whereas 
shale, siltstone, and mudstone are much less likely to produce the medium 
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grained sands and pebbles important to aquatic species and beach sediment 

supply 

The analytical approach to the terrain analysis is presented diagrammatically in Appendix A. 

The results of this analysis for the San Juan and San Mateo watersheds are shown in Figures 1 

and 2, highlighting areas of primary and moderate potential sources of coarse-sediment supply 

(shaded red and yellow respectively). The primary sources highlighted by this method are the 

alluvial deposits found in streambeds and stored on floodplains and in eroding or erodible 

terraces. These deposits contain considerable amounts of unconsolidated sand and fine gravel 

that are available for transport by the stream, and supply coarse sediment on a chronic, year-to- 

year basis (during 'typical' flow events). 

Based on recent studies of post-fire sediment management along the San Gabriel Mountains 

front (c.f., Wells, 1988; Taylor 1981; also, Table 2) and reported observations following the 

December 1958 fire (Fife, 1979) in the project area, as well as local field work and aerial 

photograph analysis conducted by Balance Hydrologics; it was concluded that the upland areas 

underlain by granitic and metavolcanic rocks supply a signhcant amount of coarse sediment to 

the streams and floodplains. This source of sand is predominately mobilized only during 

extremely intense and/or long duration storm events, like those that occurred in 1916,1938, 

1969, and 1995, or after watershed-scale fire removes stabilizing vegetation (see also section 

4.3). Much of this sand is transported to the stream mainstems and stored on the floodplains, 

where it helps maintain the habitat areas important to sensitive species and replenishes the 

chronic, alluvial beach sand sources. Hence, the ultimate sources of much of the coarse 

sediment in the San Juan and San Mateo watersheds (that is so important to channel 

geomorphology and aquatic habitat conditions) are the coarse-grained soils formed on granitic 

and metavolcanic rocks exposed in the upper portions of the watersheds. 

In order to highlight these areas of episodically-delivered coarse sediment contributing material 

to the channels and beaches, Figure 1 shows areas of steep terrain underlain by granitic and 

metavolcanic rocks (stippled pattern). These units include the Santiago Peak volcanics, the San 

Marcos gabbro, as well as undifferentiated granodiorite and tonalite. This analysis also 

included the Trabuco formation (a conglomerate) because it includes much granitic and 

metavolcanic sand, gravel, and cobbles, and is a source of coarse stream sediment (Fife, 1979). 

Additionally, there are several sandy/silty sedimentary units in the central portion of the San 

Juan and San Mateo watersheds (predominately the Santiago and Sespe formations). Erosion of 
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these formations also contributes to the sand supply stored in the side canyons (specifically 

Chiquita, Gobemadora, upper Gabino, and to some extent Cristianitos), and in the mainstem 

alluvial deposits. However, sediment generated from these units also contains sigruficant 

amounts of silt-sized particles, smaller than the size of sediment important to aquatic habitat 

and the material forming the Oceanside Littoral Cell beaches. Where the soils are suitable, 

these areas contribute light to moderate volumes of sand and silt, typically during episodic 

conditions (Morton, 1970,1974; G. Aguine, pers. cornm.), but also on a more regular basis. 

These areas, identified through the GIS analysis described above, are included in the 'moderate' 

classification (Figures 1 and 2). 

4.3.1.2 Protection of coarse sediment supply and sediment transport 

Planned urbanization under the E1OM altemative has been concentrated, to the extent 

practicable, in areas that are not primary sources of coarse sediment supply (Figure 2). Much of 

the primarily ridge-top residential development has been planned for areas that are underlain 

by finer-grained bedrock, or bedrock that is capped by fine-grained and relatively erosion- 

resistant hardpan soils. The Chiquita, Gobemadora and Cristianitos/Gabino development 

bubbles are examples of these practices. In Trampas Canyon, the development bubble is sited 

primarily in the area upstream of the existing glass sand plant, which already traps the majority 

of the sediment produced within that portion of the watershed (and essentially all of the coarse 

sediment). 

Urban areas have generally been set back from the alluvial valley floor areas adjacent to major 

streams, and urban development within smaller side-canyons has been severely restricted, such 

that the stream corridors' natural values and physical integrity have been protected. One such 

value is that the main chronic supply sources of coarse sediment will remain intact. 

Additionally, the protection of the wide stream corridors will maintain current sediment 

storage within the valleys, and allow for transport of sediment from the upper portions of the 

watershed, the ultimate source of much of the coarse material. Finally, the proposed E1OM 

altemative limits the number of in-stream structures, and where planned will consist of bridge 

pilings for larger channel cross sections and large box culverts for some smaller stream 

crossings. These features allow continuity of sediment transport in general, and avoid 

interrupting the movement of coarse sediment material to downstream reaches and the coast. 
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4.3.2 Fine sediment 

4.3.2.1 Existing conditions 

The introduction of excess fine sediment (finer than coarse sand) to a stream channel is of 

particular concern due to its potential impacts both on habitat and on sensitive species (c.f., 

PCR and Dudek, 2002). In the past much of the area within RMY was used for nurseries, truck 

crops, orchards, and stock grazing, dating back to the initial European settlement of the area. 

In addition, portions of RMY have been mined for clay (Cristianitos sub-basin). These practices, 

at least in part, have sigruficantly increased the amount of fine sediment introduced to stream 

channels by exposing bare soil to erosion by rainfall, reducing the amount of soil-stabilizing 

vegetative cover, and increasing runoff due to compaction of the soil. Today, RMV employs 

best management practices to reduce erosion from orchards such as planting on the contour 

and the planting of cover crops in between tree rows in orchards. Grazing best management 

practices follow a low/moderate grazing regime that includes a twenty-five percent dry 

residue matter standard and a rotational pattern that allows pastures to rest for extended 

periods of time. Present grazing practices, under the grazing BMPs, have been consistent with 

conditions of high biodiversity and stand in contrast with intensive grazing areas elsewhere in 

the west. 

Perhaps the greatest influence on rates of fine sediment generation, over time, has been the 

displacement of native grasses and sage scrub by Mediterranean grasses. This transition to 

non-native grasslands is generally associated with European settlement of the area, beginning 

as early as the 1700s, and is due, at least in part, to intense grazing practices associated with this 

settlement. These non-native plants lack the root systems and stormwater infiltration 

capabilities of native plant species that help reduce the generation of fine sediment, and thus 

they facilitate rapid stormwater runoff and excess erosion. 

Clay mining no longer occurs on RMV, however there is a high concentration of fine sediment 

currently emanating from the exposed former clay pits in the Gabino and Cristianitos 

watersheds. Additionally, there is a sigruficant sediment influ in upper Gabino, at the base of 

several major debris slides. 

Further, there is a large supply of sediment (both coarse and fine) that is being transported 

within Gobemadora Creek from channel erosion in the urbanized upper portion of the 

Gobemadora watershed. This sediment, primarily medium- to fine sand, has caused sigruficant 

aggradation in the stream channel within RMV, which in turn has caused the stream to jump its 
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banks and carve a new channel, eroding through deposits of sand, silt, and clay, introducing 

additional fine material into the stream. 

4.3.2.2 Limiting generation of fine sediment 

The RlOM alternative follows several of the Baseline Conditions Watershed Planning 

Principles (NCCP/SAMP, 2003) intended to reduce the amount of fine sediment to the stream 

channels: 

1. Urbanization footprints for the project area are sited on areas of the watersheds 
that are currently generating sigdicant yields of fine sediment. Covering these 
areas with impervious surface and landscaping vegetation will reduce the 
amount of fine sediment eroded from these areas. Specifically, the clay hardpans 
on the ridges east of Chiquita and Gobemadora Canyons, as well as the clay pits 
area of the Cristianitos/lower Gabino watersheds are planned for urban 
development. 

2. Continuation of the current grazing best management practices will continue to 
minimize the impact of grazing to sediment inputs. 

3. Native upland vegetation restoration in some areas of the watersheds 
characterized by clay soils will reduce fine sediment generation. 

4. Riparian vegetation restoration will increase bank stability of the streams and 
increase the buffering capacity of the channels for both flow and sediment. 

5. Soil stabilization measures, along with upland vegetation restoration, are 
proposed to address existing conditions in the upper Gabino watershed. 

6. A modulation basin has been proposed to be placed in Gobemadora Canyon just 
downstream of the Coto de Caza project. This basin is intended to reduce the 
unnaturally high sediment transport within the tributary by both trapping 
sediment from upstream and modulating stormflows emanating from the upper 
watershed to reduce downstream erosion effects. It is expected that the basin 
will substantially reduce the amount of sediment being transported in 

Gobemadora Creek (both coarse and fine), a reduction that is needed to reduce 
existing urban impacts to the Gobernadora Ecological Restoration Area (GERA), 
located in lower Gobemadora Canyon within the project area. 
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4.3.3 Sediment size and the MUSLE method 

The MUSLE method does not distinguish between coarse- and fine-sediment generation. This 

is a sigruficant limitation in that the benefit or detriment of the addition or loss of sediment 

availability depends on the size of the sediment. For example, a reduction in fine sediment 

(~0 .25  millimeters) is often seen as a benefit, especially in areas that have an unnaturally high 

pre-urban rate of fine sediment. A reduction in coarse sediment, however, could have a 

sigruficant negative impact on habitat value or beach sediment supply. Ideally, urbanization 

would be planned to reduce the generation of fine sediment, and maintain the production of 

coarse sediment within the watersheds (see sections 4.3.1.2 and 4.3.2.1 above). 

4.4 Episodlcity 

The MUSLE method of assessing changes to sediment transport only considers changes under 

'normal' conditions. However, sediment transport in semi-arid and arid climates is heavily 

dependent on episodic events, such as wildfires and debris flows. Many of the streams within 

the study area are intermittent, and all are episodic. Concepts of "normal" or "average" 

sediment-supply conditions have limited value in this "flashy" environment where episodic 

storm and wildfire events have enormous influence on sediment conditions. Many of these 

channels are usually dry, or are actively adjusting to lower flows than the last major event, 

which may have occurred many years before7. In the semi-arid, Mediterranean-type climate of 

southern California, large sediment movement events can occur in a matter of hours or days. In 

many of these channels most sediment is moved-and most bed changes occur-during the 

large storms which may be expected every 5 to 15 years (c.f., Kroll, 1969; Hecht, 1993; Inman 

and Jenkins, 1999). 

Figure 3 highlights the episodicity of sediment transport in San Juan Creek at San Juan 

Capistrano. In any given year, over half of the sediment is transported during highest one 

percent of flow in the year. In addition, year-to-year trends in sediment transport vary by 

orders of magnitude, with the majority of the sediment transported in three years (1978,1980, 

and 1983) over the eighteen-year record. 

According to accounts of unpublished U.S. Forest Service data on the fire history of the upper 

San Juan watershed, the greatest historic fire experienced prior to 1978 was the Steward Ranch 

fire, which occurred in December 1958 and burned roughly 76 percent of the upper San Juan 

watershed above the confluence with Bell Canyon (Fife, 1979; see also fire maps within the 

7 Actively adjusting channels may be aggrading, incising, expanding or otherwise changing channel dimensions, 
depending on the magnitude, type, and various effects of the episodic event. 
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Southern Sub Regional Wildland Fire Management Plan, Appendix K of Final EIR 589). After 

the 1958 fire the chaparral did not fully re-grow until 1968, and had the large floods in 1969 

occurred in 1959, runoff and sediment yield during that event would probably have been even 

higher than the already-high levels experienced. This illustrates not only the importance of 

episodic events but the connection and interaction between different types of extreme events. 

A reasonable estimate of the recurrence interval for remote wildland fires in Southern 

California chaparral is about 25 to 35 years (Fife, 1979; Calcarone and Stephenson, 1999). 

Following further development of the watershed, the frequency with which fires occur in 

National Forest land is unlikely to change. An aggressive fire prevention and suppression 

program is, however, planned for the development bubbles (Appendix K of Final EIR 589). 

Wildfire in adjacent areas will be controlled through the application of the Prescribed Fire 

Program (Appendix K of Final EIR 589). 

4.4.1 Plannina considerations for e~isodicitv 

Episodic sedimentation is usually important to maintain streambed conditions, and is of 

particular importance in sustaining habitat value and the bed mosaic required by least Bell's 

vireo, arroyo toad, and other species of concern. Episodic events are also vital in maintaining 

the mix of open channel and vegetated banks most likely to convey high flows with minimum 

bank erosion or channel disturbance. With appropriate planning, these events also have a basic 

role in channel restoration (Hecht, 1993). Anticipating episodic events and their effects is a 

sigTuficant available vehicle for integrating the 'flood protection' and 'habitat protection' 

aspects of channel management, as outlined in the project goals. 

The B-1OM alternative allows this episodic role to persist as follows: 

The two canyons within RMV that include the generation and transport of major 

sources of coarse sediments (see Figures 1 and 2), Verdugo Canyon and La Paz Canyon 

are protected to provide unimpeded sediment generation and transport (sediment 

movement downstream of the confluence and La Paz and Gabino is assured through the 

protection of both sides of middle Gabino and the protection of the wide, braided 

channel of lower Gabino) 

Sediment generation and transport in areas with moderate potential (erodible 

sandy/silty soils) are protected by leaving at least one whole side of the Chiquita, 

Gobemadora, Narrow, Cristianitos, and Gabino watersheds with intact natural slopes 

draining directly into these channels. 
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No new at-grade roads will be constructed in San Juan and lower Cristianitos Creeks, 

allowing for continued transport of coarse sediment and channel adjustment of these 

major channels. Additionally, the existing crossing in lower Gabino will be upgraded 

from a pipe culvert to a box culvert, and the existing Cow Camp Road crossing in San 

Juan Creek will be retrofitted for better fish passage. 

Not only will sediment continue to naturally enter these channels from upslope areas during 

(and following) episodic events, but the general lack of infrastructure and proposed 

improvements to existing infrastructure facilitate managing these areas for continuing episodic 

contributions of sediment. 

4.4.2 Episodicity and the MUSLULAD methods 

Simons, Li & Associates (1999) estimated sediment production for the upper San Juan and 

Arroyo Trabuco watersheds using both the MUSLE and Los Angeles Debris (LAD) method. 

The LAD method was designed for use in the steep San Gabriel Mountains, and applies a fire 

factor intended to incorporate (at least partially) episodic events. The SLA comparison showed 

that LAD estimates of sediment production are 137 to 190 percent higher than estimates 

derived from the MUSLE method, and gives a broad estimate of additional sediment 

production in response to episodic events (Table 2). 

4.5 Regional Sediment Transport 

Studies in which suspended (and sometimes bedload) sediment are sampled typically lead to 

the development of a sediment rating curve, such as the ones shown in Figure 4. In these 

studies, hydrolopts and geomorphologists sample to measure the amount of sediment moving 

in a given flow past a point. After a range of flow conditions has been monitored, sampling 

results are then plotted on a rating curve that can be used to predict the amount of sediment 

moving under a variety of streamflow conditions. One of the limitations of this method of 

analysis is the difficulty of making measurements during the high flows at which the majority 

of sediment is transported, and the scarcity of opportunities to do so, especially during daylight 

hours. While fine sediments can be transported at low and moderate flows, coarse sediments 

normally require moderate to high flows to become suspended in the water column or to move 

as bedload. 

The U.S. Geological Survey (USGS) operates six suspended sediment stations in the vicinity of 

the RMV for which daily streamflow, daily mean concentration of suspended sediment, and 

daily suspended sediment discharge values for the stations are published in the online USGS 

Sediment Database (webserver.cr.usgs.gov/sediment). We used these data to generate 
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sediment rating curves for the six stations based on the relationship between daily streamflow 

(cfs) and daily suspended sediment discharge (tons/day). It should be noted that the USGS 

data does not distinguish between fine- and medium-grained suspended sediment, and 

therefore conclusions regarding the relative sediment size between watersheds can not be made 

simply by using the suspended sediment dataa. 

In comparing yield figures or sediment rating curves for different watersheds, it is important to 

keep in mind differences between the basins that will affect sediment yields and transport. 

These factors include precipitation regime, geology and soils, relief, bank and bed stability, 

drainage area, type of stream (i.e., alluvial or bedrock), tectonic setting, and fire and land use 

history of the basin. 

The rating curves from the six local stations can be compared to the other stations in the region 

with similar underlying geology and mean annual rainfall (Figure 4). Table 1 lists several 

characteristics for each subwatershed considered in the sediment rating curve analysis. In 

general, drainages with similar physical characteristics function in a similar manner and have 

similar rating curve slopes. Of particular interest are subwatersheds underlain by Monterey 

shale which have steeply sloping sediment rating cuves. This diatomaceous, chalky rock 

weathers quickly and yields high quantities of sediments at all flows. Very little sand is 

produced from this geologic type. In contrast, the crystalline bedrock sediment yield is highly 

episodic. At most flows crystalline watersheds will produce few sediments; however, at 

extremely high flows and/or after fires crystalline watersheds yield high quantities of 

sediment. 

Sediment-rating curves for San Juan and San Mateo Creeks fall within the lower half of the 

range for suspended-sediment transport rates from watersheds with similar climate, geology 

and land use, but are not drastically different than other watersheds in the area (Figure 4). The 

San Juan and San Mateo Creek Watersheds yield distinctly less sediment than Arroyo Trabuco; 

for example, during 19849, a moderately dry year, Arroyo Trabuco transported 17,200 tons of 

sediment, while San Juan Creek was reported to yield about 3232 tons. This marked difference 

is likely an artifact of the amount of fine sediment available in the Arroyo Trabuco watershed 

versus the upper San Juan (due to differences in geology), but may also reflect an erosive 

response of the Arroyo Trabuco channel to recent urbanization. Table 1 compares these two 

8 Sediment camed in suspension can include a range of sizes up to coarse sand or even gravel, depending on stream 
discharge, turbulence, and sediment availability, among other factors. 
9 The most recent year during which both gages were operated by the US Geological Survey. WY1984 was a 
relatively dry year, with runoff about 40 percent of the long-term average on San Juan Creek. 
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streams with other systems we consider to be of the same general types within the central and 

southern coastal mountains of California. 

Suspended sediment discharge in San Mateo Creek is less than both San Juan and Arroyo 

Trabuco for all measured flows. Sediment data for this station is only available for water year 

1984. This was a dry year after several relatively wet years, notably 1978,1980 and 1983. It is 

likely that a majority of the available sediment was removed from slope storage and 

transported down San Mateo Creek during the prior wet period leaving less available sediment 

on the slopes in 1984. Another factor that may contribute to the lower suspended sediment 

discharge in San Mateo Creek is the absence of Monterey (or Monterey-type) shale and related 

sedimentary rocks in the drainage geology. This soft and fractured diatomaceous rock that 

underlies 10 percent of the drainage area in both Arroyo Trabuco and San Juan is known to 

yield high quantities of sediment as it weathers, possibly causing an upward shift in sediment 

rating curves in these watersheds. A third factor contributing to low levels of suspended 

sediment in San Mateo is the drainage area size, since sediment concentrations generally 

decrease with the scale of the basin. The San Mateo Creek at San Onofre station has the largest 

drainage area of all stations considered in this analysis. 

The above discussion covers transport rates of suspended sediment, composed primarily of fine 

particles (fine sand and smaller). Coarser grained sediments are transported primarily as 

bedload. Suspended sediment transport is related to bedload transport, but not necessarily 

Linearly or predictably. The ratio of suspended sediment to bedload is primarily dependent on 

the type of sediment supplied to the stream, although many other factors can affect the ratio. In 

clayey watersheds, a higher percentage of total sediment load is transported as suspended 

sediment than in watersheds that produce sand and gravel-sized particles. 

Because of the difficulties in measuring bedload, there are fewer studies that include bedload 

transport rates than suspended sediment rates. Knudsen and others (1992) summarized several 

studies of bedload as a percent of total load for 12 major streams in central and southern coastal 

California. These studies suggest that bedload may constitute as little as 2 percent and as great 

as 60 percent of the total sediment load of the stream. Kroll and Porterfield (1969) estimated 

that 59 percent of the sediment transported by San Juan Creek is bedload, although they did not 

directly measure bedload. Their estimate is most likely an upper-bound estimate of current 

(2004) conditions, as the January and February 1969 storms had disturbed the slopes and 

channels, allowing for a relatively high mobilization of bed material. In 1979 and 1984, the 

USGS measured both suspended sediment and bedload at the San Juan gage. Percent bedload 

in 1979 was 49 percent, and was 31 percent in 1984. These are both lower values than for the 
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San Mateo watershed, where the very limited USGS measurements of suspended sediment and 

bedload suggest that San Mateo Creek carried 50 percent of its load as bedload in 1984. Despite 

the variation in studies, they all suggest that the percent bedload of San Juan and San Mateo 

Creeks is on the high end of the range for coastal streams in central and southern California. 

The long-term average percent bedload for both creeks is most likely somewhere in the range of 

35 to 45 percent. Within each watershed, however, percent bedload may vary sigruficantly, 

with higher percentages coming from the areas producing more coarse sediment (areas of 

granitic and metavolcanic rocks), and lower percentages coming from the silty-clayey terrains 

(underlain by the Monterey and Capistrano formations). 

Kroll and Porterfield (1969) estimated long-term sediment transport for the San Juan drainage 

basin between 1931 and 1968, using measurements of streamflow and suspended sediment 

discharge, and estimates of bedload discharge. Their estimate of 1,230 tons per square mile per 

year is believed to underestimate the total sediment production from the watershed because: (a) 

it is an estimate of the sediment that is actually transported by the streams rather than the total 

amount of sediment provided to them; (b) the sediment data from which long term yields were 

extrapolated were collected during 1967 and 1968, two years in which only one sigruficant flood 

occurredlo; and (c) throughout the Peninsular Ranges, sediment yields during this period were 

well below normal (c.f., Lang and others, 1998; Hecht and others, 1999; GeoSyntec, 2005). 

Because most coarse sediment is moved during relatively large floods, these last two points are 

key. 

4.5.1 Planninq considerations for sediment transport 

Urbanization within the proposed project area has been planned to anticipate and reduce the 

increase in sediment load typically associated with channel incision downstream from other 

areas of the county. Excess impervious area flow will be infiltrated and/or retained and re- 

used to limit increases in flow duration after development, especially at low recurrence 

intervals (GeoSyntec, 2005). This will reduce erosion affects typically associated with 

urbanization and minimize the response of stream channels that are susceptible to incision. 

Also, residential areas and infrastructural corridors are generally concentrated away from the 

valley floors, maintaining the current sediment storage and buffering effects of the floodplain 

areas. 

- - 

' 0  There was one moderately-high flow event in 1967, but no appreciable flow event in 1968, according to the USGS 
gaging record at the San Juan Capistrano station. 
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4.6 Bed sediment Characterization 

The size distribution of sediment on the bed of a channel can have a sigruficant impact on the 

potential channel response following urbanization. Large, wide channels composed 

predominately of gravel- and cobble-sized sediment are less likely to incise in response to 

urbanization than sand-bedded streams without significant gravel or cobble content (although 

they may widen, especially if any removal of riparian vegetation is planned). Additionally, 

channels that are transport limited (have a higher sediment supply than can be transported 

under normal conditions) have a moderate buffering effect that makes these channels less 

susceptible to channel response to urbanization. 

Streams within the San Juan and San Mateo watersheds can be roughly divided into four 

different categories, based on bed sediment type affecting sediment transport, bank stability, 

habitat value and sensitive species use, among other considerations (Table 3, Figure 5). These 

categories are based on interpretation of observations made during various field studies within 

RMV. The categories are based on our field observations, generalized to reach-scale 

descriptions of bed conditions, and interpreted using regional geology and soils information. 

These generalizations were developed to provide a basis for the hydrology and sedirnent- 

transport modeling, as well as to evaluate restoration potential and to highlight channels that 

are most likely to be susceptible to incision or other impacts caused by hydromodification. 

The Chiquita, Gobernadora, Trampas, upper Cristianitos, and upper Gabino channels (along 

with several smaller tributaries of the central San Juan sub-basin) are predominantly sand- 

bedded, with little or no gravel or cobble content in the bed material. Because of the small 

sediment size and corresponding lack of armoring, sigxuficant amounts of sediment are 

transported even at relatively low flows. Additional storm runoff added to these creeks, unless 

mitigated through such measures as infiltration and/or flow duration control (see GeoSyntec, 

2005), could induce significant channel erosion. In fact, Balance Hydrologics has documented 

parts of an epicycle of severe channel incision and bank widening in response to urbanization 

in the upper Gobernadora watershed over the past several years (Brown and Hecht, 2004). 

Without proper controls and careful planning considerations, urban runoff in other sand- 

bedded stream watersheds could result in similar stream response. 

Lower Gabino, La Paz, Bell, and the upper portions of San Juan, Verdugo, and Lucas creeks 

within or adjacent to RMV are predominately gravel-cobble bedded streams with coarse sand. 

The coarser sediment within these streams is a direct reflection of the geologic terrain within 

the upper portions of the watershed, predominately composed of granitic and other crystalline 
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metavolcanic rocks. Because of the larger bed-sediment size and bed structure within these 

creeks, the bed is mobilized much less frequently than in sand-bedded streams. The coarser 

bed allows the drainage to accept some additional flow and coarse sediment without sigxuficant 

channel response. In addition, the gravel/cobble-bedded streams are generally more dynamic 

systems than the sand-bedded channels, showing a greater morphological response to episodic 

events." Because gravel-cobble beds tend to be stable at the size of storms most affected by 

urbanizationlz, the effects of urbanization will be least evident and least significant in gravel- 

cobble bedded channels. 

The portion of the San Juan Creek channel downstream from the Gobemadora Canyon 

confluence, and the segment of Cristianitos Creek downstream of the Gabino confluence, are 

generally composed of sand with significant gravel and cobble content. The bed in these 

reaches is finer than it is further upstream, for many and complex reasons. This sandier bed 

will mobilize more often than the bed sediment upstream, and will be more rapidly refilled or 

replenished. Blind Canyon, Lower Verdugo and lower Lucas Canyons also have a higher 

percentage of sand on the bed, probably due to local contributions from the sandy bedrock in 

the lower portions of those watersheds, and decreases in channel slope. While these reaches 

are likely to show a slightly greater channel response to urbanization than the cobble/gravel 

bedded streams, due to the sandier bed, they are dominated by dynamic transport processes 

typical of cobble/gravel streams, and maintain significant buffering capacity. 

The portion of the San Juan Creek channel upstream of Gobemadora Canyon has a compound 

bed, with moderately-resistant bedrock exposed in several places along San Juan Creek between 

the mouths of Verdugo and Gobemadora Canyons. Some of the larger outcrops are shown on 

the state geologic maps (Morton, 1974); others are distributed throughout this reach. The 

bedrock outcrops, together with the larger cobbles introduced from Verdugo and Bell Canyons, 

sigruficantly limit potential downcutting in this portion of San Juan Creek such that this reach 

merits its own designation. Additionally, it has a complex history of aggregate mining during 

the 1970s and 1980s (c.f., Vanoni and others, 1980). 

11 While Southern California streams with cobble-gravel beds vary in the frequency of channel-changing episodic 
events, an average of 6 to 10 such events per century (or about an average interval of 10 to 15 years) may be typical. 
As one example, a careful examination of 200 years of records at the San Buenaventura mission showed 're-sets' of 
the Ventura River streambed to occur at average intervals of 11 years (Capelli and Keller, 1992). We suspect that 
similar frequencies may occur in the RMV project area. 
12 While the maximum effects of urbanization vary with catchment size and drainage density, the current literature 
indicates that proportionate and absolute effects of urbanization are associated with lower-recurrence events - 
perhaps on the order of 0.25 to 2.5 years - and decrease rapidly with events of 5 to 10 years, to being difficult to 
discern at recurrences exceeding 25 to 50 years (c.f., GeoSyntec, 2003). 
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4.7 Comparing Post-project with Existing Sediment Yields 

Sediment delivery to and movement within the main channels can be compared using 

information developed for the Baseline Conditions Report (PCR and others, 2001), the analyses 

and aerial photographs presented in the Watershed and Sub-Basin Planning Principles 

investigation, prior data and observations considered in this report, and the sediment- 

production discussion in the recent PWA report (Stewart and others, 2004a)13. The comparisons 

are made on the basis of (a) sediment transported during the 2-year and 100-year events, as 

simulated by Huitt-Zollars (2004) and PWA (2003), (b) the coarse sediment fraction transported 

during such events, and (c) the capability of the watersheds to sustain the episodic sediment 

delivery considered key for several species, as well as channel stability and coarse-material 

supply to the beaches. Results are presented in Table 4. 

Using data from the Baseline Report, the table identifies the basins where transport is presently 

limiting, where changes in peak flows or volumes are most likely to result in increased 

sediment yields. Other basins are limited by supply, and are most likely to exhibit signihcant 

change when yields (especially coarse-sediment yields) increase or decrease. Estimated long- 

term average sediment yields developed in the Baseline Report are cited for reference. 

Sediment-delivery ratios were estimated for this report based on our interpretation of aerial 

photographs available for different years. Emphasis was placed on 1938 because of the high- 

recurrence event (probably 30 to 40 years) which occurred during that year. Since the channels 

were rarely obscured by woody vegetation, it was possible to identdy in the aerial photographs 

those portions of each drainage that were contributing coarse sediment to the main streams.14 

The proportion of coarse sediment in each channel was taken as the bedload percentage 

(sediment coarser than 0.25 mm) from the Baseline Report. 

To estimate the contribution of coarse and fine sediment produced under the normal 

conditions, we used: 

the MUSLE modeling developed by PWA staff (Stewart and others, 2004a), 

the sediment delivery ratios from Table 4, and 

the bedload proportion of sediment yield from the Baseline Report. 

13 The PWA report numbers are based on the B4 alternative, not the BlOm alternative, which is the current plan. 
Expected differences in sediment production and delivery under the BlOm alternative are discussed in section 4.7.1 
of this report. 
14 We used original aerial photographs from various years under stereoscopic magnification. Several of the key 1938 
photographs are reproduced in the Watershed and Sub-Basin report. 
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Because this report was originally intended in part to provide sediment analyses for the 

GPA/ZC CEQA review, we computed the likely coarse and fine sediment changes resulting 

from the B-4 alternative for both the 2- and 100-year events, based on estimated potential 

sediment production rates (during and post-construction) modeled by PWA. The following 

results are described for the B-4 alternative; changes to these computations that would occur 

with the B-1OM are discussed in the section 4.7.1. 

Coarse sediment yields change by relatively minor amounts when comparing existing and 

post-construction conditions, commonly less than 15 tons per 2-year event, and less than 250 

tons per 100-year event. Larger changes are expected in San Juan Creek upstream of 

Gobernadora (to Verdugo), and in Talega Creek. The upper portion of central San Juan Creek 

includes portions of two major planning areas under the B-4 alternative. The estimated change 

in coarse sediment production in this portion of the watershed is likely small compared to the 

amount of sediment being transported from upstream (upper San Juan, Bell, and Verdugo 

Canyons). Trampas Canyon has a relatively high pre-project sediment yield, so the percent 

change is actually lower in this watershed than the others, and is not anticipated to be 

sigruhcant. 

Anticipated construction-period increases in sediment yields (without mitigation) are more 

substantial. Potential construction-period increases in lower Chiquita, central San Juan, Lower 

Gabino/Blind, and possibly Talega creek watersheds call for special attention for both the 2- 

and 100-year event, and upper Cristianitos and lower Gabino/Blind creeks seem to warrant 

special care for the 100-year event. In all cases, the changes are of a magnitude amenable to 

mitigation and adaptive management. 

In many hilly or mountainous areas in Southern California, episodic delivery of sediment to the 

channel is essential for maintaining the supply of the coarsest materials which often anchor or 

armor the bed, as well as sustaining beach-material supplies and conditions essential to the 

long-term viability of several species of concern. The finding that the LAD sediment model 

yields results 137 to 200 percent higher than the MUSLE formula in Orange County (see 

section4.4.2) implies that episodic events can account for perhaps 30 to 50 percent or morel5 of 

the long-term sediment yield, and perhaps a slightly larger proportion of the coarsest material 

making up the bed of the streams. Table 4 shows the likely contribution from episodic events 

to the sediment yields of each basin,l6 and finds that nearly all watersheds and sub-basins will 

15 LAD incorporates factors providing for episodic sediment transport following fires, but not for other episodes such 
as major landslides, post-drought effects, or secondary effects from major storms. 
16 Based on aerial photographs taken shortly after the 1938 storm (one of the three largest floods of the 20* century); 
observations made after the 2002 fire in upper Chiquita and the reports of Fife (1959); and substantial field work, 
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retain most or nearly all of their episodic sediment inputs because the key slopes yielding the 

coarse sediment will be left largely undisturbed. For example, the 1938 photographs show that 

the majority of the upland sediment reaching Gobernadora Creek came from the steeper, 

western side of the canyon; the sediment from the east side was deposited on the side-canyon 

floors or on the floodplain. The western portion of the canyon will remain as designated open 

space, maintaining continuity of coarse-sediment contributions to the creek. 

4.7.1 Adiustments for the B-1 OM alternative 

Several alternative development plans were considered in the planning stages of the 

coordinated planning process (NCCP/MSAA/HCP, SAMP and GPA/ZC). In the spring of 

2004, when the PWA sediment report was produced, the RMV Proposed Project was the B-4, 

and that was the alternative that was modeled. Since that time, however, the County of Orange 

approved the B-1OM as the local entitlement project and RMV's Proposed Project for the 

NCCP/MSAA/HCP and SAMP is the B-1OM alternative (shown on Figure 2). This section 

describes the main differences between the two alternatives, and how these differences may 

affect changes in sediment transport rates and yields highlighted on Table 4. 

Several planning areas changed only slightly between the B-4 and B-1OM alternatives. PA-2 

and PA-3 (Chiquita and Gobernadora) both have reduced urbanization in the northern 

portions, with at least some of the area compensated by slight expansion in the main portion of 

the planning area. Because these are small changes they are unlikely to alter the sediment 

production estimates to any great degree, and may even reduce the impacts to even lower 

levels as the added areas are in a more centralized portion of the planning area, and should 

reduce the overall disturbance to the watershed. 

There are also moderate differences in PA-8 (Blind Canyon) between the B-4 and B-1OM 

alternatives, though the overall urban area is approximately the same. The main difference 

between the two in terms of sediment is that under the B-1OM alternative the urban area covers 

much of Blind Canyon, which was left almost entirely open under the B-4 alternative. This will 

result in a larger reduction in coarse sediment load than under the B-4 alternative, however this 

effect will not make a large difference in the Table 4 numbers, as Blind Canyon is only a small 

portion of the modeled Lower Gabino/Blind watershed. 

including characterizing and tracing the sources of coarse clasts in exposed bank material along c h a ~ e l s  throughout 
the project area. 
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The most s ighcant  change under the B-1OM alternative is that the East Ortega development 

bubble (PA-4) covers a much greater area than in the B-4 alternative. Aerial photograph 

interpretation suggests that portions of the unnamed watersheds incorporated into this 

planning area have a somewhat higher existing sediment delivery ratio than the other planning 

area watersheds, suggesting that there may be a slightly greater change in sediment transport 

in response to urbanization of this area. This difference is not expected to be sighcant to 

coarse sediment supply, as the underlying geology (Williams Formation) consists of sediment 

that was originally deposited predominately in a continental shelf environment. The sand and 

silt deposited in this type of environment is a smaller size than that which is typically 

important for habitat needs and beach sand supply. The main portion of Verdugo Canyon (to 

the north of PA-4), which provides a s ighcant  amount of episodic coarse sediment supply, is 

not included in PA-4 and will be left as open space to maintain coarse sediment supply. 

Ground disturbance in PA-7 (Gabino/Cristianitos) is greatly reduced under the B-lOM, with 

the majority of the planning area now in open space or golf come. The anticipated reduction 

in fine sediment production at the clay pits should be similar in the B-4 and B-1OM alternatives, 

as the clay pit area will be managed as golf course and open space under the B-1OM alternative. 

Urban development in PA-6 (upper Cristianitos) under the B-1OM alternative will consist only 

of two small areas of estate homes, with the rest as designated open space. The project had 

originally proposed a golf course under the B-4 alternative, but the amount of residential area is 

approximately the same for both alternatives. Correspondingly, the potential change in 

sediment production under the two alternatives is likely very similar. 

The area encompassed by PA-9 (in upper Gabino) has been drastically reduced to a 20 acre 

development area under the B-1OM alternative, and now consists only of a few casitas, whereas 

in the B-4 alternative a golf course had also been planned. The small size of the development 

area, combined with its siting, will effectively eliminate sighcant impacts to sediment 

production and transport in the upper Gabino watershed, in absolute terms and relative to the 

B-4 alternative. 

PA-1 in the lower San Juan corridor and PA-5 in Trabuco Canyon are essentially the same in 

the B-4 and B-1OM alternatives. 

In summary, changes to sediment yield in most watersheds are similar under the B-1OM 

alternative to those shown in Table 4 for the B-4, with the exception of the differences noted 

above. However, in both cases these changes are a small relative to the total sediment transport 
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within the watersheds and therefore are not sigruficant. Planning goals for both alternatives 

attempt to reduce fine sediment generation (see section 4.3.2.1) and maintain coarse sediment 

transport, including both chronic and episodic sources (see section 4.3.1.2). 

4.8 Sustaining grade and Base Level 

As part of the project plan, detention basins have been proposed as a mitigation measure for 

attenuating peak flows, reducing sediment transport, and treatment of runoff for water quality. 

Sound watershed-management practice when implementing sediment/detention basins calls 

for addressing the 'hungry water' effect downstream of the basin. In many situations, 

sediment-depleted water is discharged from the detention basin into a high energy 

environment, allowing the clean water to erode the channel directly below the discharge point. 

In the proposed project, both (a) energy dissipation and (b) measures to sustain channel base 

level will be incorporated downstream from sediment detention basins and other hydraulic 

controls to sustain grade and to provide a stable base level. 

The project design greatly simplifies sustaining grade downstream from controls because, with 

very minor exceptions, ponds and detention basins or other controls are being proposed only 

for minor streams and un-channeled drainages. The following project design features will 

alleviate potential "hungry water" effects: 

Control structures are small (conforming with RWQCB guidance to 'start at the source' 

to alleviate conditions of concern) and are limited to headwater reaches; small-scale and 

site-appropriate measures can be used to maintain the existing channel pattern and 

grade, but are commonly not appropriate for larger streams (c.f., Riley, 2003). 

Storm runoff is to be regulated to emulate the existing hydrographs and runoff-duration 

frequencies, the tributary and stream system is not being used to absorb increased peak 

runoff during frequent storms, and the processes causing 'hydromodification' impacts 

in other Southern California channels are not expected to necessarily induce incision or 

widening (c.f., Coleman and others, 2005). 

Buffers from channels are generally quite wide, minimizing the number of protective 

structures in and near the channels and maximizing the drainage system's tolerance for 

changes in channels, allowing for natural channel adjustment within the wide corridor. 

New infrastructure (such as sewage mains) is not planned beneath the channels, 

minimizing the need for protective structures that can concentrate flow and induce bed 

scour downstream. 
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Based on the above considerations and other WQMP measures (see GeoSyntec, 2005) we 

conclude that effects of hungry water will be limited in magnitude and potential impact. 

Additionally, the volume and magnitude of peak runoff in most protected canyon or valley- 

floor areas will be equal to or less than that at present, because some excess flows are being 

directed to the relatively resilient San Juan Creek and lower Gabino channels. The intrinsic 

resilience of these larger channels - which have a very similar channel form as that reflected in 

1938 aerial photographs or 1947 topographic maps (PCR and others, 2001) - is coupled with the 

proportionately smaller project-related discharges to minimize hungry-water effects on these 

two channels. In addition, these larger watersheds are inherently more dynamic systems than 

the side canyons, and better able to modulate the effects of any slight downstream erosion that 

may occur. 

Most of the limited 'hungry-water' effects are amenable to being addressed with non-structural 

biotechnical and geomorphic approaches. These .approaches vary by terrain (see section 3.1 for 

discussion of terrains) and the character of the channels, and were adopted as mitigation 

measure 4.5-7 in Final EIR 589: 

I .  Sandy and Silty-sandy terrain: Water quality and infiltration basins and ponds will be 

constructed along unnamed tributary channels and channel-less valleys. Appropriate 

energy dissipation will be installed downstream of each structure or control point. In 

addition to the curve-matching regulation of runoff described in the Water Quality 

Management Plan (GeoSyntec, 2005), 'hungry water' or potential downcutting will be 

controlled by a progressive sequence of: 

a. establishment of hydrophytic vegetation, either turf-forming (such as salt 

grass or sedges) or with interpenetrating roots (such as willows); then 

b. placement of turf-reinforced mats (TRMs) or other flexible and 

biodegradable membrane to abet vegetative growth to stabilize the small 

drainages downstream of controls; then, 

c. installation of conventional erosion-control fabrics and structures using 

standard techniques developed over the years to control gully- or small- 

channel incision. 

In through-flowing named stream corridors, the potential scale of incision is larger, and 

is most reasonably addressed by measures identified in the WQMP and could include 

the following: 
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a. attempting to reduce runoff volumes and peaks from the watershed, by a 

combination of additional retarding of flow and use of (reconnecting, 

where needed) floodplains for flows of moderate to high recurrence. 

b. reducing sediment yields and modulating flow from a disturbed 

watershed upstream, such that avulsion (sudden channel changes, such 

as recently seen in Gobemadora Creek) can be minimized. 

c. widening the riparian corridor where the bed remains within the root 

zone of riparian vegetation, and managing its vegetation to promote 

dense interpenetrating roots, such as naturally occurs along many 

reaches of these streams, perhaps in combination with 

d. reconfiguring the channel pattern to increase sinuosity to a stable 

thalweg length-to-channel slope value (c.f., Riley, 2003, for one approach 

supported by all California Regional Water Boards). 

e. emplacing well-keyed structural grade control, with a wide variety of 

potential designs; the sheet-pile structures along lower Wagon Wheel 

Creek are one example. 

2. Clayey terrain: Differences between existing and future conditions will be the least in 

this terrain. Silty and clayey terrains are also most resistant to incision, however in 

many cases once erosion commences, the clayey terrain may erode very rapidly. Hence, 

biotechnical stabilization is most favored in this setting to reduce the potential for initial 

erosion, especially for the smaller unnamed channels downstream from the small 

retarding and infiltration basins proposed at many locations. These channels are best 

managed with a progressive sequence of: 

a. establishing hydrophytic or woody riparian vegetation, especially along 

the bases and crests of banks; 

b. installing turf-reinforcing mats and other shear-resistant soft structures; 

c. slight widening of channels where feasible without diminishing bank 

strength imparted by riparian vegetation, if sigruficant; 

d. engineering slopes using fabrics, or placing thoroughly-keyed structural 

controls, usually in combination with a., b., and c., above. 

3. C ystalline terrain: No new impoundments or runoff control structures are planned for 

crystalline terrain. The County of Orange design manuals are perhaps most effective in 
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this terrain type, and can serve as a backup guidance, should impoundments be 

planned for areas within the crystalline terrain. 

The stream reaches below the detention basins will be included in the adaptive management 

plan, to monitor channel stability and change the protocol if necessary. The various controls 

listed above will be used as necessary based on monitoring of downstream channel stability. 

4.8.1 Watersheds of concern for hvdromodification effects 

Given the variable conditions within the project area described above, there are several specific 

stream segments that we have identified that are particularly susceptible to hydromodification 

effects if stormwater is planned to be diverted to these areas: 

The small watershed at the southeastern edge of the East Ortega planning area 
(PA-4). 

Upper Cristianitos, primarily because the urban areas, even though they are 
small, are planned for the very upper portion of watershed where they will 
constitute a high percentage of the watershed area. 

Lower Gobernadora, especially since it has recently already become 
compromised and is unstable as a result of flows originating upstream in Coto 
de Caza. Construction of the modulation basin (discussed in section 4.3.2 and by 
Brown and Hecht, 2004) is anticipated to address these excess flows and 
upstream water quality impacts. 

Chiquita Canyon, especially the channel-less, east-side canyons where urban 
areas are located at the ridge tops. 

While planning principles have been implemented to reduce the effects of hydromodification in 

these areas, and management measures are proposed to alleviate the risk of hydromodification 

response (see above), monitoring of these watersheds will still be especially important to 

idenhfy any preliminary response to hydromodification (see chapter 5). 
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5. ADAPTIVE MANAGEMENT 

The uncertainties inherent in sediment transport and bed sedimentation make regular and 

routine monitoring of potential project effects an integral portion of the project's Adaptive 

Management Plan (AMP). To provide a flexible, iterative approach to long-term management 

of bed and channel conditions, nine questions should be addressed, and responsive measures 

recommended based on standard, conventional and understandable methods: 

1. Are low flows being maintained at appropriate levels, sufficient to sustain the 
woody vegetation critical to maintaining root strength for channel stability? 

2. Are peak flows and flow duration being adequately controlled by the project? 

3. Are the channels incising or otherwise changing their morphology or slope in 
response to urbanization? 

4. Are new natural or induced sources of sediment forming in upland areas? 

5. Are ponds and sediment basins functioning, and do they need to be maintained? 

6. Is incision or channel distress observed downstream of ponds and basins? 

7. Are there indications that sand movement to the beaches has been impaired? 

8. Are other watershed events or processes contributing substantively to changes, if 
any? 

9. Are bed conditions in the channels consistent with (a) aquatic and riparian 
habitat needs, (b) maintaining sufficient conveyance capacity to convey design 
flows, and (c) reasonable bank protection? 

Methods to be used in assessing these questions and situations in a manner intended to 

promote design solutions are described in the following sections. These methods have been 

adopted as mitigation measure 4.5-8 in Final EIR 589. 

5.1 Stream Walks 

A geomorphologist familiar with both (a) flood conveyance estimation and (b) the bed 

conditions required to meet habitat needs and conditions for species of concern will walk 

critical reaches of named channels within the project each year in late April. The stream-walker 

will note bed conditions, measure high-water marks, note new sources of sediment or bank 

distress along the channels, estimate Manning's 'n' (roughness) at key locations, and assess 

whether bed and bank vegetation is suitable to meet conveyance and habitat objectives. Stream 

walks will occur during years 1,2,3,4,5 and 10 following substantial grading in a named-stream 

basin, and during any year within the first 10 seasons when 6-hour rainfall intensities exceed 
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the 5-year recurrence at a nearby pre-selected recording rainfall gauge. The stream-walker will 

also similarly canvass the lower 2 miles of Bell Canyon and the upper Chiquita watershed 

north of Oso Parkway, two stream segments with largely-intact and formally-preserved 

watersheds, which can serve as control. Photographs showing key sites or problems will be 

taken. The individual conducting the walks shall be sufficiently senior and knowledgeable as 

to be registered as a geologist or engineer with the state. This individual will prepare an annual 

report by June 20, and submitted to Rancho Mission Viejo for distribution to appropriate 

agencies, speclfylng maintenance or repair measures needed to maintain suitable sediment 

transport and bed conditions. (Directed at questions 1,2,3,6,7,8,9) 

5.2 Major Stream Cross Sections 

Monumented cross sections will be established and surveyed on: 

a) lower Narrow Creek 

b) Chiquita Creek (4 locations) 

c) Gobemadora Creek (4 locations) 

d) Bell Creek (2 locations) 

e) Upper Cristianitos Canyon (3 locations) 

f )  Lower Gabino Creek (3 locations) 

g) Gabino Creek within 0.5 miles of La Paz Creek 

h) La Paz Creek within 0.6 miles of Gabino Creek 

The cross sections will be spaced approximately 0.6 to 1.2 miles apart. They will be surveyed to 

the nearest 0.05 feet vertical, and include notations of bed material encountered and qualitative 

descriptions of vegetation, and other observations conforming to geomorphic conventions, such 

as the International Hydrologic Vigil Network standards. The initial surveys will be conducted 

prior to grading, with resurveys during years 1,3,5 and 10 following initial grading. Re- 

surveys will also be conducted during years when 6-hour rainfall intensities exceed the 5-year 

recurrence at a nearby pre-selected recording rainfall gauge. Results will be analyzed by the 

stream-walker, and included in the related report, recommending maintenance and restorative 

measures. The report will be submitted by May 20 of each year, to allow design and 

implementation (where needed) prior to the next winter. (Directed at questions 3,6,8 and 9) 
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5.3 Periodic Aerial Photography 

Aerial photographs of the entire project area will be taken during May or June following project 

approval, and during each subsequent May or June of years ending in a '5' or 'O', until the 

project has been completed. Resolution of the photographs will be sufficient to prepare 200- 

foot scale maps with 2-foot (or 0.5-meter) contours. Contour maps will be prepared for the San 

Juan Creek channel comdor from the Verdugo Canyon confluence to 0.5 miles downstream of 

Antonio Parkway showing the topography of the bed and of the banks to elevations 15 feet 

above the adjoining bed. Lidar or other technologies can be substituted for now-conventional 

photogrammetic methods. A qualified geomorphologist shall review the aerial photographs 

of the entire project area, iden-g new upland sources of sediment, event-related or land-use 

disturbance, or evidence of channel change and instability. The geomorphologist will also 

assess discontinuities in sand transport throughout the project area, and will present an 

assessment of changes, if any, in the San Juan Creek comdor. Results will be presented in a 

report to be prepared by July 15 of each year to Rancho Mission Viejo for distribution to 

appropriate parties, including recommendations for maintenance, repair, or other actions. 

(Directed at questions 1,3,4,5,6,7 and 9, plus 8 for San Juan Creek) 

5.4 Evaluation of Changes Downstream of Ponds and Basins 

Longitudinal profiles and channel or drainage-way cross sections will be established 

downstream of basins or ponds with capacities exceeding 1 acre foot, or which create a Cfoot 

elevation change in the energy grade line. Resurveys will occur whenever the stream-walker 

and/or the geomorphologist reviewing the aerial photos idenhfy actual or incipient incision or 

erosion. Resurveys will be completed prior to July 1 when and where the need is identified in 

the May 20 report discussed above. 

5.5 Supplemental Assessments 

Adaptive management of channels means changing with the flow of time. Nothing in the 

program above precludes problem- or condition-related investigations. Additional assessments 

may be conducted as deemed needed by the applicant to achieve the bed and bank conditions 

sought. Examples of circumstances in which supplemental investigations might be needed 

might include: 

A large landslide affecting one of the main channels. 

A large fire disturbing major portions of the contributing watershed 

Loss of riparian vegetation over long reaches due to tree blight or other 

cause. 
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Bank and channel changes due to a major seismic event. 

Identification of new needs of species of concern. 

While interdisciplinary expertise is warranted throughout the adaptive management program, 

it is likely to be especially warranted in such supplemental assessments. 
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6. CONCLUSIONS 

This report describes potential changes in sediment supply, transport, and bed conditions 

associated with planned urbanization of the San Juan and San Mateo watersheds. Consistent 

with its origin in work developed for the SAMP and for the NCCP/MSAA/HCP, this report 

incorporates and balances sedimentation goals associated with (a) flood control and channel 

stability, (b) endangered species habitat stewardship, and (c) wetlands and stream channel 

permitting for habitat preservation and protection. All such goals must be weighted, consistent. 

with the General Plan/Zone Change approval, the NCCP guidelines, and the SAMP principles. 

It is not possible to properly evaluate sediment conditions or movement without weighing all 

three sets of considerations. 

The following conclusions tie together some of the most important aspects of the project 

planning goals as they relate to sediment transport: 

1. A MUSLE analysis by PWA, responding to a request from Orange County, is a useful 

index for estimating potential changes in sediment production from uplands during, 

and following, development of the watershed. However, several other factors, such as 

particle size, episodicity, and habitat needs, must be considered to provide a more 

complete and balanced view of how sediment production and transport processes may 

be affected by the proposed development. 

Maintaining the supply of coarse sediment to the stream corridors and downstream 

areas is important for habitat value and beach sediment supply. There are two primary 

sources of coarse sediment within the San Juan and San Mateo. The first is a chronic or 

regular sand source, sand that is supplied to the beach by stream transport whenever 

storm runoff occurs. Between storms, this sand is stored in channel and floodplain 

alluvial deposits and is mobilized during the largest events of the year. The ultimate 

source of much of the coarse sediment in the San Juan and San Mateo watersheds is the 

coarse-grained soils formed on granitic and metavolcanic rocks exposed in the upper 

portions of the watersheds. These areas contribute coarse sediment primarily on an 

episodic basis, in response to large storms and/or after watershed-scale wildfires. 

3. Reducing upland sources of fine-sediment supports habitat needs of several sensitive 

species. The most significant sources of fine sediment are currently areas of non-native 

vegetation, the Gabino/Cristianitos clay pits, the debris slides in upper Gabino, and 
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sediment derived from channel avulsion and incision in the upper Gobernadora 

watershed. 

4. Episodic sedimentation is usually important to maintaining streambed conditions, of 

particular importance in sustaining habitat values and the bed mosaic required by least 

Bell's vireo, arroyo toad, and other species of concern. Episodes are also vital to 

maintaining a mix of open channel and vegetated banks most likely to convey high 

flows with minimum bank erosion or channel disturbance. 

5. Measured sediment transport in San Juan Creek is similar to or somewhat less than 

transport measured in other coastal California watersheds with similar underlying rock 

types and geologic histories. Observed rates at both high and low and low flows are 

neither remarkably high nor low. Transport rates in San Mateo Creek are at the lower 

end of the range for such streams. Sediment yields per unit area of watershed in the San 

Juan Creek catchment are higher than those in the San Mateo watershed, principally 

because the underlying geologic units in the San Mateo basin are intrinsically less 

erosive. Similarly, sediment yields from the clay-rich watershed of Arroyo Trabuco are 

substantially higher than in San Juan Creek, and dominate the sediment regime 

downstream of their confluence. Estimates of the bedload portion of the total sediment 

transport indicate that both San Juan and San Mateo Creeks have a relatively high 

portion of bedload compared to other coastal streams in southern California. 

6. This report reflects important decisions made in formulating the B-1OM alternative that 

minimize and modulate sediment delivery of fine sediments under normal conditions, 

but also make allowances to maintain the episodic renewal of stream substrate intrinsic 

to maintaining healthy populations of several sensitive species, as well as maintaining 

transport of beach sand source material to the coast. The following list is a summary of 

how the approach to siting urban areas within the proposed project has been planned to 

maintain and/or improve existing sediment supply: 

Development areas were planned such that much of the urban areas will 
be concentrated on clayey terrain, to the extent practicable, to minimize 
the effect of adding impervious area to the watershed, and reduce fine 
sediment generated from these areas. Management of tilling and grazing 
practices, along with native vegetation restoration in some areas, will also 
reduce the introduction of fine sediment to the stream channels, which 
would have beneficial impacts to in-stream and riparian habitat. 
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Sandy valley bottoms will remain relatively free of urban impacts, allowing 
the supply of coarse sediment to the stream channek to be maintained. 

Mainstem stream corridors will remain intact, retaining current floodplain 
sediment storage and buffering effects (and associated habitat value), as 
well as maintaining a sigruficant source of beach sand supply and 
allowing transport of sediment from the upper watershed areas. 

Proposed planning areas are placed so that they protect the main sources 
of coarse sand and gravel, which are important for year-to-year habitat 
and beach sediment supply. The ultimate source of much of this coarse 
sediment is in the granitic/crystalline terrain in the upper portions of the 
San Juan and San Mateo watersheds, east of the areas slated for 
urbanization. Upland episodic coarse sediment sources and associated 
sediment transport processes will be maintained by setting urban 
development back from the mainstem alluvial valley bottoms, 
maintaining current transport capacity and protecting sediment storage 
areas important for chronic supply. 

The B-1OM alternative generally allows for episodic sedimentation within 
RMV to persist by preserving the entirety of canyons adjacent to major 
sources of coarse sediments as open space (Verdugol7, La Paz), and by 
leaving at least one whole side of the Chiquita, Gobernadora, Cristianitos, 
and upper Gabino watersheds with slopes fundamentally free of 
urbanization or infrastructure. Sediment will continue to naturally enter 
these channel.. during (and following) episodic events, maintaining 
episodic sediment supply to the channels. 

Managed restoration of native riparian vegetation will increase bank 
stability of the streams and increase the buffering capacity of the channels 
for both flow and sediment. This restoration will be especially important 
downstream of water quality, detention, sediment, and flow duration 
basins, as these reaches may particularly susceptible to channel erosion 
due to sediment starving. These reaches will be adaptively managed so 
that additional channel stabilization measures can be implemented, if 
needed. 

7. We computed the coarse and fine sediment changes resulting from the prior B-4 

alternative for both the 2- and 100-year events, based on estimated potential sediment 

17 The main stem of Verdugo Canyon, that which supplies most of the coarse sediment supply, is left as open space 
under the BlOM alternative. The tributary canyon that enters Verdugo just upstream of the San Juan Creek 
confluence, which is included in PA-4, does contribute some coarse sediment, but only a small portion of what is 
transported from upper Verdugo Canyon (see section 4.7.1). 
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production rates modeled by PWA. Coarse sediment yields change by relatively minor 

amounts when comparing existing and post-construction conditions, commonly less 

than 15 tons per 2-year event, and less than 250 tons per 100-year event. Somewhat 

larger changes are expected in San Juan Creek upstream of Gobernadora (to Verdugo), 

and in Talega Creek, though these values are still not s ighcant  relative to what is 

being transported from upstream portions of the creek. Anticipated construction-period 

increases in sediment yields (without mitigation) are more substantial. Potential 

construction-period increases in lower Chiquita, central San Juan, Lower Gabino/Blind, 

and possibly Talega creek watersheds call for greater care and attention for both the 2- 

and 100-year event, and upper Cristianitos and lower Gabino/Blind creeks seem to 

warrant special care for the 100-year event. In all cases, the changes are of a magnitude 

amenable to both mitigation and adaptive management. 

Under the B-1OM alternative, these estimates of sediment yield would be somewhat 

different, though likely the same order of magnitude. The differences between the B-4 

and B-1OM alternatives are generally small, and both alternatives adhere to the same 

planning principles described above. One change of note, however, is that there will 

likely be a slightly greater reduction in sediment yield following urbanization in PA-4 

(near the Verdugo watershed) relative to other watersheds. The area proposed for 

development, however, is underlain by rock units that do not contain s ighcant  

amounts of coarse-grained material, and therefore this reduction is not anticipated have 

a sigruficant impact to coarse sediment supply. Verdugo Canyon proper, which is the 

primary contributor of coarse sediment within that sub-watershed, is not proposed for 

development and therefore will continue to supply coarse sediment to San Juan Creek. 
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TABLES 



Table 1. Watershed characteristics and periods of record for suspended sediment rating curves 
of selected streams in Orange County and comparison areas 

USGS Gaging Station Name Drainage Period of Equation of Rating ~~~l~~ J SLA 10 yr Peak Annual Comment8 
Station ID# Area Reconi cunee ~tat lon '  Rainfall 

(sq. mi.) (water years) (ck)  (Inches) 

190) dry year afier wst period 

20'~' WY1966 & 1968 very wst 

11046370 Sen Maieo Creek at San Onofre 

11 046500 San Juan Creek nr San Juan Capisirano 1967-71 & 10% Monterey SH, CSJ4 
y-=.220g*~1 0" 50% Ku&T SS, 

40% CR 

11046530 San Juan Creek at La Novia Bridge 198788 y=0.026*~2M28 10% Monterey SH. CSJ5 
50% Ku&T SS, 
40% CR 

20'~) WY 1987 & 1988 very dry 

11046550 Sen Juan Creek ai San Juan Capistrano 1971-86 y=0.0139'~20"& 10% Monterey SH. CSJ6 

y=0.04'~' "n 50% Ku&T SS, 
40% CR 

11 047000 Arroyo Trabuco at Camino Capistrano 1967-68 y=0.0685'~2m5& 10% Monterey SH, CTB5 
y ~ . 1 7 9 9 ' ~ '  7003 5056 Ku&T SS, 

40% CR 

190) WY 1968 very wei 

11047300 Arroyo Trabuco at San Juan Capistrano 197184 F0.0406'~2.331 10% Monlerey SH, CTB6 
50% Ku&T SS, 
40% CR 

11 138500 Sisquoc River near Sisquoc 

11 139350 Foxen Creek near Sisquoc 

11 139500 Teplsquei Creek near Sisquoc 

Pdrem creek5 

incising 

1960-72 y - 4 . 0 0 0 7 5 * ~ ~ ~ ~  99% Monterey SH - 

1991-93 F0.0458*~20LUB Noh Monterey SH, - 
50% CR 

11owa: 

1 10 yaar peak dlxhargas wara measured or s m M e d  for sevaral amtuns m ma Son Juan watanhed (Slmons. Lo 6 Assoustas 1989) 

2 Parwntspea am vmel  atmdea from sufncml paolopr: m a p  Ku6T Cretscsous and Tartlaw. SS sandstona. SH dutomacsous shak ofma Montaray fornabon. CR cryltsllma bedrock 
3 Maan annual raontal for ma dramago area s g l M e d  from sohyatsl map 
4 Mean annual ramtall ramd from 194E-1997 at Lm Ah- NCDC stsmn 

5 DO11 from Hsdn and Napollllno (1%). KondoU (1983) 
6 Y - swpsnded sedlmenl 
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'I Primary and chronic sand source 

Epidlc, -In& & m~ce .".+...':-: :; !&!..*.?, (soils developed from granitic 
and metavoleanic mks) 

I Moderate potential, episodic sand source 
(emlibla, sandylsilty soils) 

0 Insignficant source of eoarse sediment to 
the San Juan and San Mateo watemheds 

I N San JuaWSan Mateo walenl?ed bounda~y I I 

Figure 1. Existing coarse sediment and bach material sources in the 
San Juan and San Mateo watersheds, Southern California. 
Mast of the coars~rained sand, partlarlady important to beach sand 
supply, orighates upskeam of the p r o p  a m .  This map depicts both 
chronic (aUuvial sedirnerrt storage areas) and episodic (upland areas) sand 
sources. See Figure 2 for detaP of project area. 
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APPENDICES 



APPENDIX A 

Schematic of method used to identify potentiai sources 
of coarse sediment within the San Juan and 

San Mateo watersheds. 



Appendix A. Schematic of method used to identify potential sources of sand within the San Juan and San Mateo watersheds. 

Reflection 
of K-factor 
(from 
terrains 
analysis) 

Slope 

Soil 
hydrologic 
group 

Geology 

ROCKS Q ALLUVIAL 

ALLUVIUM SHALE CRYSTALLINE SHALE 
CRYSTALLINE MUD SANDSTONE MUD 
SANDSTONE VOLCANIC VOLCANIC 

T 
TEMP 

v 
HIGH MODERATE NO 

",',""?,": - POTENTIAL POTENTIAL - POTENTIAL 

ERD. LESS ERD. ERD. ERD. 
SANDS SANDS SILTS CLAYS 

LESS ERD. 
CLAYS 




