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1. INTRODUCTION

Erosion, transport, and deposition d sedimentin watershedsd coastal Southern California
occur withinacascadingsystemd upland hillslopes, swales, channels, estuaries, and beaches
and littoral zones. Thesedifferent geomorphic zoneswithin thisinterconnected system
variably shed, move, or storesediment, sometimesin response to episodi cevents such as mgor
stormeventsand wildfires. Functionaly, there are important connectionsbetween the
sediment cycdeand key geomorphicand habitat valuesthat include channel-floodplain
connectivity, channel and bank stability, aswell as estuary and floodplain management.

Sediment-sourceand -transport dynamicscan change considerably during, and following,
urbanization. Typically, upland sediment availability (and transport)increasesduring the
constructionperiod, due to the additional exposured bare soil during the grading and
construction process, and beforelandscaping vegetation has stabilized the soil. Theextent o
changedependson thetyped sediment exposed, position d the devel opment within the
landscape, and the types of stormsthat occur during the construction period, aswell asthetype
and extent d sediment control measuresimplemented during construction.

Following the construction period, upland sediment availability typically decreases to below
pre-urbanlevels, aslesssedimentisavailablein the areas that have been paved or stabilized by
landscape vegetation, and sediment pul sesassociated with firesare reduced with fire
management practices. |mplementing, maintaining, and refining best management practices
(BMPs) after urbanization, however, isnecessary to maintain the sediment transport processes
which prevailed beforehand. Intheabsenced BMPs impervioussurfaces can cause higher
and morefluctuating flows, whichinturn may erode the streambed, resultingin an incised
channel, an isolated floodplain, decreased bank stability, and higher ratesd sediment
transport.

1.1 Report Objectives

The degree to which urbanizati on affectssediment transport processesand ratescan vary
considerably depending on the type of urbanization and itslocation within thewatershed, as
well asthe physical characteristicsd the watershed such as geology, soils, relief, vegetation,
firefrequency, rainfal patterns /amounts, and many other factors.

Th s report describesthe primary processesinvolvedin sediment transport within the San Juan
and San Mateo watersheds, and how these processesare expected to changefollowing the
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planned urban expansionwithin thewatersheds (under the proposed B-10M dlternative). To
the extent that other "B" Alternativeshavesimilar or identical proposed devel opment locations
(e.g., the B9 Alternative), theanalysesinth s report would also apply to such areas. Severa
key conditionsand principleswereconsideredin the planning process to reduce the impactsto
sediment transport and maintain the natural sediment transport processes that support habitat
value. Theseconditionsand considerationsare discussed throughout the report and
summarized in Chapter 6.

1.2 Context and Background

Thisdocument isbeing prepared aspart d aset d technica documentsto support the
environmental impact review for the San Juan Creek Watershed and Western San Mateo Creek
Watershed Specia Area Management Plan (SAMP) and Southern Subregion Natural
CommunitiesConservationPlan/Master Streambed Alteration Agreement/Habitat
ConservationPlan (NCCP/HCP), under which the B-10M alternativeiseither the Proposed
Project (inthecased the SAMP proposed permitting proceduresfor RMV |ands) or isthe
proposed Habitat Reservedesign and development areasaternative (inthecased the
NCCP/MSAA /HCP). TheB-10M isacomprehensivedevelopment and habitat-management
plan submitted by the Rancho Mission Viejo (RMV) tothe U.S Army Corpsd Engineers
(Corps)for the SAMP and to the U.S Fsh and WildlifeService (USFWS) and California
Departmentd Fish and Game (CDFG). The planned project areaislocated in southern Orange
County, and includesRMV and portionsd thesurroundingarea. Withinthi s project area,
urbani zationis planned in several distinct and concentrated areas ('Planning Areas), leaving
the remai ning area as designated open space.

TheB-10M aternative a so incorporates goalsdevel oped during several yearsd coordinated
planning by cooperating teeamsdrawn from RMYV staff, senior consultants, and resource-agency
gaff. Theseeffortshaveled to new understandingsand the development d two key
documentswhich describe the bed and channel conditionsand associated planning
considerationsthat must be addressed in order to protect the underlying abiotic processesthat
shape the habitatsof sensitivespecies.

*  TheSouthern Subregion Natural Community Conservation Plan/Habitat
Conservation Plan (SouthernNCCP/HCP) Planning Guidelines, jointly
prepared by the County d Orange, the California Department d Fish and Game,
the U.S Fish and WildlifeSearvice, 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 professionalsfrom the U.S Fish and WildlifeService, US
Army Corpsd Engineers, Cdlifornia Departmentd Fish and Game, Orange
County, RMV and a coordinating consultant.

Thesecollaborativeeffortsestablish salient bed- and channel-management policies, guidelines,
and planning principlessupported by the SAMP/NCCP/MSAA /HCP Working group. These
effortsdrew upon substantial field research conducted in the area by the cooperators, and are
listedin the two documents, among others. Goasand standards for bed and channel
conditionsand sediment transport are described in the plansthat identify hydrol ogicand
geomorphic conditionsessential to conserving and protecting aquatic and uplands habitats
(PCRand Dudek, 2002) and in the Adaptive Management Plan (AppendixJto Final IR 539,
certified by the County d Orangein conjunctionwith the B-10M as the locd entitlement), and
ascarried forward into the SAMP and NCCP/MSAA /HCP. Theroled sediment transport (or,
more appropriately, changesin sediment transport)in habitat conservationplanningis
discussed below (seesections4.2, 4.3 and 4.4), and theroled protectingsourcesd coarse
sedimentsand associated sediment transport needed to 'nourish’ the beachesisconsidered in
section4.3.1.

Incorporating bed- and channel-management guidelines, aswell as habitat needs, into the
contextd flood protectionisoned thegoasd the planningeffort. Thiscombinationis
perhapsgroundbreaking in that it can serveasa modd for future projectsin the region.
Previoushydraulic analyseswere evaluated to determineif the project's hydrologicimpacts
exceed the thresholdsd significance from a CEQA perspectiveaspart o Final R 539, and
mitigation measureswill 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 influencesin the planningand design o alarge
project. To date, thesefactorshave been discussed primarily in conjunction with wetland and
stream-corridor planning / permitting and biological resourceconservationplans.

Asoneindicationd likdy effects, Orange County requested, during the CEQA review for the
RMV Genera Plan Amendment and Zone Change (GPA /ZC) application, that the modified
universal soil lossequation (MUSLE) be applied to describe the differencesin pre- and post-
constructionratesd upland sediment production. In responseto thisrequest, Phillip Williams
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and Associates (PWA) staff used th's methodology to quantitatively estimate changesin
sediment production in responseto the B-4 aternative on the Rancho Mission Viejo (Stewart
and others, 2004a)!. \Whilethe PWA study helpsto provideacomparisond potential pre- and
post-project erosion and upland sediment production, other considerationsare needed to
evaluatetheroled sediment in flood protection, geomorphic conditionsthat shape and
influence habitat conditions, and the associated ability to sustain viable popul ationsd sensitive
species. Inaddition, at amorefundamental level, an integrated flood- and habitat-protection
programisa key mandated the SAMP and Natural Communities Conservation Planning
processes, involvingsevera yearsd planningto identify and maintain key ongoing processes
and to minimize effectsresulting from futureland uses on channdls, wetlands, and other
aguatic resources.

Inth s document, we complement and integrate work done by PWA by consideringerosion,
sedimentation, and bed conditionsin abroader sense, including other aspectsd thecyded
erosion and sedimentation. We further discusssourcesd sediment (such asin-channel erosion
or incision), responseto episodic events, and specificimplicationsd theoverall designd the
planningareason theamount and particle-sized sediment transported. Th's report discusses
how thesefactorswill affect channel conditions, habitat needs, coarse sediment (and ‘beach
sand) supply, and other issuesoften not considered i n eval uating sediment and sedimentation.
It a so summarizeshow planning areashave been purposefully sited to reduce negativeeffects
d changesin sediment transport associated with urbanization, cons stent with the Basin and
Sub-Basin Watershed Planning Principles.

IThe B4 alternative wasthe'Proposed Project’ considered in Final EIR 589, and wasevaluated by PWA assuch.
Whilethe B4 wasthe only alternative analyzed for their sediment report, PWA modeled the hydrology changes for
severa alternatives including the B-10 (Stewartand other, 2004b). The BIOM alternative wasdevel oped ashby the
County o Orangeasthe preferred project and containselements o both the B4 and B-10 alternatives. The County
o Orangedetermined that the BIOM did not result in any new significant environmental impacts not previously
analyzed thereforethe PWA analysis can till serve asa valid referenceif certain considerations are made (see
section4.7.1 of thisreport).

205069 Sediment report update 6-24-05 Final.doc 4
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2. GEOMORPHIC SETTING

21 Physiography and Setting

The project arealargely coincideswith the boundariesd RMV, located in southern Orange
County, just north d San Diego County and west of Riverside County. Theranch covers
portionsd two mgjor watersheds, San Juanand San Mateo Creeks. The physiography and
basi ¢ surface hydrol ogic conditionsare described in the Basdaline Geomorphicand Hydrologic
Conditionsreport (PCRand others, 2001); ground-water conditionsas they affect channelsare
discussed in the basdline ground-water report (Hecht, 2001).

2.1.1 San Juan Creek Watershed

TheSan Juan Creek watershed islocated in southern Orange County, California. The
watershed encompasses a drainage area of approximately 176 square miles, and extendsfrom
its headwatersin the Cleveland National Forest in the Santa Ana M ountainsto the Pacific
Ocean at Doheny State Beach near Dana Point Harbor. The mgjor tributariesto San Juan Creek
include (fromwest to east): Oso Creek, Trabuco Creek, Homo Creek, Chiquita Creek,
GobernadoraCreek, Trampas Canyon, Bdl Canyon, Verdugo Canyon, and L ucas Canyon,
amongst other tributarieswhich originatein the National Forest. Mogt tributariesflow from
steep canyons. Asthe streamsflow, they coalesceand widen into several alluvial floodplains.
Elevationsin the watershed range from over 5300 feet at Santiago Pesk to sealevel at the mouth
d 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, whichisatributary d the Santa Ana River watershed, adjoinsthe
eastern edge d the San JuanCreek watershed.

2.1.2 San Mateo Creek Watershed

TheSan Mateo Creek watershed islocated in the southern portion d Orange County, the
northern portion d San Diego County, and the southwestern-mostcomer d Riverside County.
San Mateo Creek flows22 milesfrom its headwatersin the Cleveland National Forest to the
ocean jud south of the City of San Clemente. The total watershed isapproximately 139 square
miles, and liesmostly in currently undevel oped areasd the Cleveland National Forest, the
northern portiond Marine Corps Base Camp Pendleton (MCBCP),and ranch landsin southern
Orange County (Lang,1998). Mgor (named) tributariesin thewatershed include Cristianitos
Creek, Gabino Creek, LaPaz Creek, Tdega Creek, Cold Spring Creek and Devil Canyon Creek.
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Elevationsrangefrom approximately 3340 feet above sealevel in the mountainsd the
Cleveland National Forest to sealevel at the mouth d San Mateo Creek.

The proposed project areaincludesthe portiond the San Mateo Creek drainagebasin within
Orange County, including the La Paz, Gabino and most of the CristianitosCreek watersheds,
plusadiver d thelower TalegaCreek catchment. Approximately17 percentd thetotal runoff
in theSan Mateo Creek basin emanatesfrom thesefour tributaries(Larry Carlson, MCB Camp
Pendleton, personal comm.).

The San Mateo Creek watershed isbounded on the north and west by the San Juan Creek
watershed, to thesouth 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 Juanand San Mateo Creek watersheds arelocated on the westernslopesd the Santa
AnaMountains, whichare part d the Peninsular Rangesthat extend from thetip d Baja
Cdifornianorthward to the PaosV erdes Peninsulaand Santa Catalina Island. Thegeology o
theregioniscomplex, and has been dominated by alternating periodsd tectonic downwarping
and uplift, and masswasting and alluviation. Within the watersheds, theSanta Ana Mountains
arecomposed d igneousand metasedimentary rocksd Jurassicage and younger. The exposed
crystalinerocksin the mountainousareasare slightly metamorphosed volcanics, which have
been intruded by graniticrocksd Cretaceousage, principally granodiorites, gabbros, and
tonalites.

Overlying theserocksaresevera thousand stratigraphic feet d younger sandstones, siltstones,
and conglomeratesd upper Cretaceousage, composed largely  material eroded from the
older igneous and metasedimentary rocks now withinthecored theSanta AnaMountains.

Y ounger sedimentary rocksd varying ages comprisethe bedrock between the Santa Ana
Mountains, their foothills, and the Pecific Ocean. Mogt d theproject areais underlain by these
marineand non-marinesandstones, limestones, siltstones, mudstones, shales, and
conglomerates, many d which weather, erode, and/or hold ground water in characteristic
ways. Overlyingthem are Quaternary stream and marineterraces, and Holocenestream
channel deposits.

205069 Sediment report update 6-24-05 Final.doc 6
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During the past two million yearsor so, the two watersheds have been affected by at |east three
processeswhich fundamental ly affect sediment yields:

= Continuing tectonic uplift, typically 400 feetor more, which hasleft at least four
main stream terracelevelsalong the mgor streams;

Downcutting d the main canyonsto sealevelswhich have fluctuated widely during
thegloba glaciations. Asrecently as18000 yearsago, worldwidesealevel was
about 410 feet lower, and the shorelinewas several milesfurther west than at
present. San Juan, Chiquita, Gobernadora, San Mateo, and Cristianitos Creeks
(amongothers) flowed in valleysgraded to the depressed seallevd, at elevations
often 80 to 120 feet lower than at present. Theflat valley floors now found along
thesestreamswere deposited assealevel rose, leaving often-sharpslopebreaksat
thebased theexisting hillsidesand tributary valleyswhich also have beenfilling
during the recent geologic past.3 Thesefill material sare geologically young, soft,
and proneto incision under certain conditions.

Developmentd hardpansin soilswhich formed under climates warmer/colder and
drier/wetter than present. The hardpansshed and convey runoff to headwater
streamsat relatively rapid rates, much asif somed theridgetopswere paved.

2 Soil types, ground-water rechargeand water quality are al so affected by these processesbut are beyond the scope
d thisreport.

3 Largelandslidesin the Monterey shaleand related formationsin the lower reachesd these streams (and on Radio
Tower Hill) probably occurred during low standsd sea level, when the major streams cut deeper and further into
the bedrock hills; thesedlides are relict features which do not add to present-day sediment yields, except where parts
o the slide massesmay beactively moving or incising.

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

Numerouseros on- and sediment-rel ated studi eshave been conducted for the San Juanand San
Mateo Creek watershedsand vicinity. Thesestudiesrange from watershed-scaleresource
studiesto more narrow technical investigationsd dopestability or hydrology. Thefollowing
isadescriptiond thestudies most pertinent to this report; amore completelist d references
cited isfound in Chapter 7.

* PWA (Stewartand Haltiner, 2004b) model ed the potential change in hydrology to several
proposed planning dternatives, including the B4 and B-10. They aso used the MUSLE to
quantify changesin upland sediment productionin response to the B4 alternativeon RMV
(Stewartand others, 2004a).

» GeoSyntec Consultants (2005) prepared a Water Quality Management Plan for the Rancho
Misson Viejo, describing potential water quality, water balance, and hydromodification
impactsdue to urbanization, and plansfor reducing theseimpacts.

e KEA Environmental, Inc. (1998)compiled asummary d baselineconditionsin the San Juan
Creek watershed for the U.S. Army Corpsd EngineersLos AngelesDidtrict in 1998.

= PCR, PWA, and Bdance Hydrol ogics (2001) described the baseline geomorphicand
hydrologic conditionswithin RMV.

= Simons, Li & Associates, Inc. (1999), prepared hydrology and sediment transport studiesfor
the US Army Corpsd Engineers San Juan Creek Watershed Management Study in 1999.

= R Danid Smith and hiscolleaguesat the Army Corpsd Engineers WaterwaysExperiment
Station recently completed assessmentsd riparian ecosystemintegrity in the San Juan and
San Mateo Creek watersheds (Smith, 2001; Smith and Klimas, 2003).

= Soilsmappingfor Orange County and thewestern part d Riversde County was published
by the U.S Department d AgricultureSoil Conservation Service (now the Natural
ResourcesConservation Service) in 1978. Soil mapping was published for San Diego
County in1973.

= Prof. Stanley Trimble (1997) at UCLA hascarried out along-termstudy o channel erosion
and sediment yieldsin the San Diego Creek watershed, adjacent to San Juan Creek.

* Duringtheearly 1980’s, the US Forest Service Glendora Research Station, the
Environmental Quality Laboratory and the Cdifornialnstituted Technology publisheda
seriesd studiesfocusingon the factorsthat influence sediment yield, transport, and
sediment management in Southern Cadlifornials mountains, coastal plains, and shorelines,
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and identified that episodic sedimentationis fundamental to foothill channelsin thisregion
(c.f., Wdlsand Brown, 1982, Wells, 1981; Taylor, 1981; Dunn, 1988; DeBano, 1988).

» VitoVanoni, Robert Born, and Hassan Nouri (1980) conducted a detailed study o channel
responseto the January-March1978 floods, including discussion d asand and gravel
mining operationa ong San Juan Creek.

Slopes, dopedeposits, and their stability have been assessed by Goffman, McCormick, and
Urban (1999)as part d field investigationsleading to the B-10M alternative devel opment
plan adopted in the RMV GPA /ZC project plan.

= Geologic mapping and engineering geol ogic assessmentsby CaliforniaDivison o Mines
and Geology gaff (Morton,1970,1974; Morton and Miller, 1981) have proven essential to
understanding (a) responsed varioussoil-geol ogic typesto episodic events, (b) the
distribution o sourcesd fine and coarse materias, and (c) the bedrock and hydrogeologic
conditionsthat serveto stabilizechannels.

A ranged additional studiesdescribing and defining bed conditionsand geomorphic
processesrequired or sought for sustai ningsuitable habitat or protectingsensitivewildlife
speciesare considered in the NCCP Guidelines, the Watershed Principles (NCCP/SAMP, 2003),
and in FCR and Dudek (2002), among others.

3.1 Field-based Studies Conducted

To supplement these keystone efforts, Balance Hydrol ogics has undertakensevera different
typesd field studieson and around the project area specific to sediment transport, including:

* Reconnaissanced bank and bed conditionson selected drainageswithin RMV;

» Concentrated studieson channel stability within the Gobernadoraand Chiquita
watersheds (Brownand Hecht, 2004);

Estimatesd pesk flow by standard indirect proceduresand baseflow measurementsat
established crosssectionson drainageswithin RMV (initially presented as Appendix A
d Hecht, 2001, and subsequently updated);

= Stream gaging, operated by Wildermuth Environmental and Baance, at severa
locationswithin the project areaat which baseline peak flowsand hydrographsare
being devel oped.

Thi s field work issupported and augmented by knowledge gained through thestudy o aeria
photographs, soil surveys, geologic maps, and other previousstudiesperformedin southern
Orange County.
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Through thesefidd studies and supporting background research, we have compiled an
extensivedataset o thecharacteristicswithin RMV that drive, maintain, and otherwiseaffect,
sediment transport. Inthis report,thi s field knowledge will be used to substantiate, support,
and/or supplement the estimatesof changesin sediment availability using the MUS_E method.

32 Terrains

Terrain designationsarelargely based on soils, geology, and topography, as these provide
many d thefundamental factorsthat influence the hydrol ogy and geomorphol ogy
characteristicof each terraintype. Bedrock is the raw material from which soilsare weathered,
and, assuch, it determinesthesize and typesof particlesthat will comprisethesoil. The
resistanced differentkinds of bedrock toweathering and erosion also control sthe topography
of thelandscapewithin agiven terrain and, therefore, influencesthe hydrology o the
watershedsand morphology of thedrainagenetworks. Watershed hydrology isalsostrongly
influenced by the annual and multi-year climatic patternstypical o Southern California.

Three mgor geomorphic terrainshave been identified by Baancestaff within theSan Juan
Creek and western San Mateo Creek watersheds: (1) sandy and silty-sandy; (2) clayey; and (3)
crystalline (PCR and others, 2002). Theseterrainsare manifested primarily asroughly north-
south oriented bandsd different geologicand soil types. Thesoilsand bedrock that comprise
thewestern portionsd the San Juan Creek watershed (i.e., Os0 Creek, Arroyo Trabuco, and the
lower third o San Juan Creek) containa high percentaged clay. Thesoilstypical d theclayey
terrain includethe Alo and Bosanko clayson upland slopesand the Sorrento and Mocho loams
infloodplain areas. In contrast, themiddle portiond theSan Juanbasin, (i.e., Cafiada Chiquita,
Gobernadora Canyon, and the middlereachesd San JuanCreek) isa region characterized by
silty-sandy substrate that featuresthe Cieneba, Anaheim, and Soper |loamson thehillslopes and
the Metz and San Emigdio loamson thefloodplains. Within thesesandy and siity areasare
erosional remnantslocally overlain by between 2 and 6 feet o exhumed claypan or hardpan.
The upstream portions the San Juan Creek watershed, comprising the headwatersd San Juan
Creek, Lucas Canyon Creek, Bdl Canyon, and Trabuco Creek, may be characterizedasa
"crystaling” terrain becausethe bedrock underlyingthi s mountainous region is composed of
igneousand metamorphicrocks. Here, slopesare covered by therelatively coarse-grained
Friant, Exchequer, and Cienebasoils, among others, whilestream valleyscontai n deposits of
gravelly and cobbly sand.
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4. FINDINGS

Th's chapter describes the typesd analysisundertaken to support and supplement the MUS_E
sediment transport work by PWA (Stewart and others, 2004a), which discusses the processand
resultsd the sediment supply ratecomparison d pre- and post-devel opment conditions. The
following sectionsput these resultsin abroader context, addressing other sourcesd sediment
aswel| asdistinguishingtypesof sediment transport. They also addresshow geomorphic
principlesapplied at thelandscapeand project scal e have been implemented to reduce the
negativeeffectsd urbanization on sediment and bed conditions.

4.1 The Modified Universal Soil Loss Equation (MUSLE)

The universal soil loss equation (Wischmeierand Smith, 1965) was originally developed to
quantify soil lossfrom cultivated fields, but isalso commonly used to assesschangesin erosion
rateson awatershed scalein response to changesin land cover or land use. Orange County
recommended theuse d the modified universal soil lossequation (MUSLE; Williams, 1981) as
an index quantifying the changein sediment production within the proposed project areain
response to planned urbanization. Theresultsd thisstudy aresummarized in aseparate
document (Stewartand others, 2004a).

Theresultsd the MUS_E analysisreflect an important portion d the upland sediment
production within the watershed. Thefactorsused in the MUSLE method, by definition,
consider mainly sediment production under 'norma’ conditions, and explicitly do not consider
erosion or sediment transport associ ated with episodic eventssuch aslanddlides or mudflows,
and other watershed disturbancessuch aswildfire. In the predominately intermittent streams
d Southern California, however, much or most d the sediment transport occursin response to
these episodic eventsand, increasingly, watershed disturbance (seed so section 4.3).

The numbersderived using the MUS_E method quanbfy (tosome extent) the amount d
upland soil lost from sheet and rill erosion, but do not directly correlate to stream sediment
yidd (Wischmeier,1976). A portiond the soil eroded from the lope segmentsisdeposited
downdope, accumulatingin alluvial storage areaswithout reaching the main stream channdl.
Additionally, some sediment may reach the channel system but isstored in the channel or
riparian corridor. Conversaly, bank erosion or incisond channelscan release much additional
sediment i nto the stream system, sometimesseveral times the MUS_E background rateif the
watershed hydrology changessubstantially. Releasesfrom or storagein thechannel comdor
maly also account for differencesbetween MUSL E-derived numbersand actual measurements
d sediment transport or o reservoir sedimentation.
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The MUS_E method aso doesnot normally includean analysisd the cydlic sediment
production associated with urbanization. Upland sediment erosionistypically reduced
following the construction phase, as much d land surfaceis covered with pavement or
stabilized by landscape vegetation. However, urbanization sometimesincreasessediment yield
further downstreamwithin the watershed, as channel sadjust to new hydrologic conditions,
causing incision and bank erosion. Channel adjustment is occurring in GobernadoraCanyon,
Trampas Canyon and el sewherewithin the project area related to existing upstream land uses.
Theincision associated with these'hydromodification effects must reasonably be considered
separately from the MUSLE analysis(seesections 4.5 and 4.6, and GeoSyntec, 2003, 2005).

Because d thetimescaleand variability of the sediment transport processesnot included in a
MUSLE analysis, it isdifficult to provide quantitative estimatesd sediment transported by all
the relevant geomorphic processes. It ispossible, however, to qualitatively describe how these
processesrel ate to upland sediment production (asestimated by MUSLE), and estimate the
likely percentaged sediment transport that iscovered by the MUSLE method. These

rel ationshipsare discussed in the sediment transport process sectionsbel ow.

Insummary, the MUS_E method providesa useful comparison d therelativepotential change
inbaseerosion ratesd uplandsin responseto land-usechangefollowing urbani zation, but
considerationshould be madefor sourcesand sinksd sediment, and processesd
sedimentation and erosion, not covered by MUSLE analysis. Further, asnoted below, other
metrics may prove moresignificant than MUS_E volume cal cul ationsin assessing sediment
statusand bed conditions.

42  Sediment Transport Needs of Aquatic Species

In conjunction with the'coordinated process involving the NCCP/MSAA /HCP, SAMP and
the GPA /ZC, leading loca biologists prepared a report addressing geomorphicand hydrologic
processes that must be considered in long-term habitat conservation planning (PCR and Dudek,
2003). Although the Geomorphic and Hydrol ogic Needs report addresses the habitat needsd
listed aquatic/riparian dependent speciesonly, thesespeciesare effectively surrogate planning
speciesfor the general ranged aquatic/riparian habitat systemsin the study area because the
listed specieshabitat needsreflect a broad spectrum d habitat considerations.

Thefollowingisashort summary d most pertinent habitat needsd sensitivespeciesthat either
occur onsite (arroyotoad, least Bdl's vireo, and southwesternwillow flycatcher), have the
potential to occur in thefuturein San Juan Creek (southernsteel head), or occur downstream of
RMYV in theSan Mateo watershed (southernsteelhead and tidewater goby) as they relateto

205069 Sediment report update 6-24-05 Final.doc 12



Balance Hydrologics, Inc.

sediment transport processes. For athorough discussiond the habitat needsfor thefive
sensitivespecies, see the PCR/Dudek report (2003).

Arroyo Toad:

o usesandy and gravelly sediment produced in upland catchmentsand
deposited in barswithin thestreamsfor breeding and foraging habitat.

o depend on periodic scouring flowsand mass movements/debris flows
for maintaining and regeneratingbreeding habitat.
Least Bdl's Vireo:

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

Southwestern Willow Flycatcher:
o utilizebroad, stableterracesfor habitat.
Tidewater Goby:

o cannot tolerateexcessvey high levelsd finesediments?, as thiscould
resultin mortality d eggsor juvenilesby burying spawning aress, by
depl eting oxygen, or by constrainingaccessd spawners.

Southern Steel head:

o spawnin gravelly substratestreamshaving pool-rifflemorphology;
thesegravelsmust berelatively free d fine sediment, with adequate
interstitial spaceincubationand oxygenationd theeggs.

o usepoolsand cover created by logs, logjamsand other organic debrisas
rearing habitat, allowing them to grow beforethey out-migrateto the
ocean; riparian corridorsmust be sufficiently wideto grow thelarge
t runks needed to regularly provide the raw materialsfor logjams, which
oftenlast only for 5 or 10 years before decaying.

Many d the processeslisted abovearefurther detailed in thesectionsbelow. Planning
principles have been implemented to avoid or substantially minimize negativeeffectsto the
aquatic/riparian habitatsd thesesensitivespecies (seesectionsbel ow for specific planning
measures).

4 In thiscontext, fine sedimentsare the days, silts, and finest sandstrangported fully in suspensionby thestreams,
then deposited in theflat-water environment of thelagoonsused by thetidewater goby for spawning.
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4.3 Sediment-size Considerations

Early assessmentsd bed conditionsand water quality in the proposed project areaidentified
four key goalsrelated to sediment size:

1. Whilelimiting erosion and additional sediment transport are sound gods,
maintaining asupply o sand and fine gravel isimportant both for sustaining the
habitat of arroyo toadsand other sensitivespecies, and ultimately for discharge
into the beach sand littoral system.

2. A reductionin finesediment transport or depositionon thebed o thestreamis
seen asa benefit to channe, riparian, habitat functionsand valuesin genera,
and will be consi stent with conservationgoalsfor the arroyo toad, tidewater
goby, least Bdl's vireo and other listed or sensitivespecies.

3 A reductionin finesediment will reduce concentrationsd use- and habitat-
impairing biostimulatory nutrientsand trace metas, particularly in winter
baseflows(Orange County database; Ballman and others, 2001).

4. Turbidity isdirectly correlated with erosion and transport d finesediment.
Reductionsin thesupply d finesediment entering the stream system will
directly reduce ambient turbidity during al storm runoff conditions, both winter
and summer, reducing or eliminatingimpactsto aquatic environments.

Urban and open-space devel opment under the B-10M alternativehas been planned with the
duel goa d reducing excessivegenerationd fine sediment while aso maintaining the
transportd sand and fine gravel to sustai n sensitive-specieshabitat and help sustain beach
sand supply. Thebasisfor thesedual goalsand the approachesto be used to attain them are
described in thefollowing sectionsS. These sectionsqualitatively describethe anticipated
effectsthat urbanization and other proposed land-usechanges may have on coarse- and fine-
sediment supply, and the relative benefitsand/or detrimentsd each.

4.3.1 Coarsesediment

Medium-grained sand and finegravel ared particular interest in the San Juanand San Mateo
watersheds, as theseare the typesd sediment that are most important for in-stream habitat
value, stream channel stability, and beach replenishment.

5 The MUSLE methodsrequested by Orange County to evaluate sediment and sediment transport for flood-
protection consider ationsunfortunately do not addr essthe sizesof thesediment eroded or trangported; theanalyses
in thisreport can help supplement other submittals.
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Asdiscussed in section 4.2, coarse sediment isan important componentd the riparian habitat
used by arroyo toad and other sensitivespecies. Asan example, Arroyo toad occupy diverse
habitat areasover their lifecycle, ranging from in-channel and overflow pools, to open

sand /gravel bars, to sandy oak/willow terraces. They depend on aperiodicinflux of coarse
material to maintain these geomorphic features, along with thescouringand vegetation-
clearingfunctionsd thelargeflowsassociated with the influx of coarsesediment. PCR and
Dudek (2002) provide adetailed descriptiond theimportanced coarse sediment to Arroyo
toad and other sensitivespecieshabitat.

Beachesal ong the Orange and San Diego County coast are very important ecologically,asan
element o shorelineprotection, and asacentral amenity and icon d place. Both San Juanand
San Mateo creekscontributesand to the Oceansidelittoral cdl, which extends65 milesfrom
Dana Point to Point La Jolla(USACOE, 1990). Since1958at |east eleven different sediment
budget analyses have been devel oped to model beach sand processeswithin the Oceanside
littoral cell (USACOE, 1991).¢ Thesestudies haveidentified streamsasresponsiblefor
contributingbetween16 to 61 percentd total beach material inputs, with 33 percent being the
estimatein the1990 and 1991 Corpsd Engineersstudies. Theremainder d the beach material
iscontributed by erosion o seacliffsand coastal terraces. Thewideranged estimatesis
probably theresult d the different assumptions underlying thevarious sediment budget
studies aswell asactual year-to-year or decadal fluctuationsin storm and waveconditions
which entrain and deposit the material.

Thematerialsthat contributeto beachesal ong the Oceansidelittoral 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. Thebeach area to which the San Juanand San Mateo Creeksdischargeis
characterized by abimodal grain sizedistribution. Approximately15% (by weight) d the
sedimentshave adiameter o about 8mm, and 3% are approximately 0.3mm in size (USACOE,
1990). Thisdistributionillustratestheimportanced gravel (classifiedas sediments4 to 64 mm
insize) and medium sand (0.25 to 0.5 mm) on beachesin thestudy area. Cobblesasohavea
substantial rolein beach morphol ogy and stability, but are relatively scarce by volume. The
largest material tendsto reside thelongest on the beachesbefore being transported offshore.

4.3.1.1 Identification of coarse sediment supply

To identify the areaswithin the two watershedslikely to have the highest potential to yield
these coarse sediments, Balance has applied a spatially distributed modeling environment

6 Oned themog recent and comprehensiveanalyses, this 1991 analysisalso identified that San JuanCresk
contributesto adistinguishableand northernmost subcell, bounded by Dana and San Mateo Points.
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within a geographic informationsystem (GIS). The analysi srecognizes that coarse sediment
(importantfor habitat need.and for beach materia supply) originateby two linked setsd
processes.

Y ear-to-year, chronic coarse-material delivery suitablefor beach supply and valuable
habitat, originatesfrom easily erodible sandy and gravelly substrate.

Episodic coarse-material delivery, such asfollowingfires, floods, or landdlides,
contributes pulsesd coarsesediment to the channel (and beaches), but also to
floodplainstorage sites, from which the material scan subsequently be metered out as
partd the year-to-year contributionsresulting from smaller-scalestorms (Hecht, 1993,
Inman and Jenkins, 1999).

While both sourcesare volumetrically importantin termsd coarse-materia supply (c.f., Wdls,
1988; Taylor, 1981), the processesby which they deliver sedimentsdiffer. To estimate chronic
coarse-material sources, we considered four factors associated with soil typeand geology. Each
factor wasused asafilter through which to screen out areas that are not expected toyield
coarsesediment. Thesefactorsinclude:

Theinherent erodibility, ‘K’ factor, d thesoil isgiven the mostimportancein the
methodology. Soil erodibility isaffected by theinfiltrationcapacity and
structural stability d thesoil. Soilswith ahigh infiltrationcapacity and low
structural stability are morelikely to erode. Sandy soilswith ahigh K factor are
considered an importantsourced sand while clay soilswith low erodibility are
lesslikely to yidd medium- to coarse-grained sediment.

Sopeisthe second filter through which weidentified beach sand supply aress.
Areaswith steep slopeshave higher runoff velocity, moreerosive power and
thereforea greater capacity to deliver and transport coarsesediment to the
stream.

Thethird factor, runoff potential, identifiestheinfiltrationrated asoil and can
be used to estimate runoff fromrainfall. Soilswithlow infiltrationrates
(group D) have high runoff during at least someeventsand are therefore
considered to createrills, gullies or incised reaches, which may transport more
sediment (both coarse and fine) to theloca master streams, and thenceto the
beach. Group A soils presently have ahigh infiltrationratewith lower runoff.

Thelithology d thesoil parent material aso influenceswhether an areaisa
beach sand source. Alluvium, volcanic, sandstoneand crystallinebedrock types
aremorelikely to produce coarse sediment as they weather or erode, whereas
shale, siltstone, and mudstone are much lesslikely to producethe medium
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grained sandsand pebblesimportant to aquati c speciesand beach sediment
supply.

The analytical approach to the terrain analysisis presented diagrammaticallyin Appendix A.

Theresultsd this analysisfor theSan Juanand San Mateo watershedsare shown in Figures1
and 2 highlightingareasd primary and moderate potential sourcesd coarse-sediment supply
(shadedred and yellow respectively). The primary sourceshighlighted by ths method are the
aluvial depositsfound in streambedsand stored on floodplainsand in eroding or erodible
terraces. Thesedepositscontain considerableamountsd unconsolidated sand and fine gravel
that are availablefor transport by the stream, and supply coarse sediment on achronic, year-to-
year basis (during'typica’ flow events).

Based on recent studiesd post-firesedi ment management along the San Gabriel Mountains
front (c.f., Wdls, 1988; Taylor 1981; also, Table 2) and reported observationsfollowing the
December 1958fire (Fife, 1979) in the project area, aswell aslocal field work and aeria
photograph analysisconducted by Balance Hydrologics; it wasconcluded that the upland areas
underlain by granitic and metavol canicrockssupply asignificant amount o coarse sediment to
the streamsand floodplains. Thi s sourced sand ispredominately mobilized only during
extremely intenseand/or long duration stormevents, like those that occurred in 1916,1938,
1969, and 1995, or after watershed-scalefire removesstabilizing vegetation (seea so section
4.3). Muchd thissand is transported to the stream mainstems and stored on the floodplains,
whereit helps maintain the habitat areasimportant to sensitivespeciesand replenishesthe
chronic, alluvia beach sand sources. Hence, the ultimatesources of much d 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 soilsformed on granitic
and metavol canicrocksexposed in the upper portionsd the watersheds.

In order to highlight theseareasd episodically-ddlivered coarse sediment contributing material
to thechannelsand beaches, Figurel showsareasd steep terrain underlainby graniticand
metavol canic rocks (stippled pattern). These unitsinclude the Santiago Peak volcanics, the San
Marcosgabbro, aswell asundifferentiated granodiorite and tonalite. Thisanaysisaso
included the Trabuco formation (a.conglomerate) becauseit includes much graniticand

metavol canicsand, gravel, and cobbles, and isasourced coarse stream sediment (Fife, 1979).

Additionally, there are several sandy/silty sedimentary ui ts in thecentral portiond the San
Juanand San Mateo watersheds(predominately the Santiago and Sespeformations). Erosond
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theseformations a so contributesto the sand supply stored in the side canyons (specificaly
Chiquita, Gobemadora, upper Gabino, and to someextent Cristianitos), and in the mainstem
aluvia deposits. However, sediment generated from these unitsalso containssignificant
amountsd silt-sized particles, smaller than thesized sedimentimportant to aguatic habitat
and the material forming the Oceanside Littoral Cell beaches. Wherethesoilsare suitable,
these areascontributelight to moderatevolumesd sand and silt, typically during episodic
conditions(Morton, 1970,1974; G. Aguirre, pers. cornm.), but aso on amoreregular basis.
Theseareas, identified through the GIS analysi sdescribed above, areincludedin the'moderate
classfication(Figuresland 2).

4.3.1.2 Protection of coarse sediment supply and sediment transport

Planned urbanization under the B-10M altemativehasbeen concentrated, to theextent
practicable, in areasthat are not primary sourcesd coarse sediment supply (Figure?). Much d
theprimarily ridge-top residential devel opment hasbeen planned for areasthat are underlain
by finer-grained bedrock, or bedrock that is capped by fine-grained and relatively erosion-
resistant hardpan soils. The Chiquita, Gobemadoraand Cristianitos/Gabino devel opment
bubblesareexamplesd these practices. In Trampas Canyon, the development bubbleissited
primarily in theareaupstreamd theexisting glasssand plant, which already traps the mgority
d thesediment produced within that portion d thewatershed (and essentialy all o the coarse
sediment).

Urban areashave generally been set back from thealluvial valley floor areas adjacent to mgor
streams, and urban devel opment within smaller side-canyonshas been severely restricted, such
that the stream corridors natural valuesand physical integrity have been protected. One such
valueisthat the main chronic supply sourcesd coarsesediment will remainintact.
Additionally, the protectiond the widestream corridorswill maintain current sediment
storagewithin thevalleys, and allow for transport d sediment from the upper portionsd the
watershed, the ultimate sourced much d thecoarsematerid. Finally, the proposed B-10M
atemativelimitsthenumber d in-streeamstructures, and where planned will consist o bridge
pilingsfor larger channdl crosssectionsand large box culvertsfor somesmaller stream
crossings. Thesefeaturesallow continuity o sediment transportin general, and avoid
interrupting the movement d coarse sediment material to downstream reachesand the coast.
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4.3.2 Fine sediment

4.3.2.1 Existing conditions

Theintroductiond excessfine sediment (finer than coarse sand) to astream channel isd
particular concern due to its potential impactsboth on habitat and on sensitivespecies(c.f.,
PCR and Dudek, 2002). In the past much of the areawithin RMV was used for nurseries, truck
crops, orchards, and stock grazing, dating back to theinitial European settlement o thearea.
In addition, portionsd RMV have been mined for clay (Cristianitossub-basin). These practices,
at leastin part, have significantly increased theamountd finesedimentintroduced to stream
channelsby exposing bare soil to erosion by rainfall, reducing the amount o soil-stabilizing
vegetativecover, and increasing runoff due to compactiond thesoil. Today, RMV employs
best management practicesto reduceerosion from orchardssuch as planting on the contour
and theplanting d cover cropsin between treerowsin orchards. Grazing best management
practicesfollow alow/moderate grazing regime that includes a twenty-five percent dry
residue matter standard and arotational pattern that allowspasturesto rest for extended
periodsd time. Present grazing practices, under the grazing BMPs, have been consistent with
conditionsd high biodiversity and stand in contrast with intensivegrazing areaselsewherein
thewest.

Perhapsthe greatest influenceon ratesd finesediment generation, over time, hasbeen the
displacement d native grassesand sagescrub by Mediterraneangrasses. Thi s transitionto
non-nativegrassandsis generally associated with European settlement d the area, beginning
asearly asthe1700s, and isdue, at least in part, to intense grazing practicesassociated with this
settlement. These non-nativeplantslack the root systemsand stormwater infiltration
capabilitiesd native plant speciesthat help reducethe generationd finesediment, and thus
they facilitaterapid stormwater runoff and excesserosion.

Clay mining no longer occurson RMV, however thereisahigh concentration d fine sediment
currently emanatingfrom the exposed former clay pitsin theGabino and Cristianitos
watersheds. Additionaly, thereisasignificant sediment influx in upper Gabino, at thebased
severa mgor debrisdlides.

Further, thereisalargesupply d sediment (bothcoarse and fine) that isbeing transported
within Gobemadora Creek from channel erosion in the urbanized upper portiond the
Gobemadorawatershed. Thi s sediment, primarily medium- to fine sand, has caused sigruficant
aggradation in the stream channel within RMV, which in turn has caused thestream to jump its
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banksand carve anew channel, eroding through depositsd sand, silt, and dlay, introducing
additional finemateria into thestream.

4.3.2.2 Limiting generation of fine sediment

TheB-10M alternativefollowsseveral d the Basdline ConditionsWatershed Planning
Principles(NCCP/SAMP, 2003) intended to reducetheamount d fine sediment to thestream
channels:

1. Urbanization footprintsfor the project areaaresited on areasd the watersheds
that are currently generatingsignificant yieldsd finesediment. Covering these
areaswith impervioussurface and landscaping vegetation will reduce the
amount d fine sediment eroded from theseareas. Specificaly, the clay hardpans
on theridgeseast d Chiquita and GobemadoraCanyons, aswell astheclay pits
aread theCristianitos/lower Gabino watershedsare planned for urban
development.

2 Continuationd thecurrent grazing best management practiceswill continueto
minimizetheimpact d grazing to sedimentinputs.

3. Native upland vegetation restoration in someareasd thewatersheds
characterized by clay soilswill reducefine sediment generation.

4. Riparianvegetation restoration will increasebank stability o the streamsand
increase the buffering capacity o the channelsfor both flow and sediment.

5. Soail stabilizationmeasures, along with upland vegetation restoration, are
proposed to addressexisting conditionsin the upper Gabino watershed.

6. A modulation basin has been proposed to be placed in Gobemadora Canyon just
downstreamd the Coto de Caza project. Thi s basinisintended to reducethe
unnaturally high sediment transport within the tributary by both trapping
sediment from upstream and modul ating stormflows emanating from the upper
watershed to reduce downstream erosion effects. It isexpected that thebasin
will substantially reduce theamount d sediment being transportedin
GobemadoraCreek (both coarse and fine), areduction that is needed to reduce
existing urban impactsto 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 di stingui sh between coarse- and fine-sediment generation. This
isasignificant limitation in that the benefit or detriment o the addition or lossd sediment
availability dependson thesize d thesediment. For example, areduction in finesediment
(<0.25 millimeters) is often seen as abenefit, especially in areas that have an unnaturally high
pre-urbanrated finesediment. A reductionin coarsesediment, however, could havea
sigruficant negativeimpact on habitat value or beach sediment supply. Idedlly, urbanization
would be planned to reducethe generationd finesediment, and maintain the production o
coarse sediment within thewatersheds (seesections4.3.1.2and 4.3.2.1above).

44  Episodicity

The MUS_E method d assessing changes to sediment transport only consi derschanges under
'norma’ conditions. However, sediment transport in semi-arid and arid climatesis heavily
dependent on episodic events, such aswildfiresand debrisflows. Many d thestreamswithin
thestudy areaareintermittent, and all areepisodic. Conceptsd ""norma*™ or " average”
sediment-supply conditionshavelimited valuein this*flashy" environment where episodic
storm and wildfireevents haveenormousinfluence on sediment conditions. Many o these
channelsare usualy dry, or are actively adjusting to lower flowsthan thelast mgor event,
which may have occurred many yearsbefore?. In the semi-arid, M editerranean-typeclimate o
southernCalifornia, large sediment movement events can occur in amatter o hoursor days. In
many d these channelsmogt sediment is moved—and most bed changes occur-during the
largestormswhich may beexpected every 5to 15 years(c.f., Krall, 1969; Hecht, 1993; Inman
and Jenkins, 1999).

Figure3 highlightstheepisodicity o sediment transport in San Juan Creek at San Juan
Capistrano. Inany given year, over hdf d the sedimentistransported during highest one
percent d flow in theyear. In addition, year-to-year trendsin sediment transport vary by
ordersd magnitude, with themgjority o the sediment transported in three years (1978,1980,
and 1983) over theeighteen-year record.

According to accountsd unpublished U.S Forest Servicedata on thefire history d the upper
San Juanwatershed, the greatest historicfireexperienced prior to 1978 was the Steward Ranch
fire, which occurred in December 1958 and burned roughly 76 percent d the upper San Juan
watershed above the confluencewith Bdl Canyon (Fife, 1979; see also fire mapswithin the

7 Actively adjugting channelsmay be aggr ading, incising, expandinga other wisechanging channd dimensions,
dependingon the magnitude, type, and variouseffectsd the episodicevent.
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Southern Sub Regiona Wildland Fire Management Plan, Appendix K d Final EIR 589). After
the1958fire the chaparral did not fully re-grow until 1968, and had thelargefloodsin 1969
occurred in 1959, runoff and sediment yield during that event would probably have been even
higher than the already-highlevel sexperienced. Th s illustratesnot only theimportanced
episodic events but the connectionand interaction between different typesd extremeevents.

A reasonableestimated therecurrenceinterval for remotewildland firesin Southern
Cdiforniachaparral isabout 25 to 35 years (Fife, 1979; Ca caroneand Stephenson, 1999).
Followingfurther development o the watershed, thefrequency with which firesoccur in
National Forest land isunlikely to change. An aggressivefire prevention and suppression
program is however, planned for the development bubbles (AppendixK d Fina BR 589).
Wildfirein adjacent areas will be controlled through the application o the Prescribed Fire
Program (AppendixK o Fina HR 589).

4.4.1 Planning considerations for episodicity

Episodic sedimentation is usually important to maintainstreambed conditions, and isd
particular importancein sustaining habitat valueand the bed mosaic required by least Bdl's
vireo, arroyo toad, and other speciesd concern. Episodiceventsare aso vital in maintaining
themix d open channel and vegetated banks most likely to convey high flowswith nihni num
bank erosion or channel disturbance. With appropriateplanning, theseeventsaso have abasic
rolein channel restoration (Hecht, 1993). Anticipating episodic eventsand their effectsisa
significant available vehiclefor integratingthe'flood protection’ and 'habitat protection’
aspectsd channel management, as outlined in the project gods.

TheB-10M alternativeallows thisepisodic roleto persist asfollows:

Thetwo canyonswithin RMV that include the generationand transport o magor
sourcesd coarse sediments (seeFigures1 and 2), Verdugo Canyon and La Paz Canyon
are protected to provide unimpeded sediment generation and transport (sediment
movement downstream d the confluenceand La Paz and Gabinoisassured through the
protection d both sidesd middle Gabino and the protectiond thewide, braided
channel d lower Gabino)

* Sediment generationand transport in areaswith moderate potential (erodible
sandy/silty soils) are protected by leavingat least onewholesided the Chiquita,
Gobemadora, Narrow, Cristianitos, and Gabino watershedswith intact natural slopes
draining directly into thesechannels.
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* No new at-grade roadswill be constructed in San Juanand lower CristianitosCreeks,
alowing for continued transportd coarse sediment and channel adjustment o these
mgor channels. Additionally, theexisting crossing in lower Gabino will be upgraded
from a pipeculvert to abox culvert, and theexisting Cow Camp Road crossingin San
JuanCreek will be retrofitted for better fish passage.

Not only will sediment continue to naturally enter these channel sfrom upslope areasduring
(andfollowing) episodic events, but thegeneral lack o infrastructureand proposed
improvementsto existing infrastructure facilitate managing theseareasfor continuing episodic
contributionsd sediment.

4.4.2 Episodicity and tt MUSLE/LAD |

Smons, Li & Associates (1999) estimated sediment production for the upper San Juan and
Arroyo Trabuco watersheds using both the MUS_E and Las Angeles Debris (LAD) method.
The LAD method was designed for use in thesteep San Gabriel Mountains, and appliesafire
factor intended to incorporate(at least partially) episodicevents. TheS_A comparison showed
that LAD estimatesof sediment production are 137 to 190 percent higher than estimates
derived from the MUSLE method, and givesabroad estimated additional sediment
productionin response to episodic events (Table2).

45 Regional Sediment Transport

Studiesin which suspended (and sometimesbedload) sediment are sampled typically lead to
thedevelopment d asediment rating curve, such astheonesshownin Figure4. In these
studies, hydrologists and geomorphologists sampleto measure the amount d sediment moving
inagivenflow past apoint. After aranged flow conditionshasbeen monitored, sampling
resultsare then plotted on arating curve that can be used to predict the amount o sediment
moving under avariety d streamflow conditions. Oned thelimitationsd thismethod o
analysisisthedifficulty d making measurementsduring the high flowsat which the mgjority
d sediment istransported, and the scarcity o opportunitiesto do so, especially during daylight
hours. While fine sedimentscan be transported at low and moderate flows, coarse sediments
normally require moderateto high flowsto becomesuspended in the water column or to move
asbedload.

The U.S Geologicd Survey (USGS) operatessix suspended sediment stationsin the vicinity d
the RMV for which daily streamflow, daily mean concentration d suspended sediment, and
daily suspended sediment dischargevaluesfor the stationsare published in the online USGS
Sediment Database(webserver.cr.usgs.gov/sediment). We used thesedata to generate
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sediment rating curvesfor the six stationsbased on the rel ationshi p between daily streamflow
(cfs)and daily suspended sediment discharge (tons/day). It should be noted that the USGS
data does not di stinguish between fine- and medium-grai ned suspended sediment, and
thereforeconclusionsregarding the rel ative sediment size between watersheds can not be made
smply by using the suspended sediment datas.

In comparing yield figuresor sediment rating curvesfor different watersheds, it isimportant to
keep in mind differencesbetween the basinsthat will affect sediment yieldsand transport.
Thesefactorsinclude precipitation regime, geology and soils, relief, bank and bed stability,
drainagearea, typeof stream (i.e., alluvial or bedrock), tectonic setting, and fireand land use
history d thebasin.

Therating curvesfrom thesix loca stationscan be compared to the other stationsin the region
withsimilar underlying geology and mean annual rainfal (Figure4). Table1lisgtsseveral
characteristicsfor each subwatershed consideredin the sediment rating curve analysis. In
generd, drainageswith smilar physical characteristicsfunctionin asimilar manner and have
smilar ratingcurvedopes. O particular interest are subwatersheds underlainby Monterey
shale which have steeply slopingsediment rating curves. Thi s diatomaceous, chalky rock
weathersquickly and yieldshigh quantities of sedimentsat all flows. Vey littlesand is
produced from thisgeologic type. In contrast, the crystallinebedrock sediment yield ishighly
episodic. At most flowscrystallinewatershedswill producefew sediments; however, at
extremey high flowsand/or after firescrystalline watershedsyidd high quantitiesd
sediment.

Sediment-rating curvesfor San Juanand San Mateo Creeksfall within thelower hdf d the
rangefor suspended-sediment transport ratesfrom watershedswith smilar climate, geology
and land use, but are not drastically different than other watershedsin the area (Figure4). The
San Juanand San Mateo Creek Watershedsyidd distinctly lesssediment than Arroyo Trabuco;
for example, during 1984, amoderately dry year, Arroyo Trabuco transported 17,200 tonsd
sediment, while San Juan Creek was reported to yied about 3232 tons. Thi s marked difference
islikely an artifact of theamount o fine sediment availablein the Arroyo Trabucowatershed
versus the upper San Juan (dueto differencesin geology), but may also reflect an erosive
responsed the Arroyo Trabucochannel to recent urbanization. Tablel compares these two

8 Sediment carried in suspensioncan includea rangeof sizesup to coarsesand or even gravel, depending on stream
dischar ge, turbulence, and sediment availability,among other factors.

$ Themost recent year during which both gageswer e oper ated by the US Geological Survey. WY1984 wasa
relatively dry year, with runoff about 40 per cent of the long-term averageon San JuanCreek.
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streamswith other systemswe consider to be d the same genera typeswithin the central and
southerncoastal mountainsd California.

Suspended sediment dischargein San Mateo Creek islessthan both San Juan and Arroyo
Trabucofor al measured flows. Sediment datafor thi s stationisonly availablefor water year
1984. Thiswasadry year after several relatively wet years, notably 1978,1980 and 1983. Itis
likely that amgjority o the available sediment was removed from slope storageand
transported down San Mateo Creek during the prior wet period leaving lessavail ablesediment
on theslopesin 1984. Another factor that may contributeto the lower suspended sediment
dischargein San Mateo Creek isthe absenced Monterey (or Monterey-type)shaleand related
sedimentary rocksin the drainagegeology. Thi s soft and fractured diatomaceousrock that
underlies10 percent d thedrainageareain both Arroyo Trabucoand San Juanis known to
yield high quantitiesd sediment asit weathers, possibly causing an upward shift in sediment
rating curvesin thesewatersheds. A third factor contributing tolow levelsd suspended
sediment in San Mateo i s the drainagearea s ze, since sediment concentrationsgenerally
decreasewith thescaed thebasin. TheSan Mateo Creek at San Onofre station has the largest
drainagearead all stationsconsideredinthi s analysis.

Theabovediscussion coverstransport rates o suspended sediment, composed primarily o fine
particles(finesand and smaller). Coarser grained sedimentsare transported primarily as
bedload. Suspended sediment transport isrelated to bedload transport, but not necessarily
Linealy or predictably. Theratiod suspended sediment to bedload is primarily dependent on
the type of sediment supplied to the stream, although many other factorscan affect theratio. In
clayey watersheds, a higher percentageof total sediment load is transported as suspended
sediment than in watershedsthat producesand and gravel-sized particles.

Becaused the difficulties in measuring bedload, therearefewer studiesthat includebedload
transport rates than suspended sediment rates. Knudsen and others (1992) summarized severd
studiesd bedload as a percent of total load for 12 mgor streamsin central and southern coastal
Cdlifornia. These studiessuggest that bedload may congtituteaslittle as 2 percent and as great
as60 percentd thetotal sedimentload d the stream. Kroll and Porterfield (1969) estimated
that 59 percent d the sediment transported by San Juan Creek isbedload, although they did not
directly measurebedload. Their estimateis most likely an upper-boundestimated current
(2004) conditions, as the January and February 1969 stormshad disturbed the slopesand
channds, allowingfor arelatively high mobilization o bed material. In 1979 and 1934, the
USGSmeasured both suspended sediment and bedload at the San Juan gage. Percent bedload
iNn 1979 was49 percent, and was 31 percentin 1984. Theseareboth lower valuesthan for the
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San Mateo watershed, where the very limited USGS measurementsd suspended sediment and
bedload suggest that San Mateo Creek carried 50 percent o itsload asbedload in1984. Despite
the variation in studies, they al suggest that the percent bedload o San Juanand San Mateo
Creeksison the highend o therangefor coastal streamsin central and southern Cdlifornia.
Thelong-term average percent bedload for both creeksismost likely somewherein theranged
35 to 45 percent. Within each watershed, however, percent bedload may vary significantly,
with higher percentagescoming from the areas produci ng more coarse sediment (areasd
granitic and metavol canic rocks), and lower percentagescoming from the sity-clayey terrains
(underlainby the Monterey and Capistranoformations).

Kroll and Porterfield (1969) estimated |ong-term sediment transport for the San Juandrainage
basin between 1931 and 1968, using measurementsof streamflow and suspended sediment
discharge, and estimatesd bedload discharge. Ther estimated 1,230 tons per square mile per
year isbelieved to underestimatethe total sediment production from the watershed because: (a)
itisan estimated the sediment that isactually transported by the streamsrather than the totd
amount of sediment provided to them; (b)the sediment datafrom which long term yieldswere
extrapol ated were collected during 1967 and 1968, two yearsin which only onesignificant flood
occurred?; and (C) throughout the Peninsular Ranges, sediment yieldsduring thisperiod were
well bdow normal (c.f., Lang and others, 1998; Hecht and others, 1999; GeoSyntec, 2005).
Because most coarse sediment ismoved during relatively large floods, theselast two pointsare
key.

4.5.1 Planning considerations for sediment ra

Urbanization within the proposed project area has been planned to anticipate and reduce the
increase in sediment load typically associated with channel incision downstreamfrom other
areasd thecounty. Excessimperviousareaflow will beinfiltrated and/or retained and re-
used tolimitincreasesin flow duration after devel opment, especialy at low recurrence
intervals (GeoSyntec, 2005). Thiswill reduce erosion affectstypically associated with
urbanization and minimizethe responsed stream channelsthat are susceptibleto incison.
AlsD, residentia areasand infrastructural corridorsare generally concentrated away from the
valley floors, maintaining the current sediment storage and bufferingeffectsd the floodplain
aress.

10 There wasone moder ately-high flow event in 1967, but no appr eciableflow event in 1968, according to the USGS
gagingrecord at the San JuanCapistranostation.
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4.6 Bed sediment Characterization

Thesizedistributiond sediment on the bed of achannel can have asignificant impact on the
potential channel responsefollowing urbanization. Large, wide channelscomposed
predominately of gravel- and cobble-sized sediment arelesslikdy to incisein responseto
urbani zation than sand-bedded streamswithout significant gravel or cobble content (although
they may widen, especidly if any removal d riparian vegetation is planned). Additionaly,
channelsthat are transport limited (have a higher sediment supply than can be transported
under normal conditions) have a moderate buffering effect that makes these channelsless
susceptible to channel response to urbanization.

Streams within the San Juanand San Mateo watersheds can be roughly divided into four
different categories, based on bed sediment type affecting sediment transport, bank stability,
habitat value and sensitivespecies use, among other considerations(Table3 Figure5). These
categoriesare based on interpretation d observations made during variousfield studieswithin
RMYV. The categoriesare based on our field observations, generalized to reach-scale
descriptionsd bed conditions, and interpreted using regiona geology and soilsinformation.
Thesegeneralizationswere devel oped to provideabasisfor the hydrology and sediment-
transport modeling, as well as to eval uate restoration potential and to highlight channel sthat
aremost likely to be susceptibletoincision or other impactscaused by hydromodification.

The Chiquita, Gobernadora, Trampas, upper Cristianitos, and upper Gabino channels(along
with several smaller tributariesd the central San Juansub-basin) are predominantly sand-
bedded, with little or no gravel or cobble content in thebed material. Becaused thesmall
sediment size and correspondinglack d armoring, significant amountsd sediment are
transported even at relatively low flows. Additional storm runoff added to these creeks, unless
mitigated through such measuresasinfiltrationand/or flow duration control (seeGeoSyntec,
2005), could induce significant channel erosion. Infact, Bdance Hydrol ogicshas documented
partsd an epicycled severechannel incision and bank widening in response to urbanization
in the upper Gobernadorawatershed over the past severa years (Brownand Hecht, 2004).
Without proper controlsand careful planning consi derations, urban runoff in other sand-
bedded stream watershedscould result in similar stream response.

L ower Gabino, La Paz, Bdl, and the upper portionsd San Juan, Verdugo, and Lucas creeks
within or adjacent to RMV are predominately gravel -cobbl e bedded streams with coarsesand.
The coarser sediment within these streamsisadirect reflectiond the geologicterrain within
the upper portionsd the watershed, predominately composed d graniticand other crystalline
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metavol canicrocks. Becaused thelarger bed-sediment size and bed structurewithin these
creeks, the bed ismobilized much lessfrequently than in sand-bedded streams. Thecoarser
bed allowsthe drainageto accept some additional flow and coarse sediment without significant
channel response. In addition, the gravel/cobble-bedded streamsare generally moredynamic
systems than the sand-bedded channels, showing a greater morphological response to episodic
events."" Becausegravel-cobble beds tend to bestableat thesized storms most affected by
urbanization??, theeffectsd urbanizationwill beleast evident and least significant in gravel-
cobble bedded channels.

Theportiond the San Juan Creek channel downstreamfrom the Gobemadora Canyon
confluence, and thesegment o Cristianitos Creek downstreamd the Gabino confluence, are
generally composed of sand with significantgravel and cobblecontent. The bed in these
reachesisfiner thanit isfurther upstream, for many and complex reasons. Thissandier bed
will mobilizemore oftenthan the bed sediment upstream, and will be morerapidly refilled or
replenished. Blind Canyon, Lower Verdugo and lower Lucas Canyonsal so have a higher
percentaged sand on the bed, probably due toloca contributionsfrom the sandy bedrock in
thelower portionsd those watersheds, and decreasesin channel dope. Whilethese reaches
arelikely to show adightly greater channel response to urbanizationt han thecobble/gravel
bedded streams, due to thesandier bed, they are dominated by dynamic transport processes
typical & cobble/gravel streams, and maintain significant buffering capacity.

The portiond the San Juan Creek channel upstream d Gobemadora Canyon has a compound
bed, with moderately-resistant bedrock exposed in several placesal ong San Juan Creek between
the mouthsd Verdugo and GobemadoraCanyons. Somed thelarger outcropsare shown on
the state geologic maps (M orton, 1974); others are distributed throughout thi s reach. The
bedrock outcrops, together with thelarger cobblesintroduced from Verdugo and Bdl Canyons,
significantly limit potential downcutting inthi s portion d San JuanCreek such that th's reach
meritsitsown designation. Additionally, it hasacomplex history of aggregatemining during
the1970s and 1980s(c.f., Vanoni and others, 1980).

11 WhileSouthern Californiastreams with cobble-gravel bedsvary in the frequency of channel-changingepisodic
events, an average of 6 to 10 such events per century (or about an averageinterval o 10to 15 years) may be typical.
Asoneexample, a careful examinationd 200 yearsd recordsat the San Buenaventuramission showed 're-sets of
the Ventura River streambed to occur at averageintervalsdof 11 years(Capelliand Kdler, 1992). We suspect that
similar frequenciesmay occur in the RMV project area.

12 While the maximum effectsdf urbanization vary with catchment sizeand drainagedensity, the current literature
indicatesthat proportionate and absoluteeffectsd urbanization are associated with lower-recurrenceevents -
perhapson theorder of 0.25to 2.5 years- and decrease rapidly with eventsd 510 10 years, to being difficult to
discern at recurrencesexceeding 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 channel scan be compared using
information developed for the Basdline ConditionsReport (PCR and others, 2001), the analyses
and aeria photographs presented in the Watershed and Sub-Basin Planning Principles
investigation, prior data and observationsconsidered inthi s report, and the sediment-
productiondiscussionin the recent PWA report (Stewartand others, 2004a)13. The comparisons
aremadeon thebasisd (a) sediment transported during the 2-year and 100-year events, as
simulated by Huitt-Zollars (2004) and PWVA (2003), (b) the coarse sediment fraction transported
during such events, and (c) the capability d the watershedsto sustai n the episodic sediment
delivery considered key for several species, aswell aschannel stability and coarse-materia
supply to the beaches. Resultsarepresentedin Table4.

Using datafrom the Basdine Report, the tableidentifies the basinswheretransport is presently
limiting, where changesin peak flows or volumesare most likely to resultin increased
sedimentyields. Other basinsarelimited by supply, and aremost likely to exhibit significant
changewhen yields (especialycoarse-sediment yiel ds) increaseor decrease.  Estimated long-
term averagesediment yields devel oped in the Basdine Report arecited for reference.
Sediment-delivery ratios were estimated for thi s report based on our interpretationd aerial
photographsavailablefor different years. Emphasiswas placed on 1938 becaused the high-
recurrence event (probably 30 to 40 years) which occurred during that year. Since the channels
wererarely obscured by woody vegetation, it was possible to identify in the aeria photographs
thoseportionsd each drainage that were contributing coarse sediment to the main streams.4
Theproportiond coarse sediment i n each channel wastaken asthebedload percentage
(sediment coarser than 0.25 mm) from the Basdine Report.

To estimate the contributiond coarseand fine sediment produced under the normal
conditions, we used:

=  the MUSLE modeling developedby PWA daff (Stewartand others, 2004a),
»  thesediment ddlivery ratiosfrom Table4, and

= thebedload proportiond sediment yield from the Basdine Report.

13 The PWA report numbersare based on the B4 alternative, not the BIOm alter native, which isthecurrent plan.
Expected differencesin sediment production and delivery under the BIOm alter nativearediscussed in section 4.7.1
o thisreport.

14 We used original aerial photographsfrom various yearsunder ster eoscopic magnification. Several of thekey 1938
photographsare reproduced in the Water shed and Sub-Basin report.
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Becausethi s report wasoriginally intended in part to provide sediment analysesfor the
GPA/ZC CEQA review, we computed thelikely coarse and finesediment changesresulting
from the B4 aternativefor both the 2- and 100-year events, based on estimated potential
sediment production rates (during and post-construction)modeled by PWA. Thefollowing
results are described for the B-4 alternative; changesto these computati onsthat would occur
with the B-10M arediscussed in thesection 4.7.1

Coarse sediment yieldschange by relatively minor amountswhen comparing existing and
post-construction conditions, commonly less than 15 tonsper 2-year event, and less than 250
tons per 100-year event. Larger changesare expected in San Juan Creek upstream o
Gobernadora (to Verdugo),and in Tdega Creek. The upper portiond central San Juan Creek
includesportionsd two mgor planningareasunder the B4 alternative. The estimated change
in coarse sediment productioninthi s portiond the watershed islikely small compared to the
amount d sediment being transported from upstream (upper San Juan, Bdl, and Verdugo
Canyons). Trampas Canyon hasarelatively high pre-project sediment yield, so the percent
changeisactudly lower inthi s watershed than the others, and is not anticipated to be
significant.

Anticipated construction-periodincreasesin sediment yields (without mitigation) are more
substantial. Potential construction-periodincreasesin lower Chiquita, central San Juan, Lower
Gabino/Blind, and possibly Talega creek watershedscall for specia attentionfor both the 2-
and 100-year event, and upper Cristianitos and lower Gabino/Blind creeksseem to warrant
specia carefor the100-year event. In al cases, thechangesared a magnitudeamenableto
mitigation and adapti ve management.

In many hilly or mountainousareasin Southern California, episodic delivery d sediment to the
channel isessential for maintaining the supply d the coarsest material swhich often anchor or
armor the bed, aswell assustaining beach-material suppliesand conditionsessential to the
long-term viability d several speciesd concern. The findingthat the LAD sediment model
yieldsresults137 to 200 percent higher than the MUS_E formulain Orange County (see
sectiond.4.2) impliesthat episodic events can account for perhaps 30 to 50 percent or more!s d
thelong-term sediment yield, and perhapsasdlightly larger proportion d the coarsest materia
making up thebed d thestreams. Table 4 shows thelikey contributionfrom episodic events
to the sediment yields of each basin, ¢ and finds that nearly all watershedsand sub-basinswill

15 | AD incor por atesfactor sproviding for episodic sediment trangport following fires, but not for other episodessuch
asmajor landdlides, post-drought effects, or secondary effectsfrom major storms.

16 Based on aerial photogr aphstaken shortly after the 1938 gorm (onedf the threelargest floodsof the 20t century);
observationsmadeafter the 2002 firein upper Chiquitaand thereportsof Fife (1959);and substantial field work,
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retainmost or nearly all d their episodic sediment inputs because the key slopesyielding the
coarsesediment will beleft largely undisturbed. For example, the 1938 photographsshow that
themgjority d the upland sediment reaching GobernadoraCreek came from the steeper,
western sided the canyon; the sediment from the east side was deposited on the s de-canyon
floorsor on thefloodplain. Thewestern portiond the canyon will remain as designated open
Space, maintaining continuity d coarse-sediment contributionsto the creek.

4.7.1 Adiustments for the B-10OM alternative

Severd alternative development planswere consideredin the planning stagesd the
coordinated planning process(NCCP/MSAA /HCP, SAMPand GPA/ZC). In thespringd
2004, when the PWA sediment report was produced, the RMV Proposed Project was the B4,
and that was the alternative that was modeled. Since that time, however, the County d Orange
approved the B-10M as thelocal entitlement project and RMV’s Proposed Project for the
NCCP/MSAA/HCP and SAMPistheB-10M alternative (shownon Figure 2). Thissection
describesthe main differencesbetween the two alternatives, and how these differencesmay
affect changesin sediment transport ratesand yields highlighted on Table 4.

Several planning areaschanged only dightly between the B4 and B-10M alternatives. PA-2
and PA-3 (Chiquitaand Gobernadora) both have reduced urbanizationin thenorthern
portions, with at least somed thearea compensated by slight expansionin the main portion o
theplanning area. Because these aresmall changesthey are unlikely to ater the sediment
productionestimatesto any great degree, and may even reduce theimpactstoeven lower
levelsas the added areasare in amorecentralized portion d the planning area, and should
reduce the overall disturbance to the watershed.

Thereare a somoderate differencesin PA-8 (Blind Canyon) between the B4 and B-10M
alternatives, though theoverall urban areaisapproximately the same. Themain difference
between the two in termsd sedimentisthat under the B-10M alternativethe urban area covers
much d Blind Canyon, whichwasleft dmost entirely open under the B4 alternative. Thiswill
resultin alarger reductionin coarsesedimentload than under the B4 alternative, however this
effect will not make alargedifferencein the Table 4 numbers, as Blind Canyonisonly asmall
portiond the modeled Lower Gabino/Blind watershed.

including characterizingand tracing the sour cesof coar seclastsin exposed bank material along channels throughout
theprget area.
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The modt significant change under the B-10M alternativeis that the East Ortega devel opment
bubble (PA-4) coversa much greater area than in the B4 alternative. Aerid photograph
interpretation suggeststhat portionsd the unnamed watershedsincorporatedintothi s
planning area have a somewhat higher existing sediment delivery ratiot han theother planning
areawatersheds, suggesting that there may be adightly greater changein sediment transport
in responseto urbanizationd thisarea. Thi s differenceisnot expected to besignificant to
coarse sediment supply, as the underlying geology (WilliamsFormation) consistsd sediment
that was originally deposited predominately in a continental shdf environment. Thesand and
silt depositedinthi s type d environment isasmaller sizethan that whichistypically
important for habitat needs and beach sand supply. The main portion of Verdugo Canyon (to
thenorth d PA-4), which providesasignificant amount d episodic coarse sediment supply, is
not includedin PA-4 and will beleft as open space to mai ntain coarse sediment supply.

Ground disturbancein PA-7 (Gabino/Cristianitos) is greatly reduced under the B-10M, with
themgjority d the planning area now in open spaceor galf course. Theanticipated reduction
in finesediment production at theclay pitsshould besimilar in the B4 and B-10M alternatives,
astheclay pit area will be managed as galf courseand open space under the B-10M alternative.

Urban development in PA-6 (upper Cristianitos) under the B-10M alternativewill consist only
d twosmall areasd estate homes, with the rest as designated open space. The project had
originaly proposed a golf courseunder the B4 alternative, but theamount d residential areais
approximately thesamefor both alternatives. Correspondingly, the potential changein
sediment productionunder the two alternativesislikely very smilar.

The area encompassed by PA-9 (in upper Gabino) has been drastically reduced toa 20 acre
devel opment area under the B-10M alternative, and now consistsonly o afew casitas, whereas
in the B4 aternativea golf course had aso been planned. Thesmall sized the devel opment
area, combined withitssiting, will effectively eliminate significant impacts to sediment
production and transport in the upper Gabino watershed, in absolute terms and relative to the
B4 dternative.

PA-1in thelower San Juancorridor and PA-5in Trabuco Canyon are essentially thesamein
the B4 and B-10M dlternatives.

In summary, changesto sediment yield in most watershedsaresimilar under the B-10M
aternativeto those shownin Table4 for the B4, with theexception d the differencesnoted
above. However, in both cases these changesareasmall relativeto the total sediment transport
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within the watershedsand thereforeare not significant. Planninggoalsfor both alternatives
attempt to reducefine sediment generation (seesection 4.3.2.1) and maintain coarse sediment
transport, includingboth chronic and episodic sources (seesection 4.3.1.2).

4.8 Sustaining grade and Base Level

Aspart d the project plan, detention basins have been proposed as a mitigationmeasurefor
attenuating peak flows, reducing sediment transport, and treatment o runoff for water quality.
Sound watershed-management practice when implementing sediment/detention basinscalls
for addressingthe'hungry water' effectdownstreamd thebasin. In many situations,
sediment-depl eted water is discharged from the detention basin into ahigh energy
environment, allowing the clean water to erode the channel directly below thedischarge point.
In theproposed project, both (&) energy dissipation and (b) measuresto sustain channel base
level will beincorporated downstreamfrom sediment detention basinsand other hydraulic
controlsto sustain gradeand to provide a stablebaselevd.

The project design greatly ssmplifiessustai ninggrade downstream from control s because, with
very minor exceptions, ponds and detention basinsor other controlsare being proposed only
for minor streamsand un-channeled drainages. Thefollowing project design featureswill
aleviatepotential " hungry water' effects.

»  Control structuresaresmall (conformingwith RWQCB guidanceto 'start at thesource
toalleviateconditionsd concern) and are limited to headwater reaches, small-scaleand
Site-appropriate measurescan be used to maintain theexisting channel pattern and
grade, but arecommonly not appropriatefor larger streams(c.f., Riley, 2003).

= Storm runoff is to be regulated to emul ate the existing hydrographsand runoff-duration
frequencies, the tributary and stream system isnot being used to absorb increased peak
runoff during frequent storms, and the processes causing 'hydromodification' impacts
in other Southern Californiachannel sare not expected to necessarily induceincisionor
widening (c.f., Colemanand others, 2005).

= Buffersfrom channelsare generally quitewide, minimizing the number o protective
structuresin and near the channel sand maximizing the drainage system's tolerancefor
changesin channels, allowing for natural channel adjustment within thewide corridor.

= New infrastructure (suchas sewage mains) isnot planned beneath the channels,
minimizing the need for protectivestructures that can concentrateflow and induce bed
scour downstream.
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Based on the above considerationsand other WQMP measures (seeGeoSyntec, 2005) we
concludethat effectsd hungry water will belimited in magnitude and potential impact.
Additionally, thevolume and magnituded peak runoff in most protected canyon or valley-
floor areaswill be equal to or lessthan that at present, because some excess flowsare being
directed to therelatively resilient San JuanCreek and lower Gabino channels. Theintrinsic
resilienced theselarger channels- which haveavery smilar channel form as that reflectedin
1938 aerial photographsor 1947 topographic maps (PCR and others, 2001) - is coupled with the
proportionately smaller project-rel ated di schargesto minimize hungry-water effectson these
two channédls. In addition, these larger watershedsareinherently more dynamicsystemsthan
the side canyons, and better able to modulate the effectsd any dight downstream erosion that
may occur.

Mosg o thelimited 'hungry-water' effectsare amenableto being addressed with non-structural
bi otechnical and geomorphic approaches. These.approachesvary by terrain (seesection 3.1 for
discusson d terrains) and thecharacter d thechannels, and were adopted as mitigation
measure4.5-7 in Find H R589;

1. Sandy and Silty-sandy terrain: Water quality and infiltration basinsand pondswill be
constructed along unnamed tributary channelsand channel-lessvalleys. Appropriate
energy dissipation will beinstalled downstream d each structureor control point. In
addition to the curve-matching regulationd runoff described in the Water Quality
Management Plan (GeoSyntec, 2005), 'hungry water' or potential downcuttingwill be
controlled by a progressivesequenceof:

a. establishmentd hydrophytic vegetation, either turf-forming (such assalt
grassor sedges) or with interpenetrating roots (suchaswillows); then

b. placement o turf-reinforced mats(TRMs) or other flexibleand
bi odegradablemembrane to abet vegetative growth to stabilize the small
drainagesdownstreamd controls; then,

c. instalationd conventional erosion-control fabricsand structuresusing
standard techniquesdeveloped over the yearsto control gully- or small-
channel incision.

In through-flowingnamed stream corridors, the potential scaled incisonislarger, and
ismost reasonably addressed by measuresidentified in the WQMP and could include
thefollowing:
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a attemptingto reduce runoff volumesand peaksfrom thewatershed, by a
combination d additional retardingd flow and used (reconnecting,
where needed) floodplainsfor flowsd moderate to high recurrence.

b. reducingsediment yieldsand modulatingflow from adisturbed
watershed upstream, such that avulsion (sudden channel changes, such
as recently seen in Gobemadora Creek) can be minimized.

¢. widening theriparian corridor where the bed remainswithin the root
zoned riparian vegetation, and managing its vegetation to promote
denseinterpenetrating roots, such as naturally occurs along many
reachesd these streams, perhapsin combination with

d. reconfiguring the channel pattern toincrease sinuosity toastable
thalweg length-to-channel dope value(c.f., Riley, 2003, for one approach
supported by all CdiforniaRegiona Water Boards).

e. emplacing well-keyed structural grade control, withawidevariety o
potential designs; the sheet-pile structuresalong lower Wagon Whed
Creck areoneexample.

2. Clayey terrain: Differencesbetweenexisting and futureconditionswill be theleast in
thisterrain. Silty and clayey terrainsare also most resistant to incison, however in
many casesonce erosion commences, theclayey terrain may erode very rapidly. Hence,
bi otechnical stabilizationis most favored in thissetting to reduce the potential for initial
erosion, especialy for the smaller unnamed channel sdownstream from the small
retarding and infiltration basinsproposed at many locations. These channelsare best
managed with a progressive sequence of:

a. establishinghydrophytic or woody riparian vegetation, especially along
thebasesand crestsd banks,
b. installing turf-reinforcing mats and other shear-res stant soft structures,

c. dightwideningd channelswhere feasiblewithout diminishing bank
strengthimparted by riparian vegetation, if significant;

d. engineeringsopesusingfabrics, or placing thoroughly-keyed structural
controls, usualy incombination with a, b., and c,, above.

3. Cystallineterrain: No new impoundmentsor runoff control structuresare planned for
crystalineterrain. The County d Orange design manualsare perhaps most effectivein
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thisterrain type, and can serve asa backup guidance, should impoundmentsbe
planned for areas within the crystallineterrain.

The stream reachesbelow the detention basinswill beincluded in the adaptive management
plan, to monitor channel stability and change the protocol if necessary. Thevariouscontrols
listed abovewill be used as necessary based on monitoringd downstreamchannel stability.

4.8.1 Wateisheds of concern for hydiomodification effects

Given the variable conditionswithin the project area described above, there areseveral specific
stream segmentsthat we haveidentified that are particul arly susceptibleto hydromodification
effectsif stormwater is planned to be diverted to these aress:

* Thesmall watershed at the southeasternedge d the East Ortega planning area
(PA-4).

»  Upper Crigtianitos, primarily because the urban aress, even though they are
smadl, are planned for thevery upper portion o watershed wherethey will
constitute a high percentaged the watershed area.

» Lower Gobernadora, especially sinceit hasrecently already become
compromised and isunstableasaresult d flowsoriginating upstreamin Coto
deCaza. Congtructiond the modulationbasin (discussed in section 4.3.2 and by
Brown and Hecht, 2004) isanticipated to address these excessflowsand
upstream water quality impacts.

» Chiquita Canyon, especialy the channel-less, east-sidecanyonswhere urban
aressarelocated at the ridge tops.

While planning principleshave been implemented to reduce the effectsd hydromodificationin
theseareas, and management measuresare proposed to aleviate the risk of hydromodification
response (seeabove), monitoringd these watershedswill still be especialy important to
identify any preliminary responseto hydromodification (seechapter 5).
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5. ADAPTIVE MANAGEMENT

The uncertaintiesinherentin sediment transport and bed sedimentation make regular and
routinemonitoringd potential project effectsan integral portiond theproject's Adaptive
Management Plan (AMP). To provideaflexible, iterative approach to long-term management
of bed and channel conditions, nine questionsshould be addressed, and responsive measures
recommended based on standard, conventional and understandabl e methods:

1. Arelow flowsbeing maintained at appropriatelevels, sufficient to sustain the
woody vegetation critical to maintaining root strength for channel stability?

N

Are peak flowsand flow duration being adequately controlled by the project?

w

Arethe channelsincising or otherwisechanging their morphology or slopein
response to urbanization?

Arenew natural or induced sourcesd sediment forming in upland areas?

Are ponds and sediment basinsfunctioning, and do they need to be maintained?
Isincisonor channel distressobserved downstream d ponds and basins?
Arethereindicationsthat sand movement to the beacheshasbeen impaired?

O N o g M

Areother watershed eventsor processescontributing substantively to changes, if
any?

9. Arebed conditionsin the channelscons stent with (a) aquatic and riparian
habitat needs, (b) maintaining sufficient conveyancecapacity to convey design
flows, and (c) reasonablebank protection?

Methodsto be used in assessing these questionsand situationsin a manner intended to
promote design solutionsare described in thefollowing sections. These methods have been
adopted as mitigation measure 4.5-8in Final IR 539.

51  Stream Walks

A geomorphologist familiar with both (&) flood conveyanceestimationand (b) the bed
conditionsrequired to meet habitat needsand conditionsfor speciesd concernwill walk
critical reachesd named channelswithin the project each year in late April. Thestream-walker
will note bed conditions, measurehigh-water marks, note new sourcesd sediment or bank
distressaong the channdls, estimate Manning's ‘n’ (roughness)at key locations, and assess
whether bed and bank vegetation is suitable to meet conveyanceand habitat objectives. Stream
walkswill occur during years1,2,3,4,5 and 10 following substantial grading in anamed-stream
basin, and during any year within thefirst 10 seasons when 6-hour rainfall intensitiesexceed
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the5-year recurrenceat anearby pre-selected recordingrainfall gauge. Thestream-walker will
asosimilarly canvassthelower 2 milesd Bdl Canyon and the upper Chiquitawatershed
northd Oso Parkway, two stream segmentswith largely-intact and formally-preserved
watersheds, which can serveascontrol. Photographsshowing key sitesor problemswill be
taken. Theindividual conducting thewalksshall be sufficiently senior and knowledgeableas
to be registered as ageologist or engineer with thestate. Thi s individual will preparean annual
report by June20, and submitted to Rancho Mission Viejo for distributionto appropriate
agencies, specifying maintenanceor repair measuresneeded to maintain suitabl e sediment
transport and bed conditions. (Directedat questions1, 2,3, 6,7, 8,9)

5.2  Major Stream Cross Sections

M onumented cross sectionswill be established and surveyed on:

a) lower Narrow Creek

b) Chiquita Creek (4locations)

¢) GobemadoraCreek (4locations)

d) Bdl Creek (2locations)

€) Upper Cristianitos Canyon (3locations)

f) Lower Gabino Creek (3locations)

g) Gabino Creek within05 milesd La Paz Creek
h) LaPaz Creek within06 milesd Gabino Creek

The crosssectionswill be spaced approximately 06 to1.2 milesapart. They will besurveyed to
the nearest 0.05 feet vertical, and include notationsd bed material encountered and qualitative
descriptionsd vegetation, and other observationsconforming to geomorphic conventions, such
astheInternational Hydrologic Vigil Network standards. Theinitia surveyswill be conducted
prior to grading, with resurveysduring years1, 3, 5 and 10 followinginitia grading. Re-
surveyswill aso be conducted during yearswhen 6-hour rainfall intensitiesexceed the 5-year
recurrenceat anearby pre-selectedrecordingrainfall gauge. Resultswill be analyzed by the
stream-walker, and included in the related report, recommending mai ntenanceand restorative
measures. The report will be submitted by May 20 d each year, to dlow design and
implementation (whereneeded) prior to the next winter. (Directedat questions3, 6, 8 and 9)

205069 Sediment report update 6-24-05 Final.doc 38



Balance Hydrologics, Inc.

5.3 Periodic Aerial Photography

Aerid photographsd theentire project areawill be taken during May or Junefollowing project
approval, and during each subsequent May or Juned yearsendingina’s’ or 'O, util the
project hasbeen completed. Resolutiond the photographswill be sufficient to prepare200-
foot scale mapswith 2-foot (or 0.5-meter) contours. Contour mapswill be prepared for the San
Juan Creek channel comdor from theV erdugo Canyon confluenceto 0.5 milesdownstreamd
Antonio Parkway showing the topography d thebed and d the banksto elevations15 feet
abovetheadjoining bed. Lidar or other technol ogiescan be substituted for now-conventional
photogrammetic methods. A qualified geomorphologist shall review theaerial photographs
d theentireproject area, identifying new upland sourcesd sediment, event-related or land-use
disturbance, or evidenced channel changeand instability. The geomorphologist will also
assessdiscontinuitiesin sand transport throughout the project area, and will present an
assessment o changes, if any, in the San Juan Creek comdor. Resultswill be presentedin a
report to be prepared by July 15 o each year to Rancho Mission Viejo for distribution to
appropriate parties, including recommendationsfor maintenance, repair, or other actions.
(Directedat questionsl, 3, 4, 5, 6, 7 and 9, plus8for San Juan Creek)

5.4  Evaluation of Changes Downstream of Ponds and Basins

Longitudina profilesand channdl or drainage-way crosssectionswill be established
downstream d basinsor pondswith capacitiesexceedingl acrefoot, or which creste a 4-foot
elevation changein theenergy gradeline. Resurveyswill occur whenever thestreeam-walker
and/or the geomorphologist reviewing the aerial photosidentify actual or incipient incison or
erosion. Resurveyswill be completed prior to July 1 when and wherethe need isidentified in
the May 20 report discussed above.

55  Supplemental Assessments

Adaptive management d channels meanschanging with theflow d time. Nothingin the
program above precludes problem- or condition-relatedinvestigations. Additional assessments
may be conducted as deemed needed by the applicant to achieve the bed and bank conditions
sought. Examplesd circumstancesin which supplemental investigations might be needed
might include:

» Alargelanddlideaffectingoned the main channels.
* Alargefiredisturbing mgor portionsof thecontributing watershed
* Lossd riparian vegetation over long reachesdueto treeblight or other

cause.

205069 Sediment report update 6-24-05 Final.doc 39



Balance Hydrologics, Inc.

Bank and channd changesduetoamgar saismicevent.
I dentification & new needsd speciesd concern.

Whileinterdisciplinary expertiseiswarranted throughout the adaptivemanagement program,
it islikely tobe especially warranted in such supplemental assessments.
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6. CONCLUSIONS

This report describes potential changesin sediment supply, transport, and bed conditions
associated with planned urbanization d the San Juanand San Mateo watersheds. Consistent
withitsoriginin work developed for the SAMP and for the NCCP/MSAA /HCP, thisreport
incorporatesand bal ancessedi mentation goal s associated with (a) flood control and channel
stahility, (b) endangered specieshabitat stewardship, and (c) wetlandsand stream channel
permittingfor habitat preservationand protection. All such goals must be weighted, consistent.
with the Genera Plan/Zone Change approval, the NCCP guidelines, and the SAMP principles.
It isnot possibleto properly eval uate sediment conditions or movement without weighing all
threesetsd considerations.

Thefollowing conclusionstie together some of the most important aspectsd the project
planning goalsasthey relateto sediment transport:

1. A MUS.E analysisby PWA, responding to a request from Orange County, isa useful
index for estimating potential changesin sediment productionfrom uplandsduring,
and following, development d thewatershed. However, several other factors, such as
particlesize, episodicity, and habitat needs, must be considered to provideamore
completeand balanced view d how sediment production and transport processes may
be affected by the proposed devel opment.

2. Maintaining thesupply d coarse sediment to the stream corridorsand downstream
areasisimportant for habitat valueand beach sediment supply. Thereare two primary
sourcesd coarse sediment within the San Juanand San Mateo. Thefirstisachronicor
regular sand source, sand that issupplied to the beach by stream transport whenever
storm runoff occurs. Between storms, thissand isstored in channel and floodplain
aluvia depositsand is mobilized during thelargest eventsd theyear. The ultimate
sourced much d the coarse sediment in the San Juanand San Mateo watershedsisthe
coarse-grained soilsformed on granitic and metavol canicrocksexposed in the upper
portionsd thewatersheds. These areas contributecoarse sediment primarily on an
egpisodic basis, in responseto largestormsand/or after watershed-scaewildfires.

3 Reducing upland sourcesd fine-sediment supportshabitat needsd several sensitive
species. Themost significant sourcesd finesediment are currently areasd non-native

vegetation, the Gabino/ Cristianitos clay pits, the debrisslidesin upper Gabino, and
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sediment derived from channel avulsion and incision in the upper Gobernadora
watershed.

4. Episodicsedimentationis usually important to maintai ning streambed conditions, o
particular importancein sustaining habitat valuesand the bed mosaic required by least
Bdl's vireo, arroyo toad, and other species of concern. Episodesareasovita to
maintaininga mx d open channel and vegetated banks most likdly to convey high
flowswith minimum bank erosion or channel disturbance.

5. Measured sediment transport in San JuanCreek issimilar to or somewhat less than
transport measured in other coastal Californiawatershedswith similar underlying rock
typesand geologichistories. Observed ratesat both high and low and low flowsare
neither remarkably high nor low. Transport ratesin San Mateo Creek are at the lower
end d therangefor such streams. Sediment yieldsper unit aread watershed in the San
Juan Creek catchment are higher than thosein the San Mateo watershed, principally
because the underlying geologic unitsin the San Mateobasin areintrinsically less
erosve. Similarly, sediment yieldsfrom the clay-richwatershed d Arroyo Trabuco are
substantially higher than in San Juan Creek, and dominate the sediment regime
downstreamd their confluence. Estimatesd thebedload portion d the total sediment
transport indicate that both San Juanand San Mateo Creekshave ardatively high
portion d bedload compared to other coastal streamsin southern Caifornia.

6. Thisreport reflectsimportant decisionsmadein formulatingthe B-10M alternativethat
minimizeand modul atesediment delivery d finesedimentsunder normal conditions,
but also make alowancesto maintain the episodic renewa d streamsubstrateintrinsic
to maintaining healthy populationsd several sensitive species, aswell asmaintaining
transport & beach sand source material to thecoast. Thefollowinglist isasummary d
how the gpproach to siting urban areas within the proposed project has been planned to
mai ntain and/or improve existing sediment supply:

Deveopment areaswere planned such that much d the urban areaswill
be concentrated on clayey terrain, to the extent practicable, to minimize
the effectof adding imperviousareato the watershed, and reducefine
sediment generated from these areas. Management o tillingand grazing
practices, along with native vegetation restorationin some areas, will also
reducetheintroductiond finesediment to the stream channels, which
would have beneficia impactsto in-streamand riparian habitat.
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»  Sandy valey bottomswill remain relatively freed urbanimpacts, allowing
thesupply d coarse sediment to the stream channels to be maintained.

* Mainstem stream corridorswill remainintact, retaining current floodplain
sediment storage and buffering effects (and associated habitat value), as
well as maintai ning asignificant source d beach sand supply and
alowingtransportd sediment from the upper watershed areas.

* Proposed planning areas are placed so that they protect the main sources
d coarsesand and gravel, which areimportant for year-to-year habitat
and beach sediment supply. Theultimate sourced much o thiscoarse
sediment isin the granitic/crystalline terrainin theupper portionsd the
San Juanand San Mateo watersheds, east d theareasdlated for
urbanization. Upland episodic coarse sediment sourcesand associated
sediment transport processeswill be maintained by setting urban
devel opment back from the mainstem alluvial valey bottoms,
mai ntai ning current transport capacity and protecting sediment storage
areasimportantfor chronicsupply.

e TheB-10M dternativegeneraly allowsfor episodicsedimentation within
RMYV to persist by preserving theentirety o canyonsadjacent to mgor
sourcesd coarse sedimentsas open space (Verdugo'?, LaPaz), and by
leaving at least onewholesided the Chiquita, Gobernadora, Cristianitos,
and upper Gabino watershedswith dopesfundamentally freed
urbanization or infrastructure. Sediment will continueto naturally enter
these channels during (and following) episodi cevents, maintaining
episodic sediment supply to the channels.

= Managed restorationd nativeriparian vegetationwill increasebank
stability d thestreamsand increasethe buffering capacity d thechannels
for both flow and sediment. Thi s restorationwill be especially important
downstream d water quality, detention, sediment, and flow duration
basins, as these reachesmay particularly susceptibleto channel erosion
due to sediment starving. These reacheswill be adaptively managed so
that additional channel stabilizationmeasurescan be implemented, if
needed.

7. We computed the coarseand fine sediment changesresulting from the prior B4
alternativefor both the 2- and 100-year events, based on estimated potential sediment

7 Themain sem d VerdugoCanyon, that which suppliesmost of the coar sesediment supply,isleft asopen space
under the B-10M alternative. The tributary canyon that entersVerdugojug upstreamd the San JuanCresk
confluence, which isincluded in PA-4, doescontribute some coar sesediment, but only a small portion of what is
trangported from upper Verdugo Canyon (see section4.7.1).
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production rates modeled by PWA. Coarsesediment yieldschange by relatively minor
amountswhen comparing existing and post-constructionconditions, commonly less
than 15 tons per 2-year event, and lessthan 250 tons per 100-year event. Somewhat
larger changes areexpected in San Juan Creek upstream d Gobernadora (toVerdugo),
and in Taega Creek, though these values are still not significant relativeto what is
being transported from upstream portionsd thecreek. Anticipated construction-period
increasesin sediment yields (without mitigation)are more substantial. Potential
construction-period increasesin lower Chiquita, central San Juan, Lower Gabino/Blind,
and possibly Talegacreek watershedscall for greater care and attentionfor both the 2-
and 100-year event, and upper Cristianitos and lower Gabino/Blind creeksseem to
warrant special carefor the100-year event. Inall cases, thechangesared a magnitude
amenableto both mitigation and adaptive management.

Under the B-10M dlternative, theseestimatesd sediment yield would be somewhat
different, though likely thesameorder d magnitude. Thedifferencesbetween the B4
and B-10M alternativesare generally small, and both alternativesadhere to thesame
planning principlesdescribed above. One changed note, however, isthat there will
likely beadightly greater reduction in sediment yield following urbanizationin PA-4
(near the V erdugo watershed) rel ativeto other watersheds. The area proposed for
development, however, is underlain by rock units that do not contain significant
amountsd coarse-grained material, and thereforethisreduction is not anticipated have
asignificant impact to coarse sediment supply. Verdugo Canyon proper, whichisthe
primary contributor d coarsesediment within that sub-watershed, isnot proposed for
developmentand thereforewill continueto supply coarse sediment to San Juan Creek.
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Table 1. Watershed characteristicsand 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 Geology’ SLA 10 yrPeak Annual Comment8
Station ID# Area Record Curve® Station’ Rainfall
(sg. mi)  (wateryears) (cfs) (Inches)
11046370  San Mateo Creek at San Onofre 132 1984 y=0.0022'Q**'® 50% Ku&T SS, - - 1g™  dry year after wet period
50% CR
11046500  San Juan Creek nr San Juan Capistrano 106 1967-71 y=0.0031"Q?%*'¢  10% Monterey SH, ~ CSJ4 6700 20 WY1966 & 1968 very wet
y=0.2209*Q" 4 50% Ku&T S8,
40% CR
11046530  SanJuan Creek at La Novia Bridge 109 1987-88 y=0.026*Q% %52 10% Monterey SH.  CSJ5 6800 20 WY 1987 & 1988 very dry
50% Ku&T SS,
40% CR
11046550  SenJuan Creek at San Juan Capistrano 17 1971-86 y=00139'Q*°® &  10% Monterey SH.  CSJ6 7100 20%
y=0.04"Q" 7 50% Ku&T SS,
40% CR
11047000  Arroyo Trabucoat Camino Capistrano 36 1967-68 y=0.0685Q*®*&  10% Monterey SH, ~ CTBS 2500 19® WY 1968 very wet
mj}lggua‘ 7063 50% Ku&T SS,
40%CR
11047300  Arroyo Trabuce at San Juan Capistrano 54 1971-84 y=0.0406+Q**" 10% Monterey SH, CTB6 5200 19
50% Ku&T SS,
40% CR
11138500  Sisquoc River near Sisquoc 281 1962-81 y=0.01"Q*“ & 100% Ku&T SS - - 16"
FO-“.Q'"S
11139350  Foxen Creek near Sisquoc 16.8 1968-73 y=0.21691*Q*% 100% Ku&T SS - - 16" incising
11139500  Tepusquet Creek near Sisquoc 287 1968-72 y=0.00075*Q*"* 99% Monterey SH - - 164
Potrero Creek® 5 1991-93  y=0,0458*Q*™¢  50% Monterey SH, - - 20®
50% CR
Notea:
1 10 year peak discharges wara measured or estimated for several stations i the San Juan Li6 1989)
2 P ges am visusl from surficial geologic map Ku&T Cretaceous and Tertiary, SS SH di shale of the CR crystalline bedrock
3 Mean annual rainfah forma ge area from isohy maps
4 Mean annual rainfait record from 1948-1997 at Los Almmes NCDC station
5 Detn from Hecht and Napoltanc (1995); Kondolr (1983)
6 y = suspended sediment

d Ch it

©2005 Balanca Hydrologics
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Table 3. Generalized bed conditions of major drainages in the San Juan and San Mateo watersheds, Orange County, California.

E]
Subbasin Reach name (or location) Bed type Habitat attributes’ Stability factors Sediment modeling reaches
|
San Juan Watershed
Central San Juan  |below Gobemadora digravel/cobb pidiy shifting bars; suited for arroyo toad; channel 1s reported to be transpart limited (USACOE, SJ1,58J2,8J3
locally problematic arundo growth 1900); base level has lowered during past 50 years
above Gobemadora cobble/gravel ~d coarse  |high gravel envi t; armoyo toad posed bedrock establishes baselevel; prior gravel SJ4
—nd over bedrock where water s available mining in some portions of the channel
Chiquita Chiquita Canyon medium-fine sand, gravel  |gravel absant, N0 aroyo toad; suitable for least |rip g ; locally, bed CH1, CH2, CH3, CH4, CHS5, CH6
rare or absent Bel's vireo.
G Gobemadora Canyon medium-fine sand, gravel  |gravel absent; NO amoyo toad; suitable for least |baselevel established by interpenatrating riparian roots  (G01, GO2, GO3, G4, GOS, GO8,
rare or absent Bell's vireo and SW willow fiycatcher GO7, GOS8, GO9
Unnamed, Between Chiquita snd medium-fine sand, gravel  sand; cobble in lower 400 m; No summer waler, [fiparian vegetation; intermittent bedrock outcrops; incising |NW1, NW2
informally, Gobemadora Canyons rare or absent and very narrow, no amoyo toad in lower reaches to lower San Juan Cr level
Chiquadora Cresek
Unnamed tribulary medium-fine sand, gravel  |sand with minor gravel incising to meet iower San Juan Creek level SN SNZ
west of Trampas rare o absent
Trampas Trampas Canyon medium-fine sand, gravel  |sand with litde or no gravel incising below root zone of riparian vegetation TR1, TR2, TR3
rare or absent downstream of glass-sand sediment pond
Unnamed tributary |West of Gabernadora Canyon medium-fine sand, gravel  |sand over narrow cobble-gravel bed; very cobbles, riparian vegetation NE1, NE2
near cinus orchard rare or absent narrow (no amoyo toad)
Bell Bell Canyon cobble/gravel shifting bars, widely suitable for sensitive abundant cobbles; iower reaches staepening to meet BE1, BEZ, BE3, BE4, BE5, BES
species lower San Juan creak level
Verdugo lower Verdugo sand/gravel/icobble widely suitable for itive p woody riparian vegetation, cobble bars VD1, VD2, VD3
upper Verdugo cobblefgravelicoarse sand  |widely suitabie for i P woody riparian vegetation, debris jams, cobble bars VD4
Lucas lower Lucas g bl disturbed bed in places substantial road and other disturbance LU1, LU2
upper Lucas T cobbla/gravelicoarse sand |gravel and cobble bars and relatively sparse  |woody riparian vegetation, cobble bars LU3
]
San Mateo Watsrshed
| Gabino Lower Gabino, beiow La Paz cobble/gravel/coarse send |lu'gnrswl arroyo toad p large bedioad; bed mobilized only E y GA1, GA2
Upper Gabino dium-fine sand, gravel  |gravel absent; amoyo toad nol reported mainly riparian vegetation, cobble bars locaily critical; GA3, GA4, GAS
rare or absent B local bedrock
Cristianitos Upper Cristianitos medium-fine sand, some shifting bed; amoyo toad not reporied; namow incised below root zone; gravel bars, some cobble bars, |CR1, CR2, CR3
gravel and cobble and incised with some near-channel woody riparian veg
Lower Cristianitos sand/gravel/cobble sand, gravel, and cobble bed domi LTEY i bed struct
La Paz IaFuCan;mn cobble/gravelicoarse sand  |high gravel mt; amoyo toad p largest bed material, bedrnohiizodwlyown_mnlly LP1, LP2, LP3
with boulder bars
Sources:
' PCR Sences Corpoiation, 2002, Dr Pete Bioom, unpublshed
7 PWA Ltd, 2004

004 Tk J—Ferd oot (50504 wly, S SC
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Table 4. Comparison of existing, construction period, end post-construction sediment yields, Rancho Mission Viejo, southern Orange County, California. Sediment yields
have been adjusted to local conditions snd processes based on the Baseline Report, aerial photograph analysis, and field observations. These numbers were calculated for the B4 altemative.
To1a discussion of potential significant changes under the B10m altemative, sce section 4.7.1.

San Juan Watershed San Mateo|Watershed
Source Chiquita G I Centrallgan Juan Upper Upper | Lower Gabino/
of Data Upper __ Lower®  Total obemadora’ | Verdugo (lower) | (uppery | Cristianitos | Gabino Blind Talegs
Basln Pammeters
Drainage Ares (3q. mi) Baseline Rept ' 4.57 4.64 9.21 339 479 4.59 741 368 SOz 328 8.37
Sub-basin numbar PWA, 2004 31 8 - 63 [] 21 13 45 49 48 [h
Transport Limited By Sasekm Rept’ supply supply  supply aupply transport supply supply supply supply tranaport transport
Estimated Average Annual Sediment Yield (Vsq mi) Baseline Rept " 3060 3080 3060 i M 2800 3000 E2al] 298 2989 2178
Estimated Sed. Delivery Ratio from 1338 photointerpretation * 0.15 0.20 0.17 0.10 om 0.18 0.26 0.28 0.38 0.39 om
Estimated S¢ioad Proportion of Sed Y Baseline Rept ' 0.10 0.05 0.08 0.08 0.60 02T 0.28 0.10 0.18 0.68 0.30
Total sediment production (tons), MUSLE Mode! PWA, 200¢
Existing Conditions 1978 1033 3011 2099 1317 380 1058 297 1053 M zan
Construction Period 2757 3320 8077 6268 1886 1z 6620 1435 1276 1991 5858
Post-Comstruction Period 1403 511 1914 1418 1305 383 587 5 1042 192 2031
Estimated coarse sediment yleld (tons)®
E Existing Conditions 30 10 41 10 206 14 66 7 55 s 314
- Construction Period 1 o) 83 al ars 29 426 38 67 320 791
H Post-Construction Period 21 5 26 7 204 14 37 ] ss z 274
% |change in coarse sediment yield (post-consir.) -9 -5 -18 -3 -3 0 - -1 A -13 40
Estimated fu sediment yleid ftons]
Exwting Conditions. 267 196 n 198 206 4 188 67 13 El REE]
Comstruction Peniod 372 631 950 595 ars 87 1279 oA aso 269 1845
Post-Canstruction Period 189 97 299 135 204 43 110 5 Ele] 26 MO
Change in fine sadiment yleid (post-cansir.) -78 -89 AT2 -5 3 o -8 .12 K} El 43
Total sediment production (tens), MUSLE Model PWA, 2004
Existing Condiions 25830 18975 44805 28441 28453 4105 25440 4970 18221 3931 BS54
Consinuction Period 36000 60997 96997 87922 35999 8327 164239 24033 196848 28905 87283
Post-Construction Period 20901 7849 28750 15587 28368 3948 7744 3768 15375 zd1s 28501
Estimated coarse sediment yield (tons]®
Existing Condibons 387 190 609 147 8402 154 1580 124 852 649 4678
Construction Period 540 [20] 1319 440 8100 312 10285 801 10%Z 4769 11781
S Post-Construction Period 314 78 391 78 83683 148 484 84 807 426 3p48
+ |Change in coarse sedimant yield (post-conatr.) 74 111 218 4% 11 -+ 1108 -0 44 -224 43
Estimated frw sediment yleld ftons]
Existing Condiions 3487 3605 7008 2797 6402 462 4770 1118 4826 531 10916
Construction Period 4860 11583 15170 =3 8100 937 30795 5407 5845 3802 27488
Posi-Construction Period 2822 1491 4497 1481 5383 444 1452 M1 4574 348 8978
g In fine sediment yleld (post-constr.) 885 2114 2611 1316 -18 11 2318 2 282 183 1838
Proportion <l episodic coarse sed yleid® this report >40% 40% >40%. >40% >40% 20% 30% 40% 0% 40% Jox
Episodk 7 retained afur o this report Mast Most most most nearly ak most some most nearly all nearly all nearly all
Noms

' See Baseline Report, Sec. 3.5 f (PCR, PWA, snd Balance Hydroilogics, 2001)

* Based on photointarpretation of May and June 1938 aerial graphs by Balance Hydrologics staff,
*Equais the total sadiment yleld * sediment delivery ratio * bediaad proportion of sediment yiekd
“Equata the total sadiment yiekd * eedinent delivary mtio * (1 - bediosd proportion of sediment yietd)
*Inciudes portions of sevaral small watersheds dreining directly to San Jusn Cresk

* Inchudes "Chiguidors Canyon’

“Inciudes Trampes Cenyon; velues for both central San JUSN basins are sstinated for this report
EParcentage of iong-term sedimern yield delivered by epmodic svents

“ Planning areas were designed to maintain episodic yield to the cresks; S99 section 4.4.1 of text

205069 Table 4—Sediment loads xis, Shest! #2005 Batance Hydrologica, inc




- Primary and chronic sand source
(alluvial storage area)

.. Episodic, coarse-grained sand source
* (soils developed from granitic
and metavolcanic rocks)

Moderate potential, episodic sand source
{erodible, sandyi/silty soils)

[:] Insignificant source of coarse sediment to
t he San Juan and San Mateo watersheds

D Rancho Mission Viejo boundary
e San Juan/San Mateo watershed boundary

<~ Streams

Balance

WAPromects 20S069S AMP sand source (Figure 1) mxd

Figure 1. Existing coarse sediment and beach material sources in the
San Juan and San Mateo watersheds, Southern California.

$ In Mast of the coarse-grained sand, particularly important to beach sand
cs; C- supply, originates upstream of the project area. This map depicts both

chronic (aliuvial sediment storage areas) and episodic (upland areas)sand
sources. See Figure 2 for detail of project area.

©2005 Balance Hydrologics. Inc.


Irvine
Note
MigrationNone set by Irvine

Irvine
Note
MigrationNone set by Irvine

Irvine
Note
Cancelled set by Irvine

Irvine
Note
Cancelled set by Irvine

Irvine
Note
Accepted set by Irvine

Irvine
Note
Accepted set by Irvine


| # Planning area boundaries

planning areas
Planned compact development
(%08 l Dispersed ‘casitas’

- Primary and chronic sand source
(alluvial storage area)

(soils developed from granitic
and metavolcanic rocks)

(erodible, sandy/silty soils)

D Rancho Mission Viejo boundary

< ™—" Streams

Open space and golf courses within

Episodic, coarse-grained sand source
Moderate potential, episodic sand source

Insignificant source of coarse sediment to
the San Juan and San Mateo watersheds

7~~~ San Juan/San Mateo watershed boundary

Hydrologics, Inc.
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Figure 2. Proposed planning areas, showing relations to primary coarse

sediment areas, Rancho Mission Viejo, Orange County, California

Note: No obstructions to continuity of coarse sediment conveyance to the
ocean are proposed as part of this project.

See Figure 1 for sediment sources in the greater San Juan and San Mateo
watersheds.
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SAN JUAN CREEK AT SAN JUAN CAPISTRANO, CALIFORNIA
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Figure 3. Suspended sediment histogram for San Juan Creek at San Juan Capistrano, Orange County, California.
This graph shows the highly episodic nature of sediment transport in San Juan Creek. The black portion of the
bar represents the amount of sediment transportedin the highest 1% (3.65 days) of the year, grey represents
the highest 10% (36.5 days), and light grey (at top) represents the sediment transported during the rest of the

year.
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205069 Figure 4-- Regional sed rate curves.xls, Working graph

Suspended sediment rating curves for streams of
the San Juan and San Mateo Creek watersheds,
southern California. Rating curves from several
Central Coast streams draining watersheds with similar
geology, size and existing landuse are also included.
Note that most transport occurs at the high-flow end of

these relations.
£2005 Balance Hydrologics, Inc.
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Ba.l Figure 5. Generalized reach characterization of bed conditions on major
dnee drainages, San Juan and San Mateo watersheds, Rancho
HYdrOlogiCS InC Mission Viejo, Orange County, California.
(4 . The northern portion of the Chiquita planning area is planned as a golf course
and open space and will not significantly alter the existing channel.
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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 sourcesof sand within the San Juan and San M ateo water sheds.
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