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Disclaimer

These documents have been prepared for a specdjecp and shall neither be altered nor

reused for any other purpose. Also, these docunaeni®t represent as-built conditions. If these
documents are altered intentionally or unintentilypaor reused without the design engineer’s
written approval, it will be at the sole risk andsponsibility of the user. The act of altering or
reusing is construed as indemnifying and holding diesign engineering firm and its employees
harmless from all claims, damages, and expensehkjdimg attorney fees, arising out of such
act.
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Executive Summary

This geomorphic assessment of Aliso Creek was ataduo provide a basis for interpreting the
hydraulic engineering work associated with the carngon of alternative environmental restoratiompla
and specifically to provide a rational basis faediction of future geomorphic conditions associatet
the no-action plan. This assessment builds on rauseearlier hydrologic, hydraulic, geotechnicaild a
geologic studies and investigations conductedénitiiso Creek watershed.

The report begins with an evaluation of the posdriar flood hydrology to change (Section 2). Dae
the near buildout of developable area in the whtgtsthere is little potential for peak floods dlowd
volumes to change in response to changes in thleclawver in the watershed. Flood flow charactexssti
derived from available watershed models and fraeast gauging data were used as input to hydraulic
models and for calculations of sediment transport.

Section 3 includes an evaluation of the geologhéstudy area. A key finding is that the naturd a
distribution of bed materials in Aliso Creek beltve ACWHEP structure are a function of historical
landslides that lead to blockages of the creekugnstream deposition of clay layers. The clay layee
influential in controlling streambank strength ahd potential for the channel to widen. Faultingyrbe
responsible for the presence of bedrock, anotheradacontrol on channel morphology, at the thalweg
elevation near river miles 1.6 and 3.1. Colluuigduts to the valley bottom, particularly through
landslides, have provided an ample supply of geaart cobbles to the creek, and tributary/gulley
confluences continue to be sources of coarse rahtdrhese coarse materials are being concentiratted
natural grade controls throughout the study afection 3 also includes the delineation of geomiorph
reaches. These reaches provide a context foiifgiagsexisting geomorphic conditions using an sed
channel evolution model (ICEM), and for predictiogure geomorphic changes.

The calibration of the hydraulic model for Alisogek described in Section 4 provides a greater (el
confidence in the model output than those fromieamhodels. These outputs were averaged over the
geomorphic reaches to produce inputs for the aealg§bed material mobility.

The sediment supply and bed material transportinvitie study area are evaluated in Section 5 to
characterize the balance between these two pracasdgeheir influence on channel morphology. The
sediment supply was calculated using multiple aggines, which in general indicate that the randeedf
material supplied from the Aliso Creek watershedliso Beach ranges from 1,000 to 200,000 tons per
year, with an average annual load of 20,000 to@Dt{Ons. This range is somewhat greater than the
previously calculated average annual load of 15888 (USACE 2009) due to the more refined
methodology applied in this study. The gradatiohised and bank material samples collected sin8@ 19
show that the valley fill into which Aliso Creeksincised contains up to 75 percent silts and dlieg's
wash load), but that the remaining material inctuelrough coarse gravels and cobbles, that due to
sorting and concentration over time, have now farmedatively immobile natural grade controls.
Incipient motion analyses confirmed that existiydiaulic conditions are incapable of mobilizing
cobbles, but that gravels may be susceptible talipation if tules and cattails in the channel du n
persist. The effective discharges calculated isdACreek range from 260 to 1,100 cfs. This comgut
range was verified against observed geomorphicrfeatoth upstream and downstream of the
ACWHEP structure. The reach-averaged bed mateaiasport capacities were compared to effective
discharges and selected flood flows, and the arbechimaterial loads for water years 1992 to 200&we
calculated. The results compared favorably withahnual load calculated from the effective disgbar
computations and from the upland based methods.
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A geomorphic model is presented in Section 6. Toslel was developed and tested to explain the
potential for future changes in channel morphologiie model confirms that future vertical adjustisen
to the bed profile will be limited because 1) thelened channel and decreased channel slope have
decreased unit discharge and bed material transgpaétcity, and 2) the concentration of coarse sewulisn
in riffles and plugs has increased the criticaM$aequired to mobilize these materials. The naiag/
equilibrium bed slopes in the future are therefikay to be within the range of average bed slopes
currently exhibited — approximately 0.30 to 0.45ceat. Where clay exposures are present in the bed
the channel is expected to continue verticallysimgj into the clay layer. Two locations in partayone
near river mile (RM) 2.75 (downstream of the Woagh@on Creek confluence) and the other near RM
6.0 (downstream of the where the Joint RegionaldVatipply System pipelines cross the creek) were
investigated to calculate incision profiles for 25, and 50 year under the no action plan. These
calculations show that incision upstream of théss gould be 0.8 to 1.1 feet for a non-erodingslof
0.45 percent or 3.0 to 4.1 feet for a non-erodlopgesof 0.30 percent. The significance of theselts is
that the ultimate bed profile will closely resemtiie existing profile and where localized changes a
expected to occur, the magnitude and extent afitision is expected to be relatively minor compliiee
degradation that has occurred since 1980. Th&l@®Hicates that future systematic upper bank erosi
is expected where banks are nearly vertical, amgposed of alluvium, and contain tension cracks that
extend the height of the upper bank thereby exogdtiie critical bank height for geotechnical siapil
Localized bank erosion is also expected where ttieeachannel is located against the toe of theter.
The presence of more erosion-resistant clay-ridmsnts that form the toes of most of the banks
provides stability and limits the potential for symmatic widening of the inset floodplain. Sandesizand
coarser sediment introduced to the system fromainggoank erosion will deposit on the heavily
vegetated inset floodplain, increasing the capadfithe active channel, likely toward the uppergaof
the calculated effective discharges (i.e., 1,180. cBoth localized (colluvial) and more widespread
(fluvial) deposition of sediment on the inset flpdain will reduce the effective heights of the baubd

the point where they no longer exceed the critieédht and this, combined with reduced bank angles,
will ultimately lead to bank stabilization. Despihis natural progression towards stable banks,
stabilization measures may be required for thosations where infrastructure is at risk from conéd
bank erosion. As deposition of sediment contirarethe inset floodplain, a net reduction in seditmen
delivery from the watershed is expected. Obsaymatmade in October 2009 and February 2010
confirmed the abundance of sand splays on the flogetplain, indicating the aggradation process has
already started in most reaches downstream of QHd\AEP structure. As the delivery of bed material
decreases, the load of sand supplied to Aliso Beadltdecrease, and the beach morphology may return
to something similar to the morphology exhibitedhie 1920s — further study is needed to confirmrtut
changes to the beach morphology.

Section 7 summarizes the analyses and presentiisimms regarding the existing and future morphplog
of Aliso Creek.

References are listed in Section 8.
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1.0 INTRODUCTION

This report presents the results of a geomorpliesznent of Aliso Creek in support of the ongoing
Aliso Creek Mainstem Ecosystem Restoration Stullye feasibility-level Restoration Study considers
alternative restoration plans to reestablish naggalogical functions to Aliso Creek, its floodja, and
the watershed. The Restoration Study is cost-dHzatwveen the U.S. Army Corps of Engineers, Los
Angeles District (USACE) and the local sponsor @e@ounty Public Works.

1.1 STUDY AREA

The Aliso Creek watershed is located in southelifd@aia, approximately 40 miles southeast of thig/C
of Los Angeles. As shown in Figure 1-1, the créekins a long, narrow coastal watershed, with its
headwaters in the Cleveland National Forest antatsth at the Pacific Ocean. The drainage ardd.8
square miles, and the mainstem of the creek isoappately 19.5 miles.

Except for a small portion of the Cleveland Natidrarest in the upper watershed, and the Aliso and
Wood Canyons Wilderness Park in the lower watersthedAliso Creek watershed is nearly fully
developed. Portions of the following cities aredted in the watershed: Lake Forest, Aliso Viejo,
Mission Viejo, Laguna Niguel, Laguna Hills, and uag Beach. The drainage systems associated with
this development are typically improved, and ircplg the creek channel has been realigned and or
modified.

The mainstem of Aliso Creek originates in the SagaiHills and flows south for a distance of 1.5awiil
within the Cleveland National Forest. It flowsrindhe National Forest under the Foothills
Transportation Corridor and through highly develbpeeas in Mission Viejo and Lake Forest. Further
southwest, the creek flows through a fully urbadiaesa along the I-5 corridor and the City of Lagun
Hills. Upstream of Pacific Park Drive, Aliso Creefters a floodwater retarding basin; downstream of
Pacific Park Drive the creek flows through an eegied channel toward the confluence of Sulphur
Creek and the upstream end of the Aliso and Woog/@e Wilderness Park. Sulphur Creek conveys
runoff from an 8.9-square-mile watershed, nearlf dfavhich first flows into Sulphur Creek Reservoi
(also called Laguna Niguel Lake) before draining iAliso Creek. Downstream of the Sulphur Creek
confluence (approximately 14.5 miles downstreammftbe origin and 5 miles upstream from the mouth),
the Park opens into a coastal canyon that is neadgveloped. Aliso Creek continues approximateby
miles to the diversion structure for the Aliso Ge&¥ildlife Habitat Enhancement Project (ACWHEP).
Roughly 0.3 miles downstream of ACWHEP is the assrfice of Wood Canyon Creek, a right bank
tributary draining nearly 4 square miles largelyhivi the park. The combined flows continue to the
south through the narrow canyon. Approximatelyile mpstream from the Pacific Ocean, Aliso Creek
flows out of the Wilderness Park and enters theapei Aliso Creek Golf Course located in the cordine
valley. Just upstream of the ocean, the creekepaksough a narrow strip of development along the
Pacific Coast Highway in the City of Laguna Beach.

The study area (Figure 1-2) focuses on the lowahr@f Aliso Creek (a distance of approximately 8
miles), specifically the reach from Pacific ParkM@rdownstream to the Pacific Ocean.
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1.2 PROJECT BACKGROUND

In October 2002, the USACE completed the feasyhilliase of the Aliso Creek Watershed Management
Study (WMS). As a product of the WMS, an arraylbérnative restoration plans was proposed as a
component of the Watershed Management Plan (WNEBEh component has been identified as an
effective means for addressing particular watergiieddlems. The Aliso Creek Mainstem Ecosystem
Restoration Study was one of the components diMhd°> recommended for further analysis through a
“spin-off” feasibility study.

The feasibility phase of the Aliso Creek Mainsteoo&y/stem Restoration Study includes two current
interim study milestones. The “F3” milestone ird#8 documentation of the without-project baseline
conditions for the watershed. The “F4” milestoneliides descriptions of the selected project
alternatives and the supporting with-project aredyt® characterize their performance. The F3 ioihes
was originally completed in December 2000; howesgag to the effects of large floods on channel
morphology and hydraulics during winter 2004/20®%, Baseline Conditions were revised. A revised
Hydrology and Hydraulics (H&H) Appendix for the WM#as prepared in fall 2009 to document
Baseline Conditions reflecting recent (e.g., 2006ugh 2008) topographic information and revised
hydraulics. The feasibility report will continue progress toward the F4 milestone with an updated
with-project conditions associated with selecteddation alternatives.

The Baseline Conditions documented in the revis&# Appendix (USACE 2009) suggest the
possibility of further degradation to the bed aadhs of Aliso Creek, particularly in the reachelbe

the ACWHEP diversion structure. As noted in thpeaqlix, factors such as bedrock outcrops and
channel widening may limit the future degradatibthe bed, and these factors were recommended for
further analysis during the No Action alternatiee the F4 milestone.

The restoration alternatives listed below are prelary and may change as the feasibility study
progresses. These alternatives represent forndytda@s that will be further designed to a suffitie

level of detail so that a selected plan can bemsgended. This geomorphic assessment will provide a
foundation on which to base future with- and withproject conditions.

= Alternative 1. No Action PlanThe hydraulic and sedimentation impacts shatldtermined for
future conditions without implementation of any ggstem projects. This alternative is the basis for
alternative comparison and selection.

= Alternative 2. Raised Channel Stabilizatiorhis alternative will stabilize the grade through
series of grade control structures that raise tiamgel invert elevation to maximize the reconnectio
of the channel and the historical floodplain. Qmelrsinuosity will be incorporated in this altermat
as appropriate.

= Alternative 3. Channel Stabilization at Existingg@e. This alternative will stabilize the channel
near the existing grade. An appropriate numbgrade control structures will be incorporated to
limit the future height of the structures. Thiteahative will not include connection to the higtat
floodplain, but will allow for the establishment ainew floodplain at a lowered elevation. Channel
sinuosity will be incorporated in this alternatiag appropriate.

= Alternative 4. Modified Channel Stabilizatio® modified channel stabilization plan will be a
hybrid of Alternatives 2 and 3 that will minimizee infilling inherent to Alternative 2 while allong
connection to high quality adjacent habitat. Tditernative will incorporate the results of the
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hydraulic, sediment transport, biological, and gegrhic assessments as required to take advantage
of areas that may be approaching an equilibriunditimm. Channel sinuosity will be incorporated in
this alternative as appropriate.

= Alternative 5. Detention BasinThis alternative will include a detention basin & series of
basins) at one of the following locations: Paciark, the Sulphur Creek confluence, within the Chet
Holyfield parcel, or at the ACWHEP structure. Tdasin (or series of basins) shall be multi-purpose
to include flow detention, retention, and habitaation. Both online and offline detention basins
were not recommended for further analysis durieg\Whatershed Study, but because of the potential
for additional environmental benefits, they will bensidered.

1.3 OBJECTIVES

The purpose of conducting this geomorphic assedsofieéiiso Creek is to support the F4 milestone of
the Aliso Creek Mainstem Ecosystem Restorationystuthe objectives of the geomorphic assessment
are twofold:

= to provide a basis for interpreting the hydrauhgi@eering work associated with the comparison
of the five alternative restoration plans summatirethe previous section, and

= to provide a rational basis for prediction of fi@wonditions under the no-action plan.

An important aspect of this assessment is the m@tation of an equilibrium/non-eroding bed slope
within the studied reaches of Aliso Creek. Thdspes are characteristic of a stable/graded chaanel
with a balance between sediment transport capaniythe amount of sediment supplied to it (Schumm
1977). The ultimate bed profile of Aliso Creeksey component of the future no action plan, islpart
dependent upon the determination of this slope.
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2.0 HYDROLOGY

The H&H Appendix to the Aliso Creek WMS (USACE 20@0hd the revised H&H Appendix (USACE
2009) summarized available stream gauging dateelisw/results of HEC-1 models calibrated to
watershed conditions. The gauging data were usetply to describe the historical flood record
whereas the model output was used to calculate fpmak and runoff volumes associated with N-year
floods. Integrating both sources of data provi@@seans for understanding patterns and changes in
watershed hydrology.

2.1 DEVELOPMENT OF THE ALISO CREEK WATERSHED

It is helpful to consider changes in the land cdizer, development) in the watershed since 1936ree
evaluating the historical flood record or considgrpredictions of future flooding. The generahtig of
development were compiled in the H&H Appendix (UFAZ000) based on reviews of historical aerial
photography and from data presented in the Alissel/San Juan Creek Watershed Management Study
Reconnaissance Report (USACE 1997). Table 2-kpteshese development trends.

Table 2-1. Historical Development in the Aliso Crele Watershed

Percent of
Watershed
Year Developed Data Source
1938 1| 1938 aerial photograph, 1" = 660’, Orange Achive
1959 4| 1959 aerial photograph, 1" = 500’, Orange AAchive
1968 8| 1997 USACE Reconnaissance Study
1972 15| 1997 USACE Reconnaissance Study
1981 33| 1997 USACE Reconnaissance Study
1986 47| 1997 USACE Reconnaissance Study
1990 59| 1997 USACE Reconnaissance Study
1998 74| 1998 digital aerial photograph
2005 75| 2005 digital aerial photograph

1 considers the entire Aliso Creek watershed, nbt thre portion draining to the Jeronimo Road gage

As shown in Table 2-1, most development in the mhisd has occurred since 1970, although a
considerable area of the watershed was used fauétgre prior to the onset of major residentiatlan
commercial development. The 1938 aerial photograblow several thousand acres of agricultural land,
primarily orchards, within the watershed area wgastr of the current I-5 crossing. The portion ef th
watershed downstream of I-5 contained far lescafguiral land and remained undeveloped through the
1950s. In the 30 years between 1968 and 1998|agewent in the entire Aliso Creek watershed
increased from 8 to 74 percent. Between 1998 808 development leveled off, and future
development will be limited by existing developmantl the boundaries of the Cleveland National Fores
in the headwaters and the Aliso and Wood Canyondéiiess Park in the lower watershed.
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2.2 HISTORICAL FLOOD RECORD

Four streamflow gauging stations have been opesdtearious times since 1930 in the Aliso Creek
watershed. The USGS has operated two gages; Otamgey Watersheds Program operates the other
two gages (formerly operated by Orange County Bnvirental Management Agency). Table 2-2
provides general descriptions of each gage.

Table 2-2. Descriptions of Aliso Creek Stream Gages

Drainage Area
Gage ID Gage Name (sg. mi.) Period of Record
USGS 11047500 | Aliso Creek at El Toro 7.9 1930 — 198(
USGS 11047700 Aliso Creek at South Laguna 34.4 198287
OC #4 Aliso Creek at Jeronimo Road 8.1 1980 — jptese
OC#1146 Lower Aliso Creek at Treatment Plant 30.4 0022- presen

The stream gage at Jeronimo Road is located appabedy 300 feet upstream of Jeronimo Road; the
UGSG gage at El Toro was located adjacent to SeStneet, approximately 800 feet upstream of
Jeronimo Road. Due to the similar location of éhe®o gages, their records are considered as ke sing
continuous record. The relatively short periodexford of the USGS gage at South Laguna limits its
usefulness for considering the long-term flood rddn the creek. The Orange County gage at théhSou
Orange County Wastewater Authority (SOCWA) treathpant also has a relatively short period of
record, and due to rehabilitation of the bridgetatants at the gauging station between October 2608
July 2009, the applicability of the rating curvesttbsequent flows is under review. Therefore, the
analysis of the historical flood record was basedhe flows as measured upstream of Jeronimo Rhad.
is noted that this record reflects runoff only fréme upper one-quarter of the Aliso Creek watersaed
that the gage is located in a concrete lined sedtidhe creek that under some flow conditions can
become supercritical (although Orange County desstrihe rating curve as “good”). The annual peak
flow and the annual total runoff volume for eachtavayear since 1932 are provided in Table 2-3. dvlaj
flood events, defined for comparison purposesaxifi having peak flows of at least 1,500 cfs, are
identified in Table 2-3 imold text.
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Table 2-3. Aliso Creek Annual Peak Flow and AnnuaRunoff Volume (Jeronimo Road Gage)

Annual Annual Annual

Runoff Runoff Runoff

Water Peak Volume Water Peak Volume Water Peak Volume

Year Flow (cfs) (ac-ft) Year Flow (cfs) (ac-ft) Year Flow (cfs) (ac-ft)

1932 508 559 1958 964 1,38( 1984 519 1,310
1933 352 164 1959 2 2 1985 442 1,530
1934 494 154 1960 32 13 1986 508 1,950
1935 1,240 634 1961 0 0 1987 190 372
1936 1,420 357 1962 73 177 1988 321 1,910
1937 1,950 619 1963 88 62 1989 315 2,780
1938 1,280 1,61( 1964 67 24 1990 260 1.060
1939 231 3849 1965 81 391 1991 610 1,29(
1940 547 301 1966 277 404 1992 3,000 2,29(
1941 632 2,55( 1967 333 571 1993 2,090 7,15(
1942 20 28 1968 35 174 1994 459 1,360
1943 943 1,91¢ 1969 2,500 4,320 1995 2,120 5,34(
1944 879 613 1970 95 49 1996 387 1,750
1945 678 364 1971 35 47 1997 1,070 1,76(
1946 182 1173 1972 81 212 1998 4,500 6,92(
1947 90 156 1973 636 5094 1999 254 1,49(
1948 102 13d 1974 223 373 2000 772 2,570
1949 2 1 1975 300 324 2001 572 3,130
1950 85 11 1976 58 54 2002 254 1,160
1951 0 0 1977 57 200 2003 1,690 3,28(
1952 950 1,520 1978 324 1,27( 2004 330 1,620
1953 133 45 1979 245 1,87( 2005 2,470 8,02(
1954 122 79 1980 2,100 6,420 2006 934 1,600
1955 15 6 1981 225 973 2007 402 1,150
1956 505 425 1982 161 1,04( 2008 1,580 2,18(
1957 2 1 1983 1,670 2,980 2009 909 1,628

P denotes partial annual volume
Bold textindicates flood events with peak flows of at 16da500 cfs

2.3

MODELED N-YEAR FLOODS

The H&H Appendix (USACE 2000) documents in detad development and calibration of the HEC-1
rainfall-runoff models for the Aliso Creek waterghelhese models were developed to calculate peak
rates of runoff and storm event volumes for vari@girrence interval storm events (referred toas N
Year floods). A few key notes from the 2000 App&rdgarding the development and calibration of the
models follow:

* The HEC-1 models were developed following the Oea@gunty Hydrology Method (OCHM),
which is a regionally calibrated rainfall-runoff el developed by the County in cooperation with
the USACE Los Angeles District for prediction abdid peaks and runoff volumes on ungaged
watersheds.

= The HEC-1 input parameters specified in the OCHBbVjate a regional best fit to discharge
frequency curves from a number of stream gage dsaarOrange County and Los Angeles County.
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= The Orange County Public Facilities and Resouragzaitment (now known as Orange County
Public Works) considers the method to represenbése information for regional rainfall-runoff
calibration on small ungaged watersheds in the @r&ounty area of southern California.

= Due to the limited available stream gage dataénstiidy area portion (e.g., downstream portion)
of the Aliso Creek watershed, the stream gageidataitable for comparison to model results, but
not as the primary standard for model calibration.

The results of the HEC-1 models provided peak diggds and runoff volumes for existing conditions
(representative of 2005/2006) at several conceotrgbints. Due to the limited future development
potential, as evidenced in Figure 1-1, particularlthe study area portion of the watershed, tligtieg
conditions results are appropriate for represemaif future conditions. The modeled peak discharg
results for N-year storm events under existing @@ were plotted against the adjusted streamflow
record (e.g., adjusted to account for differeneleof imperviousness over time) from the Aliso ke
gage and against peak discharge estimates froa®8%FEMA Flood Insurance Study (FIS), and a
smooth curve with negative skew (i.e., -0.2) simitaregional skew was drawn through the resultsis
curve resulted in adopted peak flow values grehter the modeled values for the 2-year and 5-year
events, but similar adopted and modeled valueth#o.0-year through 500-year floods. This procedur
for calculating peak flows was used to satisfy lothnge County and the USACE, and the results
compared favorably with the FEMA FIS (1993) andaloagencies. Peak discharges at locations of
interest for this geomorphic assessment in additidhe concentration points determined for thésex
2009 H&H Appendix (2009) are provided in Table 2%¥his table also includes peak discharges for the
1.1-year flood, calculated by extrapolation of leed frequency curves plotted for the locations of
interest.
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Table 2-4. Adopted Peak Discharges for N-Year Stors Existing Conditions

HEC-1 | Drainage
Conc. | Area (sq.| 1.1-YR 2-YR 5-YR 10-YR | 25-YR | 50-YR | 100YR | 200-YR | 500-YR
Location Point mi.) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs)
Jeronimo Gage 1 8.6 210 670 1,300 1,760 2,400 2,828,320 3,900 4,600
Moulton Parkway 2 10.9 700 1,020 1,7p0 2,210 2,650 3,040 3,460 3,78( 4,270
Confluence with trib. from WS G n/a 1419 1,0p0 D41 2,120 2,600 3,300 3,920 4,660 5,180 5,900
Pacific Park Ret. Basin Inflow n/a 17,0 1,1P0 1,640 2,550 3,110 3,990 4,640 5,450 6,330 7,430
Pacific Park Ret. Basin Outflow n/a 17.0 1,180 0,56 2,360 2,83( 3,460 3,950 4,450 4,900 5,830
U/S Sulphur Ck. Confluence 3 179 1,210 1,590 2,4002,900 3,570 4,060 4,560 4,980 5,480
D/S Sulphur Ck. Confluence 4 28[1 1,210 1,590 2,8303,810 5,120 6,100 7,240 8,480 10,100
D/S Wood Canyon Ck. Conflueng 5 319 1,300 1,620 ,043 4,170 5,30( 6,890 8,120 9,540 11,400
U/S of Abandoned Oxbow 6A 326 1,300 1,620 3,100 254, 5,900 7,104 8,30D 9,470 11,400
U/S of S-Bend 6B 334 1,310 1,640 3,150 4,400 6,0007,200 8,400 9,610 11,500
U/S of SOCWATreatment Plant 6C 3388 1,320 1,650 3,200 4450 0506, 7,300 8,55( 9,620 11,500
U/S end of Golf Course 6D 343 1,380 1,670 3,260 554, 6,120 7,360 8,610 9,720 11,500
Pacific Coast Highway 6 34.6 1,320 1,620 3,110 @,p7 5,930 7,130 8,480 9,710 11,500
Wood Canyon Outlet n/a 3P 120 410 810 1,130 1,5501,870 2,230 2,58( 3,110
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2.4  ANNUAL HYDROLOGIC REGIME

Referring back to Table 2-3, the annual runoff waduexhibits trends consistent with the developrmént
the watershed. Prior to 1978, the annual rundiime exceeded 650 acre-feet only in six of the &y

of record (13 percent). Since 1978, the annualffuolume has exceeded 650 acre-feet in every, ygar
30 of the 30 years (100 percent). Further, ninpnibbods have occurred in the 30 years since 1978
whereas only two occurred in the 46 years betw®&2 and 1978. The magnitude of the peak flows has
also increased since 1978. Prior to 1978, the imatmof the annual peak flow exceeded 1,500 cfig on
two times (maximum flow of 2,550 cfs in 1941); snt978, nine years have had peak flows in excess of
1,500 cfs (maximum flow of 4,500 cfs in 1998).

The noted increase in total annual runoff volunwenen years without a major flood, indicates it
baseflow in Aliso Creek during the dry season hassiased. The wet season, in which the low flows
generally consist of interflow and baseflow dram&gllowing Pacific frontal storm events, extencsn
September/October to March/April. In the dry seasdhich extends from March/April to
September/October, the low flows are most likelyegated by irrigation of residential and commercial
landscaping associated with development of therglagel. The H&H Appendix (USACE 2000)
documents in further detail the apparent confiraratf the increase in low flows due to development,
and verifies that the increases do not appear thébeesult of long-term meteorological effectsdnese
precipitation records show fairly constant raintater the period of record.

The increase in the dry season baseflow of AliseKiprovides a source of water that was histoyicall
not present for vegetation growing in the ripa@aeas along the channel. This water source hasedl
willows, sycamore, and cottonwood trees to thrivam environment where they would otherwise not
flourish. The influence of the baseflow on themiance and density of riparian vegetation is appare
when comparing aerial photographs from the laté498id 1960s, and 2009. Examples from the reach
containing the ACWHEP structure are shown in Figit€ through 2-3. Note the absence of riparian
vegetation other than brush until the 2009 photaigra
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3.0 GEOLOGY AND GEOMORPHOLOGY

Since the period of European settlement, the Aliseek watershed has undergone extensive human-
induced changes. European settlement and assbliststock grazing in the Coastal California
watersheds caused significant degradation of thieengrasses in the early 1800s and by the mid-late
1800s there were widespread barren lands thatasedeon-slope erosion and watershed sediment yield
(Pulling 1944). Somerfield and Lee (2003) docuradrgignificant increases in watershed sediment
yields with offshore sedimentation rates being mhigiher than those during pre-colonial times. Peak
rates of sedimentation in estuaries along the @aii coast occurred in the mid-laté"k@®ntury in
conjunction with the peak degradation of the raagds$ in the coastal watersheds (Warrick 2004). The
net effect of these early changes along Aliso Creak most probably depositional. Post-settlement
alluvium deposits of between 3 and 4 feet in thegdsican be observed above well-developed buried soi
exposed in the current banks of the creek (reféigare 3-39). Land-based (Weston 1937) and aerial
(1939, 1947) photography indicated that there wasse riparian vegetation along Aliso Creek, prtpab
the result of cattle grazing. The paucity of riparvegetation may have lowered the stability thokesfor
Aliso Creek during subsequent man-made disturbasmogsnade the creek more susceptible to erosion
(Haible 1980; Harvey and Schumm 1987).

Commencing in the 1960’s, the Aliso Creek watershad urbanized, and by 1998 about 74 percent of
the watershed was developed. The fact that agehfmom natural or agricultural land use to urbeamdl
use has dramatic effects on water and sedimerntsyfedm a drainage basin has been widely documented
since the 1960s (Wohl 2001). Numerous studiesitiirout the United States (Wolman 1967; Miller et
al. 1971; Graf 1975; Morisawa and LaFlure 1979Mdwret al. 1983; Miller 1987; Von Guerard 1989a,
b; Urbonas and Benik 1995; MEI 2008; Stogner 26{dryvey and Morris 2004) have documented the
adverse effects of urbanization on channel stglalitd flood regimes. In common with channels heot
urbanized watersheds, Aliso Creek incised in respdo the changes in the water-sediment balance.
Unlike most incised channels where degradationssiiaithe lower reaches and migrates upstream
through time (Schumm et al. 1984), comparativevtbgl profiles of Aliso Creek (USACE 2009) indicate
that, in general, degradation originated in therngasn sections of the channel and progressed
downstream through time, which is a characterddtichannels where there has been a major change in
basin hydrology (Harvey et al. 1987). The ava#ablalweg data indicate that degradation in thehes
upstream of the existing ACHWEP structure commenicele early 1970’s and continued into 2006 in
the reaches immediately downstream of the ACHWERtre. As the channel was degrading upstream
of the existing ACHWEP structure in the 1970’s, ithereased sediment loading from channel erosion
was causing aggradation downstream of the ACHWERtsire until about 1980. Construction of the
ACHWEP diversion structure in the early 1990’s haglgnificant impact on channel stability
downstream, resulting in about 20-30 feet of degtiad. Some degradation in the lower reaches isbAl
Creek may have been caused by channelization betb@Er and 1964 in the vicinity of the Aliso Creek
Inn, where a bend was cut off which reduced thallobannel length by about 63 percent. Degradation
of the upper reaches of Aliso Creek was arrestetthdplacement of grade-control structures at the
ACHWERP irrigation diversion, the AWMA road crossiagd at six other locations farther upstream.
However, with the exception of the grade-contribledithe SOCWA Bridge, there are no man-made
grade controls in the reach below the ACHWEP simggtand hence the current and future
degradational/aggradational status of the chamrthli$ reach is of paramount interest to this mtojie

the context of aquatic habitat in Aliso Creek arildife habitat on the floodplain and terraces athuhg
the riparian corridor, it is necessary to identifiyether the system has attained a new state dftgun
and stability or whether it will continue to degeadwatershed sediment delivery to the coast & als
dependent on the equilibrium state of the channel.
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Numerous studies of incised channels formed irvalumaterials and located in humid and semi-arid
regions of the U.S. have shown that following irans the channel passes through a consistent,
predictable sequence of channel forms through ¢ireéand et al. 1939; Schumm et al. 1984; Harvey an
Watson 1986; Simon and Hupp 1986; Simon 1986; &etlal., 1991; Harvey et al. 2007) until a new
state of dynamic equilibrium between watershed bipdyy and sediment supply and channel morphology
is attained. These systematic temporal and sgatjastments have been collectively referred to as
channel evolution, and a number of geomorphic nofial., Incised Channel Evolution Models — ICEM)
that are based on the concept of location for Boisstitution (Paine 1985; Schumm 1991) have been
developed that provide a logical basis for intetipgepast and present channel form and processelhs
as prediction of future channel form and processi¢dm et al. 1984; Simon and Hupp 1986).
Therefore, an ICEM is well-suited for this geomdophissessment of existing conditions and expected
future conditions within Aliso Creek.

A five-class ICEM was developed by Schumm et &84) and modified to a six-class ICEM that
included a channelized class by Harvey and Watk®86) to explain the evolution of incised channels
from a state of disequilibrium characterized byteyswide vertical and lateral instability to a nstate

of dynamic equilibrium characterized by system-widetical and lateral stability. The new chansel i
bounded by a functional floodplain that is insdblethe former floodplain that has become a
hydrologically-disconnected terrace. Figure 3ldsirates the spatial relation of these morpholgic
features that are represented in the ICEM.

Hydrologically Disconnected Hvdrologically Di ted

Terrace/Abandoned Floodplain ydrplogically Disonnneg ;

Terrace/Abandoned Floodplain

" e B Eroding " Valley Fill
- Valley Fill - - Ty

- &4 ; Termace Hydrologically Connected P B

! . i Inset Floodplai o T
JF o Qj . nset Floodplain i 4 Q G
AP S 9 - -

< J , _ ™ Sand Deposition - Fa O '

§> g n © ¢ BedMaterial . . G | Q

Figure 3-1. Schematic of an incised alluvial chanhe

The six-class model describes the systematic égalof a channelized stream from a state of human-
induced disequilibrium (Class Il) to a new statelgfiamic equilibrium (Class VI) (Figure 3-2). Thi&
classes represent a continuum of morphologicalgdgsmwith gradational boundaries between the
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individual classes. The model identifies, quaesifiand integrates four important components afirvdla
evolution: bank stability, the dominant/effectiiecharge, the hydraulic energy and sediment trahspo
capacity of the dominant/effective discharge, dredrhorphological adjustments of the channel through
time and space (Harvey and Watson 1986; Watsoln 2888). Following human-induced disequilibrium
(Class Il), the channel incises (Classes Il ang Widens as a result of failure of the excessiakb

heights (Classes IV and V), and ultimately aggrd@#ass VI), at which point an equilibrium channel
reflecting a dynamic balance between sediment guppl transport capacity has formed within the over
widened channel incised in the valley floor. Mbask failure occurs when the bank height exceesgls th
critical bank height (Little et al. 1981; Watsora&t1988). When the banks are steep, slab or evedg
failures predominate (Class IV) and as the bankeasisgsubsequently reduced, deeper seated slump
failures predominate (Class V) (Lohnes and Handi81®arvey and Watson 1986; Thorne 1988; Thorne
1999; Simon and Darby 1999). System-wide, as agggptslocal, channel widening as a consequence of
bank failure will continue as long as the failechbanaterials are removed by flows. Conversely,
retention of the failed bank materials will prombtnk stability and prevent further channel widgnin
(Carson and Kirkby 1972; Thorne 1982, 1991

During the course of the evolution of an incisedrutel, sediment yields from the watershed are
dominated by evacuation of material stored withimalley floor. Repeat cross section surveysof a
incised channel, Oaklimiter Creek, in Northern Néisgppi (Schumm et al. 1984) and a computer
simulation of the geomorphic evolution of that cheln(Watson et al. 1986), indicated that total isexfit
loss due to channel erosion (bed and banks) frerd2hsquare mile watershed was on the order of 6.5M
tons over a 15-year period. Initial rates of evnsivere on the order of 0.1M tons/year (3.7 torgrac

but the maximum rate occurred when the channelmeest actively widening and approached 0.5M
tons/year (19 tons/ac/yr). Eventually, channesienorates diminished to about 0.05M tons/year (1.9
tons/aclyr) as the channel approached a new dtatpdibrium. Simon (1989) showed similar trends
with erosion rates eventually returning to lessitBdons/ac/yr. Other studies of incised chan(&ilmon

et al. 1996; Simon and Darby 1999; Harvey et ab72®ave shown that sediment derived from actively
eroding incised channels can represent up to 8@peof the total sediment yield from the landscape

The channel evolution sequence can take 40 to &3 ye channelized streams of the humid southeaster
U. S. (Schumm et al. 1984; Schumm 1999; Simon 1388)ut 75 years in the drier climate of the north
Texas Hills (Harvey et al. 2007) and over 100 géarthe arroyos in the semi-arid southwest U.RII{&

et al. 1991). The semi-arid, Mediterranean-typ@ale of the Aliso Creek watershed, with its high
annual and inter-year flow variability, places thepected timeframe of the channel evolution seqeenc
somewhere between these bounds, likely closeret@®-year duration of southwest streams. However,
the timeframe for channel adjustment in Aliso Creedy have been shortened by two factors working in
combination. In contrast to most alluvial rivemsmnore humid environments, the dynamics of the
southern California coastal streams appear to bérded by extreme hydrologic events that may @t fa
be the dominant flows (Downs 2007). Review oftihee-sequential thalweg profiles of Aliso Creek
(USACE 20009) indicates that the major incision detmeam of the ACHWEP structure occurred in
response to the flood events of the 1990s thatidied the flood of record in 1998, and there has bee
very little adjustment since that time in spitelod occurrence of a number of sizable floods in3200
2005, 2008 and 2010. Additionally, the increasaseflow as a result of the urbanization of the
watershed support extensive riparian vegetatiohhi#ree become established along the inset floodplai
thereby providing “effective cohesion” to the baealdank materials (Gellis et al. 1991). An
approximately 25-year recurrence interval peak flo®010 was unable to dislodge this vegetatiod, an
field observations clearly indicate that the vegietais inducing overbank sedimentation on the
developing inset floodplain that is essential tialelsshment of a new dynamic equilibrium state.eTh
already established vegetation is likely to pemistn under drought or reduced base flow conditions
because of the proximity of the current channeltoezhallow groundwater.

@ 18 June 2010



Aliso Creek F4 Geomorphic Assessment Draft Report

The evaluation of the current and historical gegrhar characteristics of Aliso Creek provides a nsean
for identifying where different reaches are in segjuence of channel evolution, and allow for prtexhs
of future geomorphic adjustments and their impaatthe ecological functions of Aliso Creek. For
example, categorizing a reach as Class lll indgcakgsting vertical instability with expected bank
erosion and channel widening in the future; whepsdisgorizing a reach as Class V indicates thabmaj
adjustments have already occurred and the chasinaturally stabilizing. These categorizationsooee
particularly useful when considering managemenibopt Action such as installation of grade control
structures taken in a Class Il channel could ainession, preventing major changes to channel
geometry, instream habitat, and riparian vegetatiwhreducing sediment loading from the channel
boundary. Grade controls and bank stabilizatioasuees implemented in a Class V reach may be less
beneficial as the channel is naturally approachingw state of dynamic equilibrium.
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3.1 GEOLOGIC SETTING

The Aliso Creek watershed is located within the $@aquin Hills, which form the northwestern coragr
the Peninsular Ranges Geomorphic Province. Thgedi§an Joaquin Hills are a northwest-trending
anticlinal structure that has been incised by sdwrainages that outlet southwest to the Pacifiead
(Grant and others 1999). The bedrock geology ofSéwe Joaquin Hills is composed of Tertiary-age
marine and non-marine sedimentary rocks (Mortcal.€t974). Bedrock in the northeastern portion of
the watershed consists of slide-prone, siltstondsctaystones of the Capistrano and Monterey
Formations. In the southwestern portion of theewsdted, these formations overlie the interbedded
siltstone and sandstone of the Topanga Formatgether with lesser amounts of the San Onofre Baecci
Formation. The San Onofre Breccia consists of image thickly bedded light gray to yellow-brown
sandstone, pebbly and cobbly sandstone, and corghten The San Onofre is generally dense and is
locally cemented (Mactec 2007). Bedding attitudéhkiwthe northeastern portion of the watershed
generally strike north with dip values ranging fréthto 25 degrees west. Within the southern poio
the watershed, south of the inactive Temple Hilltfebedding attitudes generally strike east-wegh w
dip values ranging from 8 to 25 degrees south (Faarman and Associates 2009).

Numerous modern and ancient landslides have beppeadan the hills along Aliso Creek (Morton et al.
1974). In general, south-facing hillslopes undertey the Topanga Formation have the highest
occurrence of landslides. Alluvium derived frone gsurrounding hills has filled in Aliso Canyon
throughout the Quaternary. Subsequent uplift ansion by the modern Aliso Creek has created &luv
terraces on and a number of alluvial fans that lms@graded out onto both the historic terracesthad
pre-incision floodplain on both sides of the credkovement of the large (>15 acres) landslidesiwith
the area likely predates the recent Holocene alugiraces along the banks of Aliso Creek (Morbal.
1974).

The distribution of Quaternary-age landslides dhdvial fans based on the mapping by Morton et al
(2004) within the project reach of Aliso Creek am®wn on Figure 3-3. The locations of the lanésljd
especially in the reach below the ACHWEP structnag explain the presence of clay-rich units (£,
CL) that dominate the valley fill sediments, andttivere described as possibly being weathered bledro
on the basis of borings and seismic refractionil@®{Diaz, Yourman and Associates 2009). The
locations of the eight borings performed in 200XA are shown on Figure 3-3. Field observations
along Aliso Creek clearly demonstrate the imporgamicthese clay units to both bed and bank stgbilit
Clay outcrops control the current elevation of¢hannel bed at RM 2.4, RM 2.6 and RM 2.75, and the
planform of the river at RM 2.0 (S-Bend) (referfRigure 3-35). Additionally, clay units form thesto
materials in numerous, near vertical banks aloegitheply incised reach between the S-Bend ana¢he t
of the ACHWEP structure. Mass failure of the oyieid) alluvium occurs at the contact with the
underlying clays and fluvial erosion erodes thg<lat a lower rate resulting in the convex-shapeget
bank profile (refer to Figure 3-38).
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Re-plotting of the boring logs developed by Diapu¥man and Associates (DYA 2009) into a single
longitudinal profile of Aliso Creek from just upsam of the SOCWA plant to the ACHWEP structure,
and addition of the 2009 surveyed thalweg profild the locations of major landslides and faultpfieb
explain the spatial distribution of valley fill usiand bedrock exposures that control the versizddility

of Aliso Creek (Figure 3-4). A large landslide ébed between RM 1 and RM 1.5 (Figure 3-3a) probably
blocked the channel of Aliso Creek and very likelymed an upstream lake that historically in-filleidh
fine-grained sediments. The uppermost elevatiétiseoCL units in borings DYB-3, DYB-4 and DYB-5
are very similar, suggesting a lacustrine origlay outcrops observed in the bed of the channeMat
2.4, 2.6, and 2.7 are composed of this depositiomi&l A large landslide between RM 2.5 and RM 3
(Figure 3-3b) may have also blocked the channelfamded an impoundment that resulted in deposition
of the CL unit in DYB-6, and similarly, this coulthve occurred as a result of a landslide at RMr3.5
DYB-8 and DYB-9.

The presence of confirmed bedrock at the thalwegagion at DYB-2 and DYB-7 is probably related to
the presence of the mapped faults (Morton et &4L9Weathered sandstone outcrop was also observed
in the bed of the channel at RM 2.44 (refer to Feg8r33). However, it is not known whether this
represents in-situ bedrock or translated bedroglaasof the large landslides between RM 2.2 and RM
3.0. Itis clear that the landslide at RM 2.2 htiscted the planform of the river and upstreanheyal

floor sedimentation. Development of the histoticdistorted bend at RM 2.4 that eventually cutoff
become the oxbow was clearly controlled by thegaes of more erosion resistant materials from the
landslide, which also formed a valley floor corttidn that resulted in upstream sediment deposadicar
time.
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3.2 GEOMORPHOLOGY

The H&H Appendix (USACE 2000) contained a geomoecssessment of the planform, profile, and
cross section geometry to evaluate the physichilisyeof Aliso Creek. The changes in the morplgio
of the creek were considered along with the histbflood record and the increase in developmetttén
watershed. The assessment was based primarilgldméconnaissance and review of historical
topographic surveys, historical aerial photographsl, previous studies. Descriptions, dates, anctss
of historical data sources are summarized in Tadle

Table 3-1. Historical Data Sources

Description | Publication Date | Source
Topographic Surveys

7.5-minute topographic maps (1:24k, 20-f1)CI 1967 USGS

Aliso Beach to Moulton Parkway (1" = 50, 1-ft CI) 1967 Orange County Public Works
Sulphur Creek confluence to I-5 (1" = 100’, 2-ff)CI 1971 Orange County Public Works
Ocean Outlet to Aliso Creek Road (1" = 80’, 5-f) CI 1977 Orange County Public Works
Sulphur Creek confluence to SR-73 (1" = 40’, 1-%f} 1983 Orange County Public Works
ACWHEP to Leisure World boundary (1" = 50’, 2-ft)C 1994 Orange County Public Works
Aliso Creek Environmental Restoration Study project 1998 Orange County Public Works

mapping (1:1,000, 1-m CI)

Aerial Photography

Aerial Survey (1" = 660") 1939 Orange County Archive
Aerial Survey, Rural & Urban (1” = 500°) 1959 Oran@ounty Archive
Aerial Survey, Urban (1" = 500’) 1964 Orange CouAtghive
Aerial Survey, Urban (1" = 600’) 1970 Orange CouAtghive
Digital Color Aerials (600 dpi) 1996 Aerial Foto Blg Inc.
Digital Aerials (100 dpi) 1996 City of Mission Viejo

Color Aerials (1" = 2,000 1997 Orange County RatWorks

1 CI = contour interval

Additional data sources were available for thesediH&H Appendix (USACE 2009), including newer
topographic surveys and aerial photography. Degsons, dates, and sources of these data are pedsen
in Table 3-2.

Table 3-2. Recent Data Sources

Description | Publication Date | Source
Topographic Surveys
SOWCA to Sulphur Creek confluence (2-fECl 2003 SOCWA
SOWCA treatment plant to 300’ downstream of 2006 Orange County Public Works

ACWHEP, bank to bank channel surveys approx. every
80 feet along the thalweg

Pacific Ocean to SOCWA treatment plant (1-ft CI) 020 Athens Group
ACWHEP to Skate Park (1:4,300 LiDAR, 1-ft CI) 2008 Orange County Public Works
Aliso Creek Road to Moulton Parkway (2-ft Cl) 2008 USACE LAD
Aerial Photography
Orange County (1m resolution) 2002 AirPhoto USA
Orange County (1m resolution) 2009 USDA NAIP

L All topographic mapping, if not referenced to téorth American Vertical Datum 1988, were converteithis datum
2 ClI = contour interval
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The current project hydraulics and sediment model® based on the most recent data available (2006
through 2008). However, mapping information fron®&%vas used to analyze geomorphic trends of
Aliso Creek. In addition to being used as a stallotie 1998 topographic mapping, the mapping
information from 1998, which has the largest maggimits among the various recently collected data,
was used to supplement mappings of 2003, 2006,, 20@i72008 for the areas where no topographic
information was available for the mapping of thepective year. This merged dataset is hereafter
referred to as the 2006 dataset.

For all data collected since the 1998 survey, nabhorizontal and vertical controls for these magp
sources were the North American Datum (NAD) 1988teSPlane, California VI FIPS 0406 (Feet) and
National Geodetic Vertical Datum (NGVD) 1929 (Feetspectively. The 1998 survey conducted by
USACE has horizontal control in NAD 1983 UTM Zon&NL(Meter) and vertical control in NAVD
1988. In order to accommodate its horizontal datine 1998 mapping was re-projected to NAD 83,
State Plane, California VI (Feet) using ESRI ArcMaftware. For all datasets prior to 1998, the
elevations were converted to reference NAVD88 (Feet

During the October 2009 reconnaissance, a TrimB®ARKRTK GPS receiver was used to record locations
and elevations of features of interest. The ct#lclata were referenced to the NAD 1983, StateePla
California VI FIPS 0406 coordinate system in upit$eet; vertical control was based on the NAVDBS i
units of feet.

3.2.1 Historical Channel Characteristics

The morphology of Aliso Creek is the result of thaoff and sediment delivered from the watershedl an
their movement through the alluvial materials inahtithe creek is formed. Changes in the hydrologic
regime of the watershed described in Section 2 diffetences in the alluvial materials in the vglle
bottom can change the morphology of Aliso Creeke Torphology of the creek is spatially manifested
in three dimensions (i.e., elevation, distance gitve direction of flow in the creek, and distance
perpendicular to the direction of flow in the crgednd it changes over time. The interrelatiortsvben
the three-dimensional morphology of the channekaraplex, so a series of two dimensional
perspectives allow for a simpler comparison ofdrisal channel characteristics. These perspectives
include: planform, longitudinal profile, and cras=ction geometry. The planform is the horizontal
representation of the channel as seen in an gdvidbgraph (elevation is not explicitly quantifiedhe
longitudinal profile illustrates changes in elewatof the streambed along the direction of flowogs
section geometry represents changes in elevatigepeicular to the flow direction in the creek.
Comparisons of each of these indicators of chamoephology made between 1939 and 2009 are
provided in the following sections.

3.2.1.1 Changes in Planform

The comparison of historical aerial photographsdesd in the H&H Appendix (2000) shows the
dynamic nature of Aliso Creek. Although channelghs typically increase over time due to lateral
erosion at the bends, several major bend cutoffe wleserved historically, resulting in reductions i
channel lengths of up to 1,500 feet. Some chamgiéxe planform result from human actions whereas
other changes appear to result from natural presess

To quantify the changes in planform, the Aliso Greenterline was digitized from various historical
aerial photographs (i.e., 1939, 1959, 1964, 199061and 2006) and topographic maps (i.e., 19693,19
1994, and 1998). The centerlines were superimpattt same scale to allow for comparisons over
time. As a result of the process of digitizingtbigcal data, the comparisons of historical dateettent
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data are most appropriately used for general casga over time; apparent differences from one tear
the next may result from errors associated witltidagion and spatial referencing of the data sesirc
Initial reviews of the centerlines revealed fowraa within the current study area where changes in
planform appear most dynamic. The locations ofetereas are shown in Figure 3-5; detailed views of
each area are provided in Figures 3-6 through B-flescription of the changes shown in these figure
follows.

= Figure 3-6: S-bend.The S-bend (a double horseshoe bend) exhibitggssive extension in the
upper bend on the order of 1.5 feet per year fré881o 2006 (i.e., 120 feet over 67 years). The
position of the downstream bend has fluctuated tusrsame period, but has not demonstrated
progressive movement in a single direction. Tlieblank in the upper bend was observed to have
considerable clay content throughout the vertiealkoprofile. If not for this clay, the rate of
extension of this bend would be much greater. dgaoint bar is being developed on the opposite
bank. During the February 2010 reconnaissancejumtied after a series of floods in late January,
evidence of out of bank flows bypassing the upgerdowvas observed. At the downstream end of the
bypass channel, a headcut approximately 3 featighbhhad formed and will progress upstream to
eventually cutoff this bend. This cutoff is expetto abandon approximately 850 feet of the creek,
and the new channel will thus be approximately f&@® shorter than the existing channel.

* Figure 3-7: Abandoned OxbowAs shown in the 1939 aerial photography, Aliseékrfollowed

a prominent double horseshoe bend (referred theadthandoned Oxbow). The 1959 and 1964
aerials show extension of both bends, elongatiagkiannel length. Most likely at some time in the
mid-1980's, probably as a result of the flood @ 8r 1983, this bend was cutoff and the channel
length decreased by approximately 1,600 feet. FA®86 to 2006 the cutoff channel has migrated
approximately 300 feet in the downstream direction.

= Figure 3-8:Chet Holifield Federal Building The Chet Holifield Federal Building was
constructed between 1968 and 1971 along the lak bBAliso Creek, just north of the Aliso Road
crossing. A 3,000-foot engineered channel wastogeted in 1969 as part of a flood control and
erosion mitigation project that cutoff approximgt8|200 feet along a meander bend on the site of
the federal building. The new channel reducecttt@nel length by approximately 1,500 feet.
Riprap bank protection and concrete drop structweze installed to limit future channel incisiordan
migration in this shortened and steepened reacite 3970, the planform of the channel has
remained as constructed in 1969.

» Figure 3-9:Pacific Park Drive to San Joaquin Hills Transportat Corridor (SR-73 Tollway)

The 1939 aerial photograph shows a series of tigf#nder bends in this reach. Between 1939 and
1959, these bends were cutoff and the channelHategtreased by approximately 800 feet. Due to
the influence of the Pacific Park Drive culvertlem@ment around 1992, the retarding basin upstream
of the culvert influences local hydraulics, partaly during flood flows, and contributes to the
dynamic nature of the planform through this bagks.seen in the 1996 and 1998 aerials, the
meander bends reformed, but again appear to hawt by 2006.
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3.2.1.2 Changes in Profile

Figure 3-10 compares streambed profiles from 19671, 1977, 1980, 1983, 1994, 1998, 2006, and
2009. Reaches were established between pointgésridtate plane coordinates etc.) that could be
located on each of the historical maps, and pofilere plotted. Common points were identifiechie t
historical profiles (e.g., bridge crossings, gradetrol structures, and tributary confluences), ted
stream lengths were proportionally adjusted to m#te stream length from the 2006 dataset (the most
recent dataset, as described in Section 3.2)el@llations were converted to reference the NAVDS88.
The resulting profiles are most accurate at thatlons of common points, but the accuracy may beito
at greater distances from these points where theral lengths were adjusted and in places where the
distance between reported elevations is greatest.

The figure provides a visual comparison of theigattchanges in the profiles through time. The most
significant changes occur at the drop structunglsects, and other drainage facilities installettcsi
1967. A brief description of significant changeghe profile follows, proceeding upstream alorng th
profile.

=  SOCWA Treatment Plant to ACWHEP Structufée bridge over Aliso Creek for the access
road to the SOCWA Treatment Plant has providedegcamtrol since 1977. The concrete sill under
the bridge has maintained a nearly consistent etevehrough the 2006 survey. For approximately
1,500 feet upstream of the bridge, localized degjtad of up to 6 feet has occurred between 1977
and 2006. However, farther upstream, locationd sscRM 2.1 (upstream of the S-bend) and RM
2.5 (upstream of the Abandoned Oxbow) show esdlgmtia degradation over time, indicating that
these are local grade controls such as exposeddledrosion resistant clay layers, or plugs of
coarse sediments that are relatively immobile. T%i&7 profile shows a localized increased slope
between the S-bend and the Abandoned Oxbow (RNb1273), but generally follows the slope of
the 1967 profile up to the ACWHEP structure. Thevdstream end of the 1980 profile shows a
localized steep reach (RM 2.8 to 2.9) that reflect8-foot headcut; by April 1982 this headcut had
progressed upstream without establishing a weihddfdrop of appreciable magnitude (CDM 1982).
The ACWHEP headgate structure, originally installethe early 1990s to divert flow for irrigating
vegetation in a mitigation bank, has been reinfomeer the past two decades and the current drop of
approximately 22 feet across the structure makiéilargest grade control in the study area. The
1980 profile follows closely the profiles from 19@rd 1977 in the reaches upstream and downstream
of the ACWHEP structure. By 1994, incision of appmately 18 feet has occurred on the
downstream side of ACWHEP. Another five feet ofjidelation is evident by 1998, however, 1998
profile was based on an aerial photograph takexpiil 1998 and likely represents the elevation of
the water surface and not the thalweg — meaningdigeadation between 1994 and 1998 may be
greater than shown. Also, the apparent degradatiown in the 2006 profile may actually only be
the difference between the low flow water-surfaesation in 1998 and the surveyed thalweg
elevation in 2006. Therefore, it appears the bedation between the SOCWA Treatment Plant and
ACWHEP may be stabilizing, likely due to the infhee of natural grade controls.

=  ACWHEP Structure to AWMA Raa®ue to limited points in the 1980 profile, ratds

degradation in this reach for the periods 1977@0land 1980 to 1994 cannot be meaningfully
compared; however, it does appear that progreseigeadation of the reach s occurred between 1967
and 1994. According to the CDM (1982) report, matkhe erosion in this reach occurred in the
flood of 1980. Since 1994, the channel grade taslized, potentially even aggrading slightly. dw
drop structures have been constructed in this re@cke 1967: a 4-foot concrete sill at the AWMA
Road crossing and a 4-foot riprap drop approxirged8D feet downstream of the Sulphur Creek
confluence. The riprap drop structure was likeltalled at the natural 6-foot drop captured in a
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1980 survey, and observed in February 1982 asuaahalrop at about the same location as was
described by the 1980 survey (CDM 1982). Durirgg2B09 reconnaissance, the riprap structure
downstream of the Sulphur Creek confluence wadaustd, and the 2009 spot elevations indicate the
structure is now buried by deposition. Since 1998he 500 feet leading up to AMWA Road, four to
five feet of bed degradation appears to be movpgiraam; the concrete sill at the bridge will cohtr
and prevent upstream propagation of this degradatio

=  AMWA Road to Avila Road (upstream of the Skate)Pawo 10-foot concrete drop structures
and a five-foot riprap drop were built to mainténe original channel slope when Aliso Creek was
channelized through this reach in 1969. Althodghdrop structures act as control points for the
channel profile, they do not prevent sedimentatidrcase in point is the downstream drop structure,
which was visible in the 1971 survey, covered jirsent in the 1977 and 1983 surveys, and
exposed again in the 1994 survey.

= Avila Road (upstream of the Skate Park) to Paéifick Drive Although the channel bed
showed less than a few feet of vertical variatimmf 1971 to 1983, at some point between 1983 and
1994, erosion necessitated the construction off@oBriprap drop structure at the waterline crogsi
at RM 6.26. The drop is clearly visible in the files since 1994.

» Pacific Park Drive to Pedestrian Bridge for Aliste}o Middle School The head cut shown in
the 1971 channel profile just above the currentrfSRrossing is probably due to the cut-off of the
horseshoe bend described in the planform changgseam of Pacific Park Drive. Upstream
migration the headcut is now prevented by the pighap structure at the pedestrian bridge.
Aggradation of up to 6 feet has occurred betweerStiR-73 Tollway and the pedestrian bridge
between 1994 and 2006.
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3.2.1.3 Changes in Channel Geometry

Cross sections were obtained from topographic nfE§&7, 1971, 1977, 1983, 1994, 1998, and 2006) at
six locations within the study area. The locatiohthese cross sections are shown in Figure BHe

cross sections from different years are approxiipaentered to illustrate changes in the channdtiwi
and overall cross-sectional shape. The crossosctire plotted from left to right facing downstreim
Figures 3-11 through 3-14.

= Figure 3-11: 1,000 feet upstream of SOCWA Treati&anit—Survey data at this location were
available for 1967, 1977, 1998, and 2006. In eddhese four years, the section has maintained a
fairly constant morphology, with only minor increasn bottom width. Despite the consistent shape,
the channel has migrated toward the east, approsiyn@0 feet between 1977 and 1998.

* Figure 3-12, lower section: 300 feet downstrearivoiod Canyon Creek Confluendéis

section shows progressive incision and wideningvéen 1977 and 1998. The apparent aggradation
between 1967 and 1977 is more likely the resutliférences in the resolution of the topographic
survey data rather than actual changes in chanmgihulogy, but it could also be due to increased
upstream sediment supply due to upstream changeddigtion. The greatest change occurred
between 1977 and 1998. Between 1998 and 2006rdke section has maintained nearly the
identical shape and elevation. Over the 31 yeatwden 1967 and 1998, the thalweg elevation
dropped approximately 19 feet and the top widthaased from approximately 60 feet to 130 feet.
As a rough estimate, the cross sectional areadasetenearly eight-fold, from approximately 230
square feet in 1971 to 1,780 square feet by 199 influence of the ACWHEP structure on
sediment continuity through this reach coupled i extensive development of the watershed
explains the severe degradation between the 19¥7384 surveys.

= Figure 3-12, upper section: 300 feet upstream obtMBanyon Creek Confluencé@his cross
section exhibits similar changes in morphologyhi® ¢ross section 300-feet downstream of the Wood
Canyon Creek confluence. The thalweg elevatiomedsed by 21 feet between 1967 and 2006. The
top width increased from roughly 65 feet to 115.feks an estimate, the cross sectional area of the
channel increased by a factor of nine, from appnately 200 square feet in 1967 to 1,790 square
feet in 2006. However, it is important to note thaly minor differences are evident in the geometry
in 1998 and 2006. The major degradation betweed 77 and 1994 surveys is largely attributed to
the location of this section approximately 1,606 fdgownstream of the ACWHEP structure.

= Figure 3-13, lower section: 200 feet downstrearSuaphur Creek ConfluenceA consistent
pattern of incision and channel widening is appngrto 1998, but the geometry has not changed
much between 1998 and 2006. For the 35 years bath@71 and 2006, the thalweg has incised
approximately 9 feet. The top width has incredsah 65 feet in 1971 to 135 feet in 2006. The
channel appears to have aggraded and narrowedthshgiween 1998 and 2006, but future surveys
would help confirm whether this reflects a progressrend or a temporal fluctuation.

= Figure 3-13, upper section: 500 feet upstream @bl8ur Creek ConfluenceThis section has
incised and widened between 1971 and 1994, and@dgdrand continued widening between 1994
and 2006. The thalweg elevation decreased byéitbhtsween 1971 and 1994, and has increased by
3 feet between 1994 and 2006. The top width has#ased from 90 feet to 180 feet over the same
period. The aggradation since 1994 is supportethégomparison of historical profiles (Section
3.2.1.2).
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= Figure 3-14: 500 feet downstream of Pacific Parkver The geometry of this cross section has
changed little between 1971 and 2006. The bottadtivwnarrowed some from 1971 to 1994, but
widened back out to about where it started by 200&e thalweg elevation has not changed any
appreciable amount, likely due to the presencevaditer-line crossing and grade-control structure
1,200 feet downstream. The retarding basin omgistream side of the Pacific Park drive culverts
reduces the peak flows during floods through thiss section, also contributing to its relative

stability.
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3.2.2 Current Channel Characteristics

The comparisons of the historical planform, londital profile, and cross section geometry preseinted
the previous section provide historical contextdnderstanding the evolution of the channel mormpdl
to its current state. It is obvious that over plast two decades the morphology of much of Alisee®r
but in particular the reach between the SOWCA mneat plant and the ACWHEP structure, has been
changing. The current morphology was charactetiagitovide a basis for expected future
morphological conditions.

3.2.2.1 Planform and Profile Features

During the October 2009 reconnaissance, Aliso Cvesekwalked from the SOCWA Treatment Plant
(River Mile 1.26) to Pacific Park Drive (River Mi&59). During this three-day effort, locations of
significant geomorphic features were mapped wihraey-grade GPS unit, pictures were taken, and
notes of observations were recorded. Geomorphicifes of interest include:

» Plugs/riffles — deposits of coarse gravel and aedltlypically spanning the width of the channel,
that provide local grade control. Due to the ditgtnf these coarser bed materials, the presefice o
the plugs is marked by the establishment of cattaitoss the width of the channel.

= Clay outcrops — erosion resistant clay layers (Rdye been exposed by the degradation of the
streambed. These outcrops of the clay layer wieserged in the bed of the channel, as well asdn th
banks. Due to the relative resistance to flusiabmn compared to non cohesive materials, the clay
outcrops can provide local grade control and aait tihe rate of lateral erosion/migration.

» Bedrock outcrops — similar to the clay outcropsirbek (e.g., sandstone, breccia) is relatively
erosion resistant, and provides local vertical lateral controls on channel morphology.

= Sand storage reaches — deposition of sand wasvebserthe bed of the channel, typically on the
downstream side of a plug, in the backwatered réarched by the next downstream plug. The depth
of storage was probed and was observed up to apmtety five feet. In some cases, the sand
wedge extended to the downstream plug; in othersgdise wedge terminated in the pool upstream of
the plug.

= Tributary confluences — locations where tributajés Aliso Creek are important because many
of the tributary watersheds drain steeper hillsides! these areas supply coarse sediment to Aliso
Creek.

= Bank protection — angular granitic riprap and sipdeig were observed as bank protection. The
materials were installed to protect infrastructiiie, access roads, pipelines, trails) by limitihg
potential for the channel to naturally adjust.

= Grade-control structures — engineered grade costinattures have been installed to limit
incision of the bed, and propagation of verticatabilities. These structures include concrete atl
bridge crossings, riprap blankets, and verticaccete walls.

The following table lists all of these observediiees, referenced to the channel stationing basete

2006 mapping data. The locations of road crossangprovided for reference. Figures 3-15 thraBgh
20 show the observed locations of the various featu
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Table 3-3. Spatial Distribution of Planform Features

River Mile* Feature
0.103| PCH Bridge
0.27 — 0.44] Concrete banks through Aliso Creek Inn
0.412| Aliso Creek Inn Bridge #1
0.446| Bedrock (San Onofre Breccia) outcrop
0.501| Aliso Creek Inn Bridge #2
0.524| Golf Course Bridge #1
0.719| Golf Course Bridge #2
0.802| Golf Course Bridge #3
0.969| Golf Course Bridge #4
1.262| SOCWA Bridge
1.27 - 1.35| Deep pool, LB riprap
1.449 — 1.543 Abandoned/high flow channel
1.464 — 1.510 RBriprap
1.543| Coarse cobble riffle
1.593| Vegetated cobbile riffle
1.593 - 1.625 Cobble bed material
1.625| Possible outcrop in bed
Coarse material in alluvial fill being
1.646 | excavated from toe of RB
1.661| Gulley confluence, LB
1.789| UJ/S end of vegetated gravel bar & plug
1.789| 3-ft headcut at end of LB high flow channel
1.85-1.96] S-Bend
1.955 -2.013 LB riprap
2.013| Cobble-boulder riffle w/ cattails
2.025| Possible outcrop in bed
2.035| Gulley confluence, LB
Plug - coarse at bottom and top, soft in
2.056 — 2.064 middle
2.064 —2.118 Deep pool with sand wedge
2.118| Coarse riffle and plug
2.118 - 2.160 Sand storage reach
2.160| Coarse boulder riffle and plug
2.176 — 2.220 RB riprap
2.204| 1.5-ft headcut
2.218| Coarse gravel plug with cattails
Clay induced tight bend, coarse gravel an
2.233| cobble being eroded out of alluvial fill
2.294 — 2.544 Abandoned Oxbow
2.312| Gulley confluence, LB
2.412| Cohesive clays in bed
2.44| Weathered sandstone outcrop in bed
2.509| Gravel-cobble plug
2.53| Cobble-boulder bed — local grade control
2.479| Gulley confluence, RB
2.484| Coarse bed pool
2.54| Gulley confluence, RB
2.611| Cohesive clays in bed
2.68| Gulley confluence, RB
2.75| Clay outcrop in bed
2.796| Gulley confluence, RB & coarse plug

o
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River Mile!

Feature

2.796 — 2.842

Pool with 3 — 4-ft sand storage ith be

2.842

Boulder armored riffle, RB riprap

2.842

Noted transition to larger woody vegetatio
(tree willows and cottonwoods) on valley
floor and both banks

2.842- 2.927

Sand storage reach

2.927

Gravel-cobble riffle, major debris jam, RB
riprap

2,927 — 2.955

RB erosion along tight bend, coarse
material in toe, local supply of coarse
gravels and cobbles

2.993

LB riprap

3.101

Coarse riffle and plug w/ cattails

3.101 - 3.314

Sand storage reach, alternate baménfp

3.257

Wood Canyon confluence

3.314 — 3.363

=

Coarse riffle plug w/ dense vegetation and a

number of smaller drops

3.363 — 3.465

Sand storage reach, alternate banénip

3.465

LB stable, vegetated w/ woody species to
TOB

3.465 — 3.474

Coarse gravel cobble plug, cattails

3.501 — 3.512

Cobble-boulder riffle

3.578 — 3.593

Plunge pool at base of ACWHEP, grouted
riprap banks

3.593 — 3.613

ACWHEP structure

3.677

Gulley confluence, RB

3.613 - 3.729

Reach backwatered by ACWHEP

3.75-3.779

Cobble riffle

3.779 — 3.825

Gravel-cobble pool

3.825 — 3.894

Sand filled pool

3.894

2-ft headcut, gravel cobble, root reinforce

3.966 — 4.079

Sand/gravel storage reach

4.15

Alternate Sand/gravel bars

4.236

Old riprap RB

4.334

Gulley confluence, LB

4.522

Riprap LB

4.625

Old riprap LB

4.834

Riprap in bed, plug

4.834 — 4.864

Sand storage reach, huge sand/dravel

4.867

Sulphur Creek confluence

4.867 — 4.931]

Clay outcrops in bed

4.95

Coarse gravel riffle

5.012

4-ft concrete sill

5.012

Engineered channel

5.02

AMWA Road Bridge

5.131

5-ft riprap grade control

5.199

10-ft concrete drop structure

5.271

Aliso Creek Road Bridge

5.467

10-ft concrete drop structure

5.794

Riprap RB

5.866 — 5.919

Coarse gravel riffle, plug, cattails

5.919 - 5.975

Sand storage reach

5.975 - 6.022

Sheet pile RB
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River Mile* Feature
6.022| Clay outcrop in bed
6.045| Boulder grade control structure
6.119 - 6.152 Clay outcrop in bed
6.168| Clay bench on left bank
6.181| Fatclayin bed
6.234 | 3-ft riprap grade control structure
6.271| 8-ft riprap drop at water line crossing
6.305 — 6.377 Dumped riprap bank protection
6.588| Pacific Park Drive Culverts
6.978| SR-73 Tollway
7.322| Tributary confluence, RB
7.616| Pedestrian bridge & grade control

T measured upstream from the confluence with théiP&@cean at RM=0.
LB=left bank TOB=top of ban

RB = right bank

46
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O  Clay and Bedrock Outcrops
|:] Aliso Watershed Boundary
1.625 River Mile
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@ Sand Storage Areas
|:] Aliso Watershed Boundary
1.625 River Mile
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FIGURE 3 - 17
Spatial Distribution of Sand
Storage Areas
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@ Confluences
[ ] Aliso Watershed Boundary
1.625 River Mile
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RB = right bank  LB=left bank  TOB=top of bank

it s £ 2 i S
ALISO CREEK F4 GEOMORPHIC ASSESSMENT
ORANGE COUNTY, CALIFORNIA

FIGURE 3 - 18
Spatial Distribution of
Confluences
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@ Bank Protection

|:] Aliso Watershed Boundary
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Spatial Distribution of
Bank Protection
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O  Grade Control Structures

|:] Aliso Watershed Boundary
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Spatial Distribution of Grade
Control Structures
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3.2.3 Geomorphic Reaches

As a component of the sedimentation analyses destm the H&H Appendix to the Aliso Creek
Mainstem Ecosystem Restoration Study (USACE 208&o Creek was divided into 13 reaches
between the Pacific Ocean and Pacific Park Drieegdifter referred to as the F3 Reaches). Thetolgec
of these subdivisions was to create reaches, edctsimilar hydraulic conditions within itself, to
adequately represent geomorphic conditions. Hydrand bed controls (e.g., bridges, drop strucure
culverts) and hydraulic parameters (e.g., top wadtth depth) were weighed heavily in the reach
delineations. During the walk along Aliso CreelQntober 2009, observations were made of
geomorphic features and the reasonableness oBBtRe&ch delineations was evaluated. Subsequent
adjustments to the F3 Reach delineations were raslletter represent geomorphic conditions. The
revised delineations closely follow the Reachestiged for the H&H appendix (USACE 2009). The
primary difference in the new reaches is the furthbdivision downstream of the ACWHEP structure.
Figure 3-21 illustrates the revised geomorphiceagTable 3-4 provides the downstream and upstream
extents of each reach. The following paragraphmsarize conditions within the geomorphic reaches.
The class of channel evolution for the November2€énditions is assigned based on the six-class
Incised Channel Evolution Model (ICEM) developedSshumm, et al (1984) and subsequently modified
by Harvey and Watson (1986).

Table 3-4. Geomorphic Reaches

Reach Number Downstream Statioh Upstream Station'
1 0.118 0.415
2 0.480 0.976
3 1.032 1.249

4A 1.274 1.789
4B 1.817 2.434
5A 2.456 2.736
5B 2.753 3.095
5C 3.110 3.314
6 3.335 3.580
7 3.677 4,199
8 4.266 4.854
9 4,916 4,984
10 5.051 5.664
11 5.728 6.234
12 6.291 6.532

Y measured in river miles upstream from the confbeemith the Pacific Ocean.
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Reach 1 Downstream of the Pacific Coast Highway, Aliso &€«dows through Aliso Beach. Due to the
influence of tides and waves, the channel is fratiydlocked by littoral drift (Figure 3-22). The
downstream limit of Reach 1 was therefore set¢oRhcific Coast Highway (PCH) Bridge (Figure 3-23).
The upstream extent was set to the exposed oubérdan Onofre Breccia between the Aliso Creek Inn
and the golf course (Figure 3-24). The total largftReach 1 is 1,570 feet. Aliso Creek flowsiin a
improved earthen channel upstream of the PCH (Eigt25), and through the Aliso Creek Inn property,
the side slopes are lined with concrete (Figur€B3-Z here is one bridge crossing associated \wigh t
Aliso Creek Inn. Bank heights range from approxiehalO to 15 feet. The bed was obscured by
backwater from the blocked channel outlet durirggne field investigations. The bottom width of the
channel ranges from 25 to 65 feet, with an aved@® feet. The slope of the channel when theeois!
blocked is 0.12 percent (no information is avaiatar conditions when the outlet is free-flowing).
Because the man-made and geologic controls ime¢hish limit the ability of the channel to self-astju

the ICEM does not apply.

Figure 3-22. Aliso Creek outlet blocked by littoraldrift at Aliso Beach
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Figure 3-23. Upstream-facing view of PCH crossingf@liso Creek

Figure 3-24. Exposed San Onofre Breccia outcrop b&ten Aliso Creek Inn and Aliso Creek Golf
Course
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Figure 3-25. Upstream-facing view of Aliso Creek ugtream of the PCH crossing

Figure 3-26. Downstream-facing view of Aliso Creekhrough the Aliso Creek Inn
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Reach 2 The Aliso Creek Golf Course is contained entisgithin Reach 2, from the exposed San
Onofre Breccia outcrop at the downstream end tariresition to the natural area at the upstream end
The 2,620 feet of channel through the golf coussaaintained: for example, riprap lines some of the
banks and the vegetation is trimmed in places (Ei§27). The overbank areas contain the managed
turf for the golf course. One bridge for the AliSceek Inn is located in this reach as are fouepgthn
bridges for the golf course. Few signs of instgbiere noted during the field investigations. ish
Reach 1, the bank heights in Reach 2 range froto 16 feet. Gravel bars were observed in the bed
through Reach 2. The bed slope is 0.35 perceotto® widths range from 10 to 50 feet, with an ager
of 25 feet. This reach is channelized and the $ané lined with riprap, and therefore the channel
morphology could be represented as the early stagekass Il in the ICEM; however, the riprap initsb
the ability of the channel to self-adjust, so t8&M is not applicable.

Figure 3-27. Aliso Creek through the Aliso Creek Gl Course

Reach 3 The 1,150 feet of channel through the natural betaeen the Aliso Creek Golf Course and the
South Orange County Water Authority (SOCWA) treattridant bridge makes up Reach 3. This reach
is located in a narrow portion of the canyon tlegtesates the Aliso and Wood Canyons Wilderness Park
from the Aliso Creek Golf Course. The channel tigtothis reach is not maintained like the chanmel i
Reach 2 (Figure 3-28). The overbanks are welltatgd, and an unpaved road follows the right
overbank and connects AMWA Road to the golf courBee SOCWA plant discharges treated effluent
through a 36-inch concrete pipe that extends umdengl through Reaches 1 and 2 to an outfall in the
ocean. A concrete sill at the SOCWA Bridge prosidtable grade control that defines the upper lifnit
Reach 3 (Figure 3-29). Bank heights in Reach 3adrly consistent, with a typical height of nineet.

This reach was not walked during the field investiions, so information regarding bank instabilitesl

bed material is not available. The average beoksi®0.46 percent. Bottom widths range from 28Qo
feet, with an average of 50 feet. This reach Glass VI of the ICEM.
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Figure 3-29. SOCWA bridge grade control and concret sill
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Reach 4A This 2,720-foot long reach extends from the SOChVidige to the gravel plug at the
downstream end of the S-bend. Older riprap baateption was observed along this reach to probect t
AMWA Road along the right overbank and sanitary esepipes in the left overbank. A few natural grade
controls were observed in this reach (e.g., cognraeel and cobble plugs/riffles and an outcrop of
bedrock). Sandy bed material was noted withinrégh, primarily in the pools upstream of the sear
gravel and cobble plugs (Figure 3-30). Bank haghtReach 4A range from 8 to 20 feet (Figure 3-31)
The average bed slope in Reach 4A is 0.30 perddrg.average bottom width is 22 feet, ranging
between 8 and 46 feet. This reach is in Class tetCEM where the channel is vertically stablé bu
some additional localized erosion and slumpingeaftgchnically unstable banks can be expected.

Figure 3-30. Example of pool located upstream of eose gravel plug in Reach 4A
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Figure 3-31. Left bank within Reach 4A

Reach 4B The 3,260 feet of Aliso Creek between the dowastrend of the S-bend (Figure 3-32) and
the weathered sandstone and clay outcrop neaptieeam end of the abandoned oxbow (Figure 3-33)
make up Reach 4B. Two notable geomorphic feainahsde the S-bend and the abandoned oxbow.
Due to the influence of historical landslides asdaziated deposition of clays, the degradatioh®f t
channel through this reach has exposed numerousecgeavel and cobble plugs as well as clay and
sandstone outcrops. The presence of these rdyagirasion resistant materials has allowed for the
persistence of the S-bend and the currently abasttloxbow. While sandy bed deposits were observed
in this reach, coarser gravels and cobbles alotiyalay outcrops control the bed profile. Bankgés

in Reach 4B are around 15 feet up to the downsteyaihof the abandoned oxbow, where a noticeable
increase to approximately 20 feet occurs. Banlen®s are composed of valley fill, and ample sigpl
of gravels and cobble were observed in the fillariat (Figure 3-34). The average bed slope in Reac
4B is 0.35 percent. The average bottom width ife&¥, ranging between 5 and 40 feet. This resumh i
Class V of the ICEM where the bed is verticallybitabut some additional localized erosion and
slumping of geotechnically unstable banks can Ipeebed.
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Figure 3-33. Exposed sandstone near the upstreamceaf the abandoned oxbow
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Figure 3-34. Cobbles excavated from the valley filue to bank erosion

Reach 5A Approximately 1,480 feet upstream of the weathegattistone at the upper extent of Reach
4B, a major clay outcrop was observed in the bedd@aner banks of Aliso Creek (Figure 3-35). This
clay outcrop marks the upstream end of the newiyielated Reach 5A. Since the clay was also obderve
in the lower few feet of the banks, it indicateattimcision into the clay is ongoing. While thayis

more erosion resistant than non-cohesive mateitiasstill susceptible to erosive forces. Thalkba
heights in this reach are typically between 20 2fhdeet. A buried soil overlain by 3 to 4 feetpoist-
settlement alluvium was observed in the right b@nigure 3-36). As with Reach 4B, the bank material
were composed of valley fill. The bed materiabtigh this reach was dominated by coarse gravels and
cobbles, although just downstream from the clagropt at the upper end of the reach, a wedge of sand
had filled in part of the coarse bedded pool (Feg8i37). The average bed slope in Reach 4B is 0.30
percent. The bottom width ranges from 11 to 45, fei#h an average of 34 feet. This reach is iasSl

IV approaching Class V of the ICEM where there ddug some further degradation into the clay-rich
material in the bed and there is likely to be omgahannel widening.
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Figure 3-35. Major clay outcrop marking the upstrean extent of Reach 5A

0 il e

Figure 3-36. Typical right bank profile, note the pesence of the darker colored buried soil.
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Figure 3-37. Sand wedge migrating into a pool at thupper end of Reach 5A

Reach 5B This reach extends for approximately 1,810 festrgam from the clay outcrop at the upper
end of Reach 5A. This reach is incised, and dtier a moderate bend in the middle of the read$, it
fairly straight and densely vegetated (Figure 3-3ijprap has been placed on the banks in places to
protect AMWA Road and the buried infrastructureecfically along the previously noted bend. A karg
debris jam was observed in the bend, and the jasrfevened primarily of small woody debris, arundo,
and trash. A few coarse gravel, cobble, and boydllgys/riffles were encountered; the most upstream
plug marks the upper extent of Reach 5B. Thissig approximately the location where the bedrock
mapped in boring DYB-7 is at the elevation of tlkesting thalweg (DYA 2009). The bedrock is a
geologic grade control that provides a stable ttamsfrom Reach 5B to Reach 5C. The bank heights
this reach are typically 20 to 25 feet. As withaBle 4B, the bank materials were composed of viéilley
Figure 3-39 shows the downstream extent of thehraaseen from the top of the right bank. The bed
material in this reach was dominated by sands imedgfavels, with the grade of the reach being
maintained by the regularly-spaced plugs/rifflelse Bverage bed slope in Reach 4B is 0.46 perdédm.
bottom width ranges from 8 to 60 feet, with an agerof 23 feet. This reach is in Class V to Vitadf
ICEM where the bed is vertically stable, the chamvidth has reached a new dynamic equilibrium, but
some further localized slumping and failures oftgebnically unstable banks, particularly where the
active channel impinges on the toe of the terreae be expected.
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Figure 3-39. Downstream extent of Reach 5B as sefeam the right top of bank
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Reach 5C The most notable feature of reach 5C is the amo®laf sand stored in the bed of the
channel. Alternate bars were observed throughmutdach (Figure 3-40), and probes were inserted in
the sand to a depth of approximately five feetisTaach is approximately 1,080 feet long. Thas®a
plug at the downstream end overlies bedrock mapp#tk elevation of the thalweg. These features
control the grade of the reach, causing the obdeseposition of sand. It is notable that the assriice
with Wood Canyon Creek occurs in this reach. TNerage bed slope is 0.04 percent — the flattestinvit
the study reach. The bank heights in this reaehygically 25 feet. As with Reach 4B, the bank
materials are composed of valley fill. Despite @k heights, the bank angles were less steep than
downstream reaches, and more mature woody vegetatie established across the full floodplain
(Figure 3-41). The bed material in this reach d@asinated by sands and fine gravels (Figure 3-A29.
bottom width ranges from 17 to 37 feet, with anrage of 27 feet. This reach is in Class VI of (BEM
where the bed is vertically stable and furtheresysttic channel widening is not expected. However,
where the active channel impinges directly on tieedf the terrace, localized bank erosion can be
expected to continue.

Figure 3-40. Alternate sand bars observed in ReadsC
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Figure 3-42. Ripples on the sand stored in the baaf Reach 5C
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Reach 6 This reach includes 1,300 feet between the upstezal of the sand storage area in Reach 5C
and the toe of the ACWHEP structure. The ACWHERCcstre is approximately 25 feet high and made
of grouted riprap (Figure 3-43); originally it wasnstructed as a small diversion structure to tilew

for irrigation of floodplain vegetation. Multipleobble-boulder riffles were seen in this reach, @ocp,
likely displaced from the ACWHEP structure, wasetved at various locations in the bed (Figure 3-44)
The average bed slope of 0.55 percent is the higleeastream of the ACWHEP structure. The bank
heights in this reach are between 25 and 30 féalley fill is the primary component of the bank
materials. In places the banks were nearly vertigure 3-45), and some riprap was observed en th
left bank to protect the sewer pipelines. The graicthe bed was checked by coarse riffles, soitgete
presence of sands and fine gravels in the bedldipe of the channel is controlled by the cobbtes a
boulders. The bottom width ranges from 16 to 26, fegh an average of 23 feet. It is notable that
scoured area downstream of the structure is appedgly 175 feet wide. This reach is in Class Vthef
ICEM where the bed elevation is controlled by cearmterials introduced to the channel at the
ACHWEP diversion structure. The banks are genevalfjetated and appear to have stabilized except in
the immediate vicinity of the drop structure, who®d flows are directed at the geotechnicallytahie
banks.

7

Figure 3-43. Upstream view of the ACWHEP structureat the upstream end of Reach 6
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Figure 3-45. Eroded right bank below the ACWHEP stucture
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Reach 7 The ACWHEP structure provides substantial inflleeon the morphology of Aliso Creek, both
downstream and upstream of the structure. Reasttends from the sill of the structure to a poimsd
feet upstream that marks an increase in bank hefgince the sill of the structure was initially
constructed a few feet above the bed to divert flmwrrigation, Reach 7 has served as a sedimiekt s
storing bed material transported from the upstreatershed (Figure 3-46). Figure 3-47 shows the
configuration of the sill looking toward the lefahk. Consequently, bank heights in Reach 7 are
relatively low (around four feet at the downstreama, up to 10 feet at the upstream end, with aitian
to 15 feet at the upper extent of the reach) aaidion is not as pronounced as in other partseptioject
reach. Bank materials are composed of alluviallsamd gravels at the downstream end of the reach,
transitioning to valley fill where the channel i®ra incised at the upstream end. The bed matsrial
primarily depositional sands and fine gravels &nse Figure 3-48, although coarse gravel and @bbl
plugs and cobble riffles were observed (Figure B-4khe average bed slope through Reach 7 is 0.25
percent. It is noteworthy that Reach 7 exhibit®iesinuosity — the value of 1.2 is relatively high
compared to other reaches in the study area. @ttenb width ranges from 12 to 37 feet, with an ager
of 20 feet. This reach is in Class VI of the ICEMere the channel is both vertically and lateratble.

Figure 3-46. Upstream view of Reach 7 from the ACWHP structure sill
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=

Figure 3-48. Low, vegetated banks typical of Reach
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Figure 3-49. Cobble riffle observed in Reach 7

Reach 8 The confluence of Sulphur Creek marks the upstredent of Reach 8. This 3,110-foot long
reach is similar to Reach 7, except that the bangtits are noticeably greater. At the downstreacha#
the reach, the bank height is approximately 15 (feigure 3-50), increasing to over 30 feet at the
upstream end (Figure 3-51). The bank materialeamgosed of valley fill, and in the immediate
vicinity of Sulphur Creek, the bank materials reflthe incision through the historical alluvial fanthe
mouth of the creek. A thick clay layer was notedhe toe of the banks near the Sulphur Creek
confluence (Figure 3-52). A large sand and grheelexists at, and downstream of, the confluendbeof
two creeks. The bed morphology of Reach 8 refiletgegular series of coarse gravel and cobbligsplu
between long sand storage reaches. The bed nhateitiehes between gravels and cobbles in the plugs
and sands and fine gravels in the intervening poble average bed slope through Reach 8 is 0.27
percent, nearly matching the average slope of RéadReach 8 exhibits some sinuosity — the valuk ®f
is the greatest in the studied reaches. The bottioith ranges from 10 to 28 feet, with an averaigeo
feet. This reach is in Class V of the ICEM whéere thannel is vertically stable but further channel
widening can be expected as a result of both sygtermnd local factors.
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Figure 3-51. Typical 30-foot bank due to incisionrito the historical Sulphur Creek alluvial fan
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Tulyf

Figure 3-52. Clay layer observed in the toe of theank near the Sulphur Creek confluence

Reach 9 The 360-foot length of Reach 9 is the shorteshefgeomorphic reaches because it represents
the transition from the confluence with Sulphur &kéo the downstream end of the engineered channel
that terminates at the AMWA Road bridge crossirigyfe 3-53). Due to the location of Sulphur Creek,
flows in Reach 9 differ appreciably from flows ir&ch 8, and the morphology of the channel is very
different from the engineered shape typical of ReE& The average bed slope in Reach 9 is 1.@pgrc
and the bottom widths range from 8 to 18 feetafvaverage of 12 feet. Despite the similar bangthe
(i.e., 25 to 30 feet) and bank material compareddach 8, the greater slope and narrower bottorthwid
of Reach 9 produce a coarser bed comprised pryv@rgravels and cobbles (Figure 3-54). This reach
in Class V of the ICEM where the bed is verticaltgble but further channel widening can be expected
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Figure 3-54. Gravel bed material in Reach 9
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Reach 10 Aliso Creek through Reach 10 was realigned in i868&ccommodate the construction of the
Chet Holifield Federal Building. Reach 10 is 3,26t long, spanning the engineered channel fram th
AMWA Road Bridge to the start of the riprap banksoss from the Laguna Niguel Skateboard and
Soccer Park. This reach includes two 10-foot lsigicrete drop structures (Figure 3-55) that were
installed in 1969 to control incision associatethvwihe straightening of the channel. The bottotthvis
typically 40 feet, although it ranges between 28 @@ feet. The side slopes along most of the rbagk
been laid back at a 2:1 slope and protected wittapi (Figure 3-56). Bank heights range betweearntD
15 feet. The average bed slope in Reach 10 igekd@nt, although this is misleading due to the
controlled drops across the two concrete structufé® average slope of the bed between drop stesct
is 0.31 percent. The bed materials are primaghds and fine gravels. The engineered naturaf th
reach of the channel precludes meaningful assightoame of the classes of the ICEM.

I

o

Figure 3-55. Concrete drop structure in Reach 10 (op is 10 feet)
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Figure 3-56. Engineered channel and riprap-protects banks typical of Reach 10

Reach 11 -This reach of Aliso Creek covers a distance 67@ feet between the upstream end of the
engineered channel (Reach 10) and a grouted rgreafe-control structure where the Joint Regional
Water Supply System pipelines cross the creek (Eigeb7). Reach 11 is east of the Aliso NigueltHig
School, and a bike path runs along the top of &t lsank. Riprap was observed at various placegal
the bank (Figure 3-58), an in a more extreme aastgel sheet pile wall was supporting the bank tiea
high school football stadium (Figure 3-59). Bankgiés along the reach range from 10 to 20 feet.
Outcrops of clay were observed in the bed andéndbk of the banks through this reach (Figure 3-80)
few knickpoints were observed with heights of oménto feet where the channel was incising throungh t
clay layers in the bed of the channel. Coarsedajalugs were also spaced along the reach, ang sand
deposition was observed in the pools between (fligsire 3-61). The average bed slope is 0.38 perce
Reach 11 exhibits sinuosity of 1.2, making it oh&he more sinuous reaches in the study area. This
reach is in Class IV of the ICEM where further ieat incision and associated channel widening @n b
expected.
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Figure 3-57. Grouted riprap grade control at crossing of water supply pipelines

Figure 3-58. Riprap protecting the bike path at thetop of the right bank
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Figure 3-59. Upstream view of sheet pile wall alontipe right bank

Figure 3-60. Clay outcrop in the bed and bank toeniReach 11
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Figure 3-61. Downstream view of sand-bottom pool ahcattail covered gravel plug

Reach 12 The most upstream reach in the study area exfendsdistance of 1,270 feet from the water
supply pipeline crossing to the three 8-foot by8tfconcrete box culverts under Pacific Park Drive
(Figure 3-62). As with Reach 11, a bike path ralomg the top of the right bank, and riprap hasibee
placed at selected locations along the bank teprdihe path; although, in places without riprap,
scalloping was observed (Figure 3-63). Approxilya2&0 feet of the channel immediately below the
culvert outlets have been engineered and the Bem@dswith riprap. Bank heights in this reach ace
greater than 10 feet, and the bank materials ampased of valley fill. More coarse gravel plugseve
observed in this reach, and a channel spanninglgbav was observed at the transition from the
engineered channel below the culvert outlets to#itaral channel (Figure 3-64). Sands and fineeisa
were observed in the bed between the coarser ¢tonifbe average bed slope in Reach 12 is 0.51
percent. Bottom widths range between 27 and 35 fBis reach is in Class VI of the ICEM wheretbot
the bed and banks are stable.
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Figure 3-63. Riprap bank protection and bank scallping between riprap protection
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Figure 3-64. Gravel bar below Pacific Park Drive civerts
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4.0 HYDRAULICS

The hydraulic model developed for the revised H&ppAndix (USACE 2009) was calibrated to quantify
hydraulic conditions in the study reach for flodalAfs ranging from the 1.1-year to the 100-year
recurrence interval flood. The hydraulic model wlaseloped using the U.S. Army Corps of Engineers
one-dimensional HEC-RAS step-backwater softwaresida 4.0.0 (USACE 2008).

4.1 HYDRAULIC MODEL REFINEMENT

The development of the hydraulic model is describatie H&H Appendix (USACE 2000), and the
revisions that account for the new topographic eyidata are described in the 2009 H&H Appendix. A
few significant changes were made to the HEC-RA8ehdeveloped for the F3 milestone to improve
the representation of hydraulic conditions. Thstfthange was the use of the actual bank-to-bards ¢
section survey data collected by Orange County06detween the SOCWA Bridge and the ACWHEP
structure. The previous version of the model ugsametry derived from a digital terrain model (DTM)
created from the survey data. To minimize lossesblution due to data transformation, the actualey
data were used instead. The primary differencerttaide to the model is an increase in the number of
cross section between the SOCWA Bridge and the AE®/Bitructure from 34 to 108. The second
change updates the geometry of the sill and abugagthe SOCWA Bridge. When the USACE
rehabilitated the bridge between October 2008 ahd2D09, the geometry of the rehabilitated bridge
was not reflected in the previous version of theleloThe elevation of the concrete sill that rucssas

the channel under the bridge is higher than theaéten of the previous sill. Since this sill aetsa grade
control, it was important to update the geomeffie final changes were the insertion of additiamaks
sections on the upstream and downstream side afriagp structures (e.g., the 10-foot concrete slrop
and the ACWHEP structure). These sections weredatiimprove the representation of hydraulic
conditions near the structures and to improve gpeasentation of the structures when plotted in the
longitudinal profiles.

4.2 HYDRAULIC MODEL CALIBRATION

The model developed for the F3 milestone was Hdirased to any specific flows in Aliso Creek
because no calibration datasets were availablein@the October 2009 reconnaissance, the locatich
elevation of observed high-water marks were reabwi¢h a survey-grade GPS unit. The elevation of
these marks was generally 7 to 12 feet above th@bthe channel, so it was assumed that they were
associated with the January 2005 flood (peak floR,470 recorded at the Jeronimo gage, approximatel
a 25-year flood). The greatest subsequent flomeasured in 2008 with a peak flow of 1,580 cfs
(corresponding to a 5- to 10-year flood), so themnough difference between these floods that the
surveyed high-water marks are likely to correlatéhe January 2005 flood. The peak flows throughou
the study area corresponding to the January 2086 @fe2,470 cfs at the Jeronimo gage were calalilate
by interpolating the HEC-1 results provided in TaBt4. The objective of the calibration was tochat
the modeled water-surface elevations from the HEG Riodel to within 1-foot of the surveyed
elevations. While a narrower range is preferried,uncertainty associated with the magnitude of the
peak flow during the January 2005 flood throughghely area suggests that the higher range ofaptl -f
is appropriate. The HEC-RAS software represengsggriosses that result from resistance along the
channel bed and banks with a roughness coeffieidhdnning’s n-value. The n-values were adjusted,
along with the horizontal distribution of n-valués,increase or decrease the modeled water-surface
elevations to approximate the surveyed elevati@isce the majority of Aliso Creek in the studyaare
incised, the channel n-values were far more infiakthan any overbank values. Calibrated channel
values ranged from 0.033 to 0.054. Table 4-1tifauss the range of n-values used in the F3 hyidraul
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model (USACE 2009) and the calibrated values agptiehe hydraulic model for this geomorphic
assessment. As shown in this table, channel resaliere decreased to lower the calculated water
surface elevations to better match the elevatidtiseosurveyed high water marks. Based on conwitio
observed during the October 2009 reconnaissanealues at specific cross sections where high water
marks were surveyed were not adjusted differehtiy tvalues at adjacent sections for the sole parpbs
improving calibration if field observations didnitarrant this adjustment. Details regarding other
boundary conditions and model parameters are &laila the H&H Appendix (USACE 2009).

Table 4-1. Initial (F3 Model) and Calibrated Rangef Manning’s n-values

Initial (F3) Model Calibrated Model
# #
Reach Sections LOB Chan. ROB Sections LOB Chan. ROB
1 7 0.013 - 0.013 - 0.013 - 7 0.030 - 0.030 - 0.040 -
0.100 0.033 0.122 0.072 0.033 0.072
0.035 - 0.040 - 0.040 -
2 17 0.035 0.051 0.072 17 0.072 0.035 0.072
3 5 0.072 0.054 0.072 5 0.072 0.035 0.072
4A 10 0.072 0.054 0.072 26 0.072 0.035 0.072
4B 8 0.072 0.054 0.072 31 0.072 0.035 0.072
5A 4 0.072 0.054 0.072 12 0.072 0.035 0.072
5B 6 0.072 0.054 0.072 19 0.072 0.035 0.072
5C 3 0.072 0.054 0.072 12 0.072 0.034 0.07p
6 5 0.072 0.054 0.072 14 0.072 0.035 0.072
7 8 0.072 0.054 0.072 12 0.072 0.035 0.072
8 10 0.072 0.054 0.072 10 0.072 0.034 0.07p
9 3 0.072 0.054 0.072 2 0.072 0.035 0.072
0.013 - 0.013 - 0.013 - 0.015 -
10 13 0.070 0.051 0.072 17 0.015 0.033 0.072
11 9 0.040 — 0.033 - 0.040 - 9 0.040 - 0.033 - 0.040 -
0.072 0.051 0.072 0.072 0.051 0.072
12 5 0.040 — 0.033 - 0.040 - 5 0.040 - 0.033 - 0.040 -
0.072 0.051 0.072 0.072 0.051 0.072
Note:

LOB = left overbank; Chan. = channel; ROB =gfit overbank

During the calibration process, it became cleat tti@ elevation of some of the high-water marks toas
low to be associated with the January 2005 floblde elevation of these marks was calculated todde w
below critical depth for the estimated January 2p€&k flow, and there was no basis for believiogfl
at these locations was supercritical during thedloTherefore, these high-water marks were not
considered further in the calibration process.ef additional water-surface elevations were measure
during the floods of late January 2010, and theset® provided a second dataset for calibratiosing
the channel roughness values described above lvétbstimates of the peak flows, the modeled water-
surface elevations for both calibration eventsoeatie well with the surveyed elevations of the higlter

)
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marks. Review of the modeled water-surface elematindicates that they were not consistently lbiase
high or low relative to the to surveyed high-waterk elevations. Comparisons of the surveyed high-
water mark elevations with the modeled water-s@rfarofiles are provided in Figures 4-1 and 4-2.
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Figure 4-1. Comparison of surveyed high water mark$o modeled Jan. 2005 water surface profile
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4.3 REACH-AVERAGED HYDRAULICS

The average hydraulic parameters for each of thgebSnorphic reaches in Aliso Creek were computed
using the results of the calibrated HEC-RAS moael are listed in Table 4-1. The average of a given
parameter is computed as a length-weighted averfahe values at each cross section within a reach.

The bed slope (B. Slope) is the average slope sithesreach calculated using the thalweg elevatibns
the upstream and downstream limits of the reachtfamdeach length. The energy slope (E. Slopteis
slope of the energy-grade line calculated acrassdach using the reach length and the energy-djirede
elevations at the extents of the reach. The cHamhacity, top width, and hydraulic depth were
calculated for the channel portion of the crossises, defined by the bank stations set in the HEAS
model, and averaged by weighting the representhingth of each section to the total reach length.

Table 4-1. Reach-averaged Hydraulic Parameters

Reach Downstream Feature Rlyer Parameter @ 2-year | 5-year| 10-year| 50-yeaf 100-year
Upstream Feature | Mile
B. Slope (ft/ft) 0.0012
1 PCH Bridge 0.118 E. Slope (ft/ft)| 0.0018| 0.0018 0.0018 0.0031 0.0082
Breccia outcrop 0.415 Chnl.Vel. (ft/s 5.24 6.41 6.93 7.3( 7.58
Top Width (ft) 71.30 79.22 84.53 92.89 93.38
Hyd. Depth (ft) 4.80 6.77 8.05 11.29 12.5p
B. Slope (ft/ft) 0.0035
2 Breccia outcrop 0.480 E. Slope (ft/fty 0.0042 0.0042 0.0042 0.0044 0.0088
Upstream end of 0.976) Chnl.Vel. (ft/s 7.07 8.24 8.77 8.12 8.00
golf course Top Width (ft) 62.19 72.21 75.91 78.88 79.62
Hyd. Depth (ft) 4.04 5.59 6.54 8.75 9.65
B. Slope (ft/ft) 0.0046
3 Upstream end of 1.032 E. Slope (ft/ft) 0.0020 0.0019 0.002 0.0015 0.0018
golf course Chnl.Vel. (ft/s) 4.70 5.70 6.39 6.54 7.41
SOCWA bridge 1.249 Top Width (ft) 87.42 96.62 100.47 103.26 103.30
Hyd. Depth (ft) 4.27 6.14 7.29 10.4 10.68
B. Slope (ft/ft) 0.0030
4A SOCWA Bridge 1.274 E. Slope (ft/ff)| 0.0033| 0.0032 0.0031 0.0023 0.0024
Gravel Plug downstream 1.789 Chnl.Vel. (ft/s)  5.18 6.34 6.98 7.15 7.67
of S-bend Top Width (ft) 89.07 100.97 106.72 120.06 121.69
Hyd. Depth (ft) 3.94 5.41 6.43 9.16 9.76
B. Slope (ft/ft) 0.0035
4B Gravel plug downstream 1.817 E. Slope (ft/ff) 0.0030 0.0029 0.0028 0.0027 0.00R7
of S-bend 2.434 Chnl.Vel. (ft/s 4.88 5.97 6.57 7.5 7.81
Top Width (ft) 101.72 115.46 120.95 134.08 138.10
Hyd. Depth (ft) 3.72 5.05 6.02 7.8( 8.48
B. Slope (ft/ft) 0.0004
5A Sandstone outcrop 2.45 E. Slope (ft/ff) 0.0035 0.0039 0.0041 0.0044 0.0045
Clay outcrop 2.736 Chnl.Vel. (ft/s) 4.25 5.39 6.18 7.5( 7.88
Top Width (ft) 164.53| 218.09 227.7 241.31 244.07
Hyd. Depth (ft) 3.20 3.86 4.41 5.71 6.37
B. Slope (ft/ft) 0.0046
5B Clay outcrop 2.753 E. Slope (ft/ft)] 0.0037 0.0035 0.003% 0.0033 0.0083
Plug/bedrock control 3.095] Chnl.Vel. (ft/s 5.48 6.49 7.10 8.04 8.34
downstream Wood Top Width (ft)  86.29 | 101.45 109.94 126.24 131.53
Canyon confluence Hyd. Depth (ff)  3.63 4.84 5.57, 7.14 7.88
89 June 2010
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Reach | DoWnstream Feature| RIVer | o, oter® 2-year | 5-year| 10-year 50-yeaf 100-yeadr
Upstream Feature | Mile
B. Slope (ft/ft) 0.00041
5C Plug/bedrock control 3.11(Q E. Slope (ft/ft) 0.0024 0.0030 0.0033 0.003 0.0040
Upstream end sand storage 3.314 Chnl.Vel. (ftfs) 5.16 6.67 7.56 9.11 9.68
reach above Wood Top Width (ft 71.98 80.41 85.19 93.24 96.97
Canyon Hyd. Depth (ft) 451 5.75 6.53 8.09 8.72
B. Slope (ft/ft) 0.0055
6 Upstream end sand storage 3.335 E. Slope (ft{ft) 0.0046 0.0051] 0.0057 0.007 0.00y5
ACWHEP structure toe 3.58( Chnl.Vel. (ft/s] 6.30 6.93 7.30 7.97 8.3l
Top Width (ft) 69.76 90.43 98.14 109.54 113.40
Hyd. Depth (ft) 4.10 5.25 6.05 7.84 8.59
B. Slope (ft/ft) 0.0025
7 ACWHEP structure sill 3.677 E. Slope (ft/fty 0.0031 0.0034 0.003% 0.003 0.0087
Transition to 15-ft banks 4.199 Chnl.Vel. (ft/s] 5.80 6.87 7.46 8.13 8.14
Top Width (ft) 67.70 78.44 82.60 88.9 90.56
Hyd. Depth (ft) 4.28 5.43 6.13 7.44 8.04
B. Slope (ft/ft) 0.0027
8 Transition to 15-ft banks 4.266 E. Slope (ft/ft) 0.0028 0.0028 0.0028 0.007 0.0028
Sulphur Creek confluence 4.854 Chnl.Vel. (ft/3) 5.53 6.16 6.53 7.24 7.76
Top Width (ft) 73.60 86.38 93.22 104.2 107.93
Hyd. Depth (ft) 4.34 5.79 6.75 8.51 9.11
B. Slope (ft/ft) 0.010
9 Sulphur Creek confluence 4916 E. Slope (ft/f) 0.0073 0.0036 0.0019 0.001 0.00083
AMWA Road bridge 4.984 Chnl.Vel. (ft/s) 6.34 7.03 5.75 4.89 4.69
Top Width (ft) 80.67 90.68 99.67 114.3 119.81
Hyd. Depth (ft) 3.65 4.63 5.69 7.64 8.58
B. Slope (ft/ft) 0.010
10 AMWA Road bridge 5.051 E. Slope (ft/ft)) 0.0098 0.0096 0.009% 0.009 0.0093
Upstream end engineered 5.664 Chnl.Vel. (ftls) 7.67 8.46 8.85 9.5¢ 9.88
reach Top Width (ft) 71.83 74.95 76.50 79.4 80.46
Hyd. Depth (ft) 3.64 455 5.05 6.04 6.48
B. Slope (ft/ft) 0.0038
11 Upstream end engineered 5.728 E. Slope (ft/ft) 0.0044 0.0044 0.0044 0.004 0.0045
reach 6.234|  Chnl.Vel. (ft/s) 4.95 5.68 6.05 6.82 7.0y
Water pipeline crossing Top Width (ft) 94.72 103.59 105.91 108.4 109.65
Hyd. Depth (ft) 3.81 4.73 5.24 6.34 6.79
B. Slope (ft/ft) 0.0051
12 Water pipeline crossing 6.291 E. Slope (ft/ff) 0.0055 0.0060] 0.0062 0.006 0.0069
Pacific Park Drive 6.532 Chnl.Vel. (ft/s) 6.04 6.79 7.21 8.08 8.4P
Top Width (ft) 90.32 97.76 100.29 104.6} 106.19
Hyd. Depth (ft) 3.33 4.03 4.41 5.14 5.49
@ B. Slope = bed slope (Elevatigey ,s— Elevatiorsep ¢/d / (reach length)
E. Slope = slope of energy grade line (Elevats, ,s— Elevationeg, 9 / (reach length)
Chnl. Vel. = length-weighted average chanmdbeity (defined by bank stations in HEC-RAS model)
Top Width = length-weighted average top widththe active channel
Hyd. Depth = length-weighted average hydragéipth within the active channel
90 June 2010
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As indicated in Table 4-1, calculated hydraulicgmaeters at a few cross sections were excludedtfiem
length-weighted averaging in some reaches. Thess sections were excluded due to localized
hydraulic effects that would inappropriately skéwe iverage values. For example, the cross sections
immediately upstream the ACWHEP structure were rggddrom the averaging because of the localized
decrease in water surface over the sill and thecéged increases in velocity.

To provide further detail regarding the calculatgdraulics, selected indicators for different flowsre
plotted along the longitudinal profile of Aliso &le The selected parameters include the wateacsrf
profile (Figures 4-3 and 4-4), top width of theiaetchannel (Figures 4-5 and 4-6), hydraulic depth
(Figures 4-7 and 4-8), channel velocity (Figures&ad 4-10), and total channel shear stress (FSglire
11 and 4-12). These indicators were plotted ferah 5-, 10-, 25-, 50-, and 100-year recurrentaal
floods.
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Figure 4-8. Calculated hydraulic depth for the 5-yr 25-yr, and 100-yr floods
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Figure 4-9. Calculated channel velocity for the 24y 10-yr, and 50-yr floods
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Figure 4-10. Calculated channel velocity for the %+, 25-yr, and 100-yr floods
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5.0 SEDIMENT SUPPLY AND TRANSPORT

One of the key characteristics of geomorphicalbkt channels is a dynamic balance between the
sediment supplied to the reach and the sedimemgpoat capacity of the reach. In the Aliso Creek
watershed, multiple approaches were pursued tmatithe annual supply of sediment, particularly be
material, from the watershed. Bed material andk aaterial samples that have been historically and
recently collected were compared, conditions oijpienit motion were calculated, the effective diggea
was determined, and the transport of bed matémialigh the geomorphic reaches was analyzed. Hach o
these processes was investigated to provide afoasiaderstanding historical instabilities in ttieannel
morphology, existing morphologic conditions, and grobable future channel morphology.

5.1 SEDIMENT SUPPLY

The supply of sediment delivered from the Aliso&krgvatershed to Aliso Beach can be categorized into
two sources: 1) the upland supply generated by@rad surface soils, and 2) the channel supply
generated by incision and widening of the chan&eldiment generated from both sources is transporte
through Aliso Creek as either wash load or bed natead. Wash load represents size fractionsaha
not found in appreciable quantities in the surfaicéhe bed (i.e., silts and clays). Wash loadrisarily
transported in suspension, is limited by the atdélgupply, and is of little interest in channel
morphology because it is essentially washed thrdlglthannel. On the other hand, bed materialimad
made up of sands, gravels, and cobbles that catestite size fractions in the bed surface. Thiese s
fractions are transported as bed load and suspdoaedhrough erosion from and deposition on tha be
surface. The transport capacity of the creek aesgd to the available supply in the bed limits the
transport of bed material size fractions. The $uppd transport of bed material is of greaternegein

this study for two reasons: 1) the interaction witla channel boundary affects channel morphology, a
2) the transport of sand size fractions repreghetsupply of sand to Aliso Beach. The following
sections describe the methods used to calculate@ngare sediment supplies and bed material transpo
within and from the study area.

5.1.1 Upland Sediment Supply

The revised H&H Appendix (USACE 2009) includes addtions of upland sediment supplies from the
Aliso Creek watershed using two methodologiesMioelified Universal Soil Loss Equation (MUSLE)
(Williams and Berndt 1972), and the Los AngelegiiisMethod for Prediction of Debris Yield (LAD
Debris Method) (USACE 2000b). Both of these apphes provide a means for calculating sediment
yield from individual storm events. In responsetonments received on the revised H&H Appendix
related to the calculation of upland sediment yighe results were updated for this geomorphic
assessment. The updated results were comparduetopoeviously reported values (CDM 1982; USACE
1996; USACE 1997b) and to calculations made witteiotnethods (PSIAC 1968). Each method
produces an estimate of total sediment yield, ohiolg both the wash load and bed material load. To
partition the total yield to reflect only the bedtarial size fractions, the total yield was mulgglby the
fraction of sizes coarser than 0.075 mm (i.e.jimethon a No. 200 sieve) in the surface soil lapétbe
contributing drainage areas. This fraction walswdated as an area-weighted average for theypab
as classified by the NRCS in the soil survey off@eand Western Part of Riverside Counties (2008).
For the entire Aliso Creek watershed, the areafejaverage fraction of the surface soils codlsar
0.075 mm is 0.483. The results are summarizedbiels-1, and details regarding the results of each
method follow the table.
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Table 5-1. Annual Bed Material Yield from Upland Saurces

Annual Bed Annual Bed Material Yield
Annual Total Material Yield Low Value High Value
Source Yield (tons) (tons)* (tons) (tons) Comments
Based on
ultimate
buildout and
unit weight of
CDM (1982) 47,000 22,700 7,600 68,1003 Ib/ft
Basis for
separating
coarse fraction
USACE (1996) 18,60( not specified
Uses unit weight
of 0.7 CY/ton,
range reflects
200 % error
instead of 100 %
USACE (1997b) 17,100 2,070 55,800ange published
Only appropriate
for sizes from
MUSLE 88,400 42,700 980 153,00@.075to 1 mm
LAD Debris AT Factor =
Method 112,000 53,900 2,600 185,000.52
Score of 58 =
PSIAC 16,900 33,900 Classification 3
T Estimated using the area-weighted fraction of setit sizes greater than 0.075 mm in the surfade sbihe contributing
watershed (0.483 for the entire Aliso Creek watedh

5.1.1.1 Previously Published Calculations of Sedim¥ield

Numerous reports include estimates of the sediyieltt from the Aliso Creek watershed; however, in
nearly all cases the estimates are not indeperdémntlations but rather reference values calculated
one of three reports. CDM prepared the earligsintditled Sediment discharge and mechanics of Aliso
Creekin 1982 and this report includes estimates of ahtatal sediment yield for difference development
scenarios (i.e., prior to development, existingdittons, during construction, and ultimate develepit).
The yield was calculated by multiplying areal redes acreages of different land cover classes, tiveh
amount of land in each class changing under tlerdiit development scenarios. The areal rates were
based on data collected from coastal watershestsutiern California. The areal rates were conderte
from the source data using a unit weight of sedir&d65 pounds per cubic foot — the submerged unit
weight of sediment. While this is appropriate ttoe data based on reservoir sedimentation ratiss, it
inappropriate for converting between bulk volumed weights. A more appropriate value for sar@Bis
pound per cubic foot. The total yield in Table 8#ds calculated using areal rates based on 93 pound
per cubic foot and using the land cover distributissociated with the ultimate buildout conditioiitie
bed material yield was calculated for this geomarplssessment by multiplying the total yield by834

— the fraction of sizes coarser than 0.075 mmarstirface soils. Since the CDM report notes that t
values are estimates and may be in error by as ami200 percent, the low and high estimates ineTabl
5-1 reflect this stated level of uncertainty.

In 1996, the USACE Los Angeles District conductdtligial sediment investigation of the Orange
County Coast and estimated the annual coarsedneséidiment yield from the Aliso Creek watershed.

@ 103 June 2010



Aliso Creek F4 Geomorphic Assessment Draft Report

The total yield estimate for ultimate buildout ca@imhs presented in the 1982 CDM report of 62,05t
per year was multiplied by an assumed coarse éracti 0.3 to produce an annual yield of coarse
sediment of 18,600 tons. It is not clear whatrgsaze corresponds with the 0.3 fraction of the
representative gradation.

The 1997 Everts Coastal report indicates that timei@ coarse sediment yield presented in the 1996
USACE report is based on data prepared by CDM 821Bat are cursory and may be in error by as
much as 200 percent. Everts Coastal used the g&tilthated by CDM for ultimate buildout conditions
(i.e., 62,000 tons per year) and calculated highlaw estimates using errors of 100 percent — 06t 2
percent. Based on the assumption that the coaassial in the discharged sediment varies betwektn 0O
and 0.3, the annual coarse material yield was tzkudito range between 3,100 and 37,200 tons. dBase
on further assumptions and comparisons, Evertst@la@sommended a coarse sediment yield of 17,100
tons per year. Assuming the authors would havesdmnthe same recommended value using the wider
range associated with 200 percent error insted@0fpercent, the high and low estimates in Talle 5-
reflect the wider range.

Due to the lack of clarity in the definition of teeze of the material used to define the coarssifnain
the previously published estimates of coarse natgield from the Aliso Creek watershed, it is more
appropriate to consider a range of values thangiesvalue. Further, since both the 1996 USACH)stu
and the 1997 Everts Coastal study were based at98# CDM report, the CDM values are the only
independent values. The range of values presémieable 5-1 for the CDM report are based on the
revised unit weight, the ultimate land cover disition, and the area-averaged fraction of graiessiz
coarser than 0.075 mm of 0.483. These valuesaseaimbiguous that the USACE (1996) and Everts
Coastal (1997) values, so they are given more wédgltomparison to calculations made for this gtud

5.1.1.2 Updated Estimates using the MUSLE and LARIIs Method

As described in the revised H&H Appendix (USACE 2)ahe average annual sediment yield was
calculated by integrating the sediment yield fragyecurves developed using both the MUSLE and the
LAD Debris Method. These curves plot the sedinyiglt! calculated for individual flood events as a
function of the annual exceedance probability. sTdailculation approach is based on the expectafion
an individual flood event each year as is typidadrad environments in the southwest. Howevethm
coastal watersheds of southern California, multilgled events occur each year. For example, stream
gauging data from Aliso Creek show that betweeremggars 1991 and 2008 an average of nine floods
occurred per year with peaks flows in excess ofltheyear recurrence interval peak flow. Using
calculations of peak flow and storm volume at th8eat of the Aliso Creek watershed (described imeno
detail in Section 5.3.1), the MUSLE and LAD Deliviethods were used to calculate the total sediment
yield for all flood events greater than the 1.1rnfé@od in water years 1991 through 2008. Theltssu
were summed by year to produce annual yields. eSinis period contains exceptionally dry and wet
years, the range of calculated annual yields rettexcbroad range of conditions experienced in the
watershed. For comparison purposes, an averagelaomal yield was calculated for each approaanl, a
the low and high estimates were based on the mmigmnd maximum values, respectively. Another
difference in the calculations compared to the wastdocumented in the revised H&H Appendix is the
increase in the adjustment-transposition (AT) faoidhe LAD Debris Method from 0.35 to 0.52.

The resulting annual average yield calculated uiegMUSLE is approximately 25 percent less than th
yield calculated using the LAD Debris Method. Th&D Debris Method reflects total sediment yield
whereas the MUSLE is really developed only for diaetions finer than 1 mm in diameter. Whethés th
is the primary difference between the results ftbentwo methods is unknown, but it is a reasonable
basis for the lower values produced by the MUSHEEen considering the difference between these two
methods, the average annual yield for both metFfaltdswithin, but near the upper end, of the range
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calculated using the approach documented in thg CE8M report. However, the annual yields
calculated for wet years exceed the upper endeofahge associated with the approach from the 1982
CDM report by a factor of approximately 2.2 to 2.7.

5.1.1.3 New Estimate using PSIAC Method

Due to the general increase in the calculated tegenml yields compared to previously reported gaju
the PSIAC method (1968) was used to provide angtbiett of comparison. After scoring the factoratth
affect sediment yield, the total score of 58 platedwatershed in Classification 3 — correspontinan
average annual total yield of 0.5 to 1.0 acre{eetsquare mile. Using a unit weight of 93 poupeis
cubic foot and multiplying by the total watershedaaresults in 35,000 to 70,100 tons per year.
Partitioning the total yield into the bed mategisld produces a range of 16,900 to 33,900 tonygar.

These results are lower than calculations fronother methods. This is likely due to the extrafiofa

of the methodology and yields from watershed inahé southwest to a coastal watersheds in southern
California. Despite the lower values from the PSiethod, they are useful as an estimate of a lower
bound for yields from the Aliso Creek watershed.

5.1.1.4 Recommended Range of Annual Bed Materialtfi

Commonly referenced values of the annual bed nadtgald from the Aliso Creek watershed are based
on partitioning of total upland yield to producdues on the order of 15,000 tons. It appears many
citations may actually refer to potentially erronewalues described in the Sediment Discharge
Mechanics of Aliso Creek (CDM 1982). After makirayisions to the results of the CDM study, and
comparing to calculations made using the MUSLE, LIB&bris Method, and PSIAC method, the range
of variability on an annual basis is greater thas been previously documented. Considering the
uncertainty in all of these methods, but the redagiimilarity in the order of magnitude of the aages
annual yields, the recommended range of annuairizgdrial yield is 20,000 to 60,000 tons. The
probable range in annual bed material yields duditygand wet years is 1,000 to 200,000 tons. The
recommended annual bed material yield is comparedtual calculations of bed material transport
capacity in Section 5.3.4.

5.1.2 Sediment Supply from Channel Degradation

Substantial bank erosion and channel bed erosievident in many reaches of Aliso Creek, partidular
between the SOCWA treatment plant and the ACWHERsire and between the ACWHEP structure
and the confluence of Sulphur Creek. The Aliscekr€@oncept Plan Report (County of Orange 2006)
provides a rough estimate based on cross sectmmegey that indicates on the order of 5,000 to 08,0
cubic yards of sand may have been eroded pergeaverage, from 1971 to 1998. This estimate was
based on an assumed sand fraction in the erodediatatf 0.7. Using a unit weight of 93 pounds per
cubic foot, this range equates to 6,300 to 18,806 bf sand per year. The 28 year period betwBémh 1
and 1998 represents the most active channel ddagrmagiuture loadings from channel degradation are
not expected to continue at these rates.

The revised H&H Appendix (USACE 2009) documentsrage annual sand loads generated from
channel degradation downstream of the ACWHEP stradtetween 1998 and 2006 as 21,000 tons. This
estimate is similar to the average annual sandffoad channel degradation calculated for the Cohcep
Plan (County of Orange 2006). However, the H&H Apgix notes that as the channel morphology
adjusts and approaches equilibrium conditionsatheunt of channel degradation will decrease and the
delivery of the sand material will also decrease.
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5.1.3 Bed Material and Streambank Material Charactestics

The bed and streambank materials in Aliso Creek theen sampled at multiple times and locationsesinc
the spring of 1998. Prior to 1998, the only knastieambed sampling occurred in August 1980
(Southern California Soil and Testing, Inc. 1980 facilitate comparisons, the locations of alhgtes
were referenced to the 2006 stationing and typichtators of gradation were calculated (e.g., d%0,

and percent sand).

5.1.3.1 1980 Sampling

Bed samples were analyzed in 1980 to support liensat transport analysis performed by CDM in
1982 (Southern California Soil and Testing 198@jtial sampling was conducted with a shovel of the
upper 1.5 feet of the active streambed materiéle §econd phase consisted of logging and sampling
backhoe pits excavated into or below the activeastibed material. The general character of the
moveable bed was described as fine to medium dahé aurface that grades downward to a gravelly,
slightly silty medium sand with the base of thevacstreambed material recognized by the presehae o
layer of well-rounded pebbles and cobbles betwemnhalf and six inches in diameter. Surface amagpri
was observed during the investigations, primatiliha edges of the streambed and on some bars,
generally near zones of colluvium. The armor stomere generally flattened with long dimensions of
two to four inches. Twenty-three samples wereectdid, eighteen from Aliso Creek, and fourteen iwith
the current study area. Of these fourteen, nimgphss were collected from the surface materialg antl
five samples represented the combined materiatsiginout the active streambed.

Due to the coarseness of the stationing for eatiplea the conversion of the samples to the 2006
stationing represents a best estimate. The sdoga#ons are illustrated in Figure 5-1; descriptiv
characteristics of these samples are presenteahie b-2.
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Table 5-2. August 1980 Bed Samples and Charactetist

Soil digo dga dsg dig Gravel | Sand | Fines
ID | Location® | Analysi§ | Classification | (mm)® | (mm) | (mm) | (mm) | (%) (%) (%)

. Poorly graded

1 0.39 S, Sieve sand (SP 8| 1.22| 0.58| 0.24 19| 94.3 3.8
. Poorly graded

2 1.25 S, Sieve sand (SP 16| 1.24| 0.59| 0.27 3.0 948 2.2

3 1.38| C Sieve Grave”‘g%" 152|10.35| 1.35| 0.33| 296| 67.7| 27

4 1.63| s, sieve Grave”‘g%" 152| 2.56| 1.08| 0.29| 132| 847| 21
. Poorly graded

5 1.68 S, Sieve sand (SP 16| 1.26| 0.62| 0.29 34| 93.6 3

6 1.78| c Sieve Gra"e”{g\?\?)d 152| 3.26| 1.10| 0.28| 16.3| 83.0| 0.7
Silty sand over

7 2.78 C, Sieve gravelly sand 64| 11.72| 2.13| 0.42 40.2| 59.0 0.8
(SM-SP)
. Poorly graded

8 3.12 S, Sieve sand (SP 64| 1.75| 0.62| 0.21 8.9| 89.0 2.1

9 346| C,sieve| Cravely (S'SaFr,‘)d 64| 2.25| 1.10| 0.33 87| 910/ 03

10 435 cC, sieve| Cravely (Sg‘g‘;’ 64| 259| 1.27| 0.46| 10.9| 87.3| 1.8

11 441| s sieve| Cravely (Sg‘g‘;’ 64| 2.15| 1.04| 0.45 82| 905| 13
. Poorly graded

12 5.03 S, Sieve sand (SP 16| 1.22| 0.60| 0.27 15| 975 1
Poorly graded

13 5.05 C, Sieve sand with silt 16| 1.18| 0.56| 0.22 0.7| 88.6 10.7
(SP-SM)
. Poorly graded

14 5.89 S, Sieve sand (SP 64| 2.20| 0.84| 0.39 11.0| 88.3 0.7

12006 stationing in miles, estimated from 1980isteng
25 = surface; C = combined active layer materials
3 dygo estimated from sieve data, or set to 152 mm (&iren less than 100 percent of the sample passegitmm sieve
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5.1.3.21998 Sampling

As reported in the 2000 H&H Appendix (USACE 200d)ring the spring of 1998 sediment samples
were collected at 19 locations between the Pa@ifiean and Laguna Hills Drive (Figure 5-2). Thrée o
the samples were collected from the bank (i.e. pbesmumbered 13, 15, and 19); the remainder of the
samples was collected from the bed or from depwsitifeatures in the channel. Two of the samples
(i.e., samples 1 and 18) included gravels and eshlsb the coarser and finer materials were sampled
separately. Volumetric samples were collected &y the material filling the voids between thegier
size fractions. Where noted, pebble counts werenfiam a one-meter square area on the bed surface
for the coarser size fractions. Descriptive chiarstics of the samples are presented in Table 5-3

Table 5-3. Spring 1998 Sediment Samples and Characistics

Soil digo dga dsg dig Gravel | Sand | Fines
ID' | Location’ | Analysis | Classification | (mm) | (mm) | (mm) | (mm) | (%) (%) (%)
Poorly graded
5 V‘ée,jtesbj;g’ Sieve| sandwithsilt| 4.75| 0.71] 0.31 0.12 08  92[9 6.8
' (SP-SM)
Bed, . Poorly graded
6 RM 5.507 Sieve sand (SP 9.5 1.0/ 0.46 0.2¢ 3.3 96,2 0i5
Bed, . Poorly graded it
7 RM 5.309 Sieve sand (SP 95| 0.69| 049 0.2% 0.8 984 13
Bed, Clayey sand
8 Sulphur Sieve| ., aYeY 19| 13| 023 0.01 117 501 382
Ck. with gravel (SC)
Bed Poorly graded
9 . Sieve sand with silt 20| 048] 0.27 o011 ) 92,8 712
RM 4.953
(SM)
Bed, . . L
10 RM 4.426 Sieve| Silty sand (SM 95 023 0.09 0.p3 1.2 53.6 5.24
Bed, . . L ;
11 RM 3.806 Sieve| Silty sand (SM 085 0.7 0.09 0J)5 0 60.4 .639
Bed, . .
12 RM 3.376 Sieve| Silty sand (SM 20 019 0.08 0.p4 0 56.0 045.
West bank, . Poorly graded
13 RM 2.919 Sieve sand (SP 19| 0.76] 0.49 0.28 0.9 980 11
Bed, . . A
14 RM 1.485 Sieve| Silty sand (SM 20 021 0411 0.p7 0 76.5 523.
Poorly graded
15 V‘ée,\jtlbggg’ Sieve| sandwithsiltf 95| 046 023 0.11 0.8 93 6/2
' (SP-SM)
Bed, . Poorly graded
16 RM 0.849 Sieve sand (SP 9.5 1.7 0.66 0.31 10.f 88J0 13
Bed Well graded
17 ! Sieve| sand with grave 50 9.1 2.8 0.60 60.6 349 45
RM 0.616
(SW)
Bed, . . L
18 RM 0.476 Sieve| Silty sand (SM 475 038 0.19 0/08 D.2 8§7.412.4
Bed, Pebble A
18 RM 0.476 Count n/a 50 39 24 12 100 0 0
East bank, . Poorly graded
19 RM 0.058 Sieve sand (SP 19 1.7| 0.69] 0.36 11.4 885 0.1
! samples 1 through 4 collected outside the extaftthe geomorphic assessment study area
22006 stationing in miles
n/a — not applicable
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5.1.3.3 2006 Sampling

In March 2006 an addition 10 sediment samples weltected between the SOWCA treatment plant and
the confluence with Sulphur Creek in support of #tPER Project (County of Orange 2006). These
locations are shown in Figure 5-3. Five of themmes were collected from the bed of Aliso Crdrie
samples were taken from the streambanks. Desaiphiaracteristics of the samples are shown ineTabl
5-4.

Table 5-4. March 2006 Sediment Samples and Characistics

Soil d10o dgs dso dis | Gravel | Sand | Fines
ID' | Location’ | Analysis Classification | (mm) | (mm) | (mm) | (mm) | (%) (%) (%)
Bar
deposit
1 ~L5At Sieve| Poorygraded ;.5\ 6670 037 018 0L 950 49
above sand (SP
REW,
RM 1.383
East bank, . . ]
2 RM 1.469 Sieve| Siltysand (SM) 4.75| 0.28 0.14 0.0y 0.p 7919 19.9
East bank,
upper Sieve & L
3 4-5-fF, | Hydrometer Sandy clay (CL) 95| 0.18/ 0.07 0.01 0.5 460 53.5
RM 1.569
Bed , Poorly graded ]
4 RM 3.247 Sieve sand (SP 12.7 1.8/ 0.74 0.33 12.p 87|1 0.7
Bed, : Poorly graded E
) RM 3.27¢ Sieve sand (SP 9.5 12| 0.62 0.34 2.8 96,9 03
Bank, stiff
layer up to
12/15-ft Sieve & | Clay with sand o
7 above| Hydrometer (CH) 4.75 0.12 0.02 0.01 0.b 24(5 75.0
WSE,
RM 3.525
Bank,
upper silty
layer, .
Sieve &
8| 12/15-25 Sandy clay (CH) 95| 0.17| 0.04 0.01 0.9 363 62.8
Hydrometer
ft above
WSE,
RM 3.525
Bed, , Poorly graded ]
9 RM 3.826 Sieve sand (SP 9.5 15| 0.73 0.44 1.9 980 011
Bed, : Poorly graded 4
10 RM 4.158 Sieve sand (SP 9.5 1.7 078 0.3 8.8 915 0)12

! sample 6 collected on Wood Canyon Creek

22006 stationing in miles

3 Sample taken from upper layer of silty loam; low2+feet has more clay

4 Upper 4-feet of bed is sand represented by samptevel underlies the sand
n/a — not applicable
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5.1.3.4 2008/2009 Sampling

In support of the revised H&H Appendix (USACE 200@w bed and bank samples were collected
during 2008 and 2009 in Aliso Creek (Figure 3-Bhe locations matched as closely as possible the
locations in the study area originally samplecdhia $pring of 1998. Within the extent of the cutrgtndy
area, 14 samples were collected from the bed abAlireek (Table 5-5), 14 from the streambanks €labl
5-6).

Table 5-5. 2008/2009 Bed Material Samples and Chanteristics

Soil leO d84 d50 d16 Gravel Sand Fines
ID* | Location’ | Analysis | Classification | (mm) | (mm) | (mm) | (mm) | (%) (%) (%)

Poorly graded

1 0.088 Sievg sand with grave 38 30 43| 0.64 61.1 36.1 2|9
(SP)
Poorly graded

2 0.482 Sievg gravel with sand 75 55 13| 0.94 76.4 226 10
(GP)
Poorly graded

3 0.583 Sievd  sandwithsilt] 1.0| 0.87| 041 0.15% 1.8 912 6.9
(SP-SM)
Poorly graded

4 0.875 Sievg sand with grave 38 11 15| 0.48 43.2 56.1 0|7
(SP)
Poorly graded

5 0.993 Sievd sand with grave| 1.9| 54| 1.2 051 207 695 08
(SP)

6 1.516 Sievg roorlygraded - oo1 g0 g5l (53 26.8 719 1|4
sand (SP

9 3.801 Sieve S"ty(ss?\;‘)d 95| 097 049 001 2.7 646 327

10 4.443 Sieve oorlygraded o5l 460 575 038 57 937 07
sand (SP
Well graded

11 4.963 Sieve ~Sandwithsilt 500 440 55 024 562 358 85
and g ravel
(SW-SM)

Sulphur . Silty sand with d

12 Croek Sieve aevel owy| 25| 71| 14 01 39.7 460 144

13 5.304 Sieve oorlygraded o1 550 g7 051 17.0 823 o6
sand (SP

spP 5.461 Sieve Foorygraded .00 451 g 041 52 920 2/8
sand (SP

14 5.579 Sieve oorlyoraded ., ol 4 40 071 046 3.6  94l9 15
sand (SP

15 6.484 Sieve C'ayeyggd 95| 12| o056 001 21 70l9 270

! samples at locations between ID 6 and ID 9 weré smmpled due to access issues
22006 stationing in miles
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Table 5-6. 2008/2009 Streambank Samples and Charadstics

Soil digo dsga dso dis Gravel | Sand | Fines
ID* | Location | Analysis | Classification | (mm) | (mm) | (mm) | (mm) (%) (%) (%)

1 0.088 Sieve S"ty(ssel‘\;l’)d 19| 048] 022 0.0 50 80l4 14
Poorly graded

2 0.482 Sievg sand with grave 75 57 1.1] 0.32 47.% 494 3
(SP)
Poorly graded

3 0.583 Sievg sand with grave 25 4.6 1.2 0.5¢ 30.4 687 0
(SP)

4 0.875 sieva Foorlygraded ) o1 ool 543 024 02 966 3
sand (SP

5 0.993 Sieve S"ty(ss?\;‘)d 05| 030 014 004 08 68l4 31

6 1.516 Sieve S"ty(ss?\;‘)d 05| 0.73| 03d 0.06 1.8 803 18

8 3.801 Sieve S"ty(ss?\;‘)d 19| 024/ 013 004 202  65l1 32

9 4.443 Sieve Sam)ég'gy 1.0| 023 005 001 08 423 57

10 4.963 Sieve S"ty(ssel‘\;l’)d 95| 042 022 007 14 813 17

11 S‘g‘r’g‘euli Sieve| Sandy silt (ML 1.0 019 006 0.02 0.1  4B.5 6.4

12 5.304 Sieve Clay with (SCaL’;d 1.0/ 0.14| 003 001 ) 201 70

. Clayey gravel 7

SP 5.461 Sieve i eand (G0 75| 60| 17| 004 49. 265 23
) Sand with silt

14 5.579 Sieve (SP-SM) 19| 0.70| 029 o0.11 3.0 872 9

15 6.484 Sievd Sano"égl'_"’;y 05| 0.13| 006 0.03 05 396 59

! samples at locations between ID 6 and ID 9 weré smmpled due to access issues

22006 stationing in miles
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5.1.3.5 2009 Sampling

During a reconnaissance survey of the creek inl2ctd009 from the SOWCA treatment plant up to
Pacific Park Drive, the frequency of coarse grarel cobble deposits in the bed of the channel was
noted. Observations of this coarse material waserisistent with the majority of the sediment saspl
that had been previously collected. The inconsestés due to the collection of the previous samspbe
represent bed material load whereas the coards alpgear to function as local grade controls due t
their relative immobility. Pebble counts were penfied following the Wolman procedure (Wolman
1954) in November 2009 specifically targeted as¢heeposits of coarser materials. Additional sempl
were also collected from sand and gravel bars &padierize mobile gravel size fractions that were n
well represented in earlier samples. The pebhlatcand sample locations are illustrated in Fiditte
and general characteristics of the samples aredadwn Table5-7.

Table 5-7. 2009 Pebble Count and Bed Material SamgICharacteristics

Soil leO d84 d50 d16 Gravel Sand Fines
ID* | Location’ | Analysis | Classification | (mm) | (mm) | (mm) | (mm) | (%) (%) (%)
Side
3| Channel| FePble V:’ae\l'e?zgdvfg 256| 64| 23| 74§ 10 ) )
RM 1.463 9
Plug, Pebble Poorly graded
5| RM1.554|  Count gravel (GP)| 128 39 24 13 100 ) P
Riffle, Pebble|  Poorly graded . &
12| rM2.008]  Count gravel (GP)| 180 52| 24 12 9 i P
Plug, Pebble Poorly graded d
18| pM2.158|  Count gravel (GP)|  2°%|  43] 25 13 99 1 P
Plug, Pebble Poorly graded 4
23| RM2.241|  Count gravel (GP)|  2°%| 108 43 20 9 g P
Plug, Pebble Poorly graded d iy
28 RM 2.479 Count gravel (GP) 256 124 63 26 9 P D
Riffle, Pebble Poorly graded
38 RM 2.932 Count gravel (GP) 256 101 56 39 109 D g
Riffle, Pebble|  Poorly graded i iy
52 RM 3.505 Count gravel (GP) 375 135 80 32 99 7 D
Riffle, Pebble Poorly graded d
58 RM 3.742 Count gravel (GP) 350 149 90 36 9 1 D
Bar Poorly graded
66 : Sieve| sand with grave 180 58 27 2.7 86 14 D
RM 4.138
(SP)
Bar Poorly graded
77 ’ Sieve| sand with grave 38 15 1.8 0.4 44 53 3
RM 4.884 (SP)
Riffle, Pebble Poorly graded
80| RM4.963]  Count gravelGp)| 128 74 40 2% 100 ) P
Plug, Pebble Poorly graded
841 RM5.848|  Count gravel (GP)|  2°%| 49 30 17 100 ) P
Bar Poorly graded
93 ’ Sieve| sand with grave 20 33 20 5.8 92 8 D
RM 6.110
(SP)
Bar Poorly graded
100 ; Sieve| sand with grave 180 60 31 16 93 T D
RM 6.483 (SP)

! corresponds with GPS waypoints recorded during @etr 2009 field investigations
22006 stationing in miles
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5.1.3.6 Comparison of Bed and Bank Sample Data

When comparing the sediment samples collectedmitieé Aliso Creek watershed, the following
observations are noteworthy:

= The silts and clays (i.e., fines) comprising ugpproximately 75 percent of some of the
streambank samples are not represented in appieegiadntities in the bed samples. These finer size
fractions contribute locally to the wash load defed from the watershed. Due to the high
percentage of silt and clay materials in many efstreambank samples, future erosion of the
streambanks will provide some material (e.g., sgrakels, and cobbles) that will be stored locadly
the channel and overbank areas; however, appreciahimes of the eroded material will be washed
directly into the Pacific Ocean during flood events

= The bed material gradations collected in 1980 asgser than the bank sample gradations
collected in 1998 and later. If the gradationsengmilar, the source of bed materials could bieeléh
to the supply in the banks. Since the gradatidifsrdit supports the likelihood that the finemsks
and silts in the banks are washed through Alis@Kte the Pacific Ocean without appreciable
exchange with the streambed (e.g., depositionantbmobilization from the bed).

= For comparable locations, the bed material sangukacted in 2008/2009 are generally coarser
than the samples collected in 1998. This appammisening of the bed may be due to hydraulic
sorting, minor differences in locations where saaplere collected, the influence of major floods
prior to sample collection (i.e., December 1990dmnly months before the 1998 samples were
collected and January 2005 flood with only reldtivainor annual floods thereafter until the
2008/2009 samples were collected), or a combinationultiple factors.

= Up to six-inch cobbles were noted at the base@htitive streambed materials in the 1980
sampling, and two to four inch pebbles were obgkim@rmored areas. Gravels and cobbles were
again observed in the bed during the 1998 sampding while some samples include gravels, the
samples were collected only from the materialrfjlthe voids between larger size fractions. The
2009 samples specifically targeted the coarsestfsiztions in the bed. Cobbles have been present
in the bed of Aliso Creek across the different samgpefforts, but were only well represented in the
2009 pebble count data.

* Due to the confinement of Aliso Creek in a narradlay/canyon where there is extensive
evidence of landsliding, there is no shortage efsipply of gravels and cobbles to the creek.
Gravels and cobbles were observed during the Oc&I89 reconnaissance in regularly spaced
“plugs” that were densely vegetated with cattafénce the cattails were not observed in the sadd b
reaches, it is likely that the cobbles are reldyivmmobile (providing secure substrate for castad
establish) and thus serve as grade controls. #veungh the percentage of the total streambed area
covered by cobbles is small compared to the areared by sands and gravels; the influence of the
cobbles plays a key role in the current profilb$o Creek.
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5.1.3.7 Representation of Bed Material Load

The bed material load transported by Aliso Creatommprised primarily of sand and fine gravels, with
minor contributions of silt and coarser gravelaielo the stabilizing influence of the ACWHEP sttuie

on sediment transport upstream, the reach upstoééme structure appears to be somewhat
aggradational. Bed material samples collectediswreach are, therefore, good candidates for
representing the bed material load. The idealidamelis a subsurface bar sample — sample ID 66
collected in 2009 is the only subsurface bar samlan this reach. The sample was collected froma

of a series of alternating bars that exist in aodénal reach upstream of a gravel plug above the
ACWHEP structure. Figure 5-6 compares the gradatad the various samples collected upstream of the
ACWHEP structure to the gradation of sample ID 6flected in 2009.

100
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50

Percent Finer

40

1999 #10 (RM 4.426)
1999 #11 (RM 3.806)
——2006 #9 (RM 3.801)
2006 #10 (RM 4.158)

30

20 § 2008 #9 (RM 3.826)
——2008 #10 (RM 4.443)
10} 2009 #66 (RM 4.138)
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Figure 5-6. Bed material samples collected upstreanf the ACWHEP structure

In Figure 5-6, the gradation curve for the subsigfiamaterial in sample ID 66 follows the gradations
through approximately 1-mm sand for the surfacepdasncollected in 2006 and 2008, but it better
represents gravels. The upper end of the ID 66wstdice curve is similar to the upper end of th& D
bar sample collected at the confluence of Sulpheek; indicating similarity in the upper size ohgels
transported through this reach. The gradatioressprted by the ID 66 subsurface sample was, therefo
selected as the best representation of the bediatddad transported in Aliso Creek.
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5.2 INCIPIENT MOTION

The concept of incipient motion was applied to¢barser bed material from the coarse riffles and%l
sampled in November 2009. Figure 3-15 shows tbatilon of the coarse riffles and plugs observed in
October 2009; Figure 5-5 illustrates the locatimh®re samples were collected. Incipient motion is
taken to be the threshold of mobilization — thediton when the erosive force of the flow in theanhel
is balanced by the resistive force of the weigtthefpebble. The portion of the total channel sbass
acting only on grains on the bed, the grain shieass, was calculated to quantify the erosive forlae
dimensionless Shields parameter was applied teuhmerged weight of a particular size fractiorhia t
bed to quantify the resistive force. Comparingrgehear stress calculated for different flowshe t
resistive force provides a method for identifyihg flow corresponding to conditions of incipienttioa.
Since grain shear stress is typically directly pmtipnal to flow rate, all flows greater than thevi at
incipient motion can be assumed to be erosive @&ssimption should be verified by hydraulic dateesi
backwater conditions at higher flows can in faduee shear stress). Determining the flow assatiate
with incipient motion for the coarse materialshie plugs and riffles of Aliso Creek provides a bder
assessing the relative mobility of the materiald thre stability of the bed.

The grain shear stress can be calculated numerays and in all cases, the objective is to excthde
shear stress acting on anything other than thasaidrains on the streambed (e.g., vegetation sbank
bedforms). The approach used in this geomorplsesssnent is based on the assumed logarithmic
velocity profile and the relationship between mehannel velocity and the grain shear velocity. The
roughness height was set to 3gp(tHey 1979). The resistive force can also be ¢aled a multitude of
ways, so for this assessment, two values of thel@hparameter (i.e., 0.03 and 0.047) were combined
with two representative grain sizes from the samfile., d, and d,).

To generalize the results presented in Table Sh@nvthe particle size of interest was approximatély
mm or greater, the particles were immobile up tgiothe 100-year recurrence interval flood. This is
true for either value of the Shield parameter. YWt particle size of interest was in the grasebe
(25 mm to 64 mm), for either value of the Shieldsameter, the particle was mobile at relativelgfient
flood events (i.e., 5-year recurrence interval anwle frequent). As shown in Table 5-7, none of the
samples collected in November 2009 havey,akater than 100 mm; but quite a few samples Have
exceeding 100 mm. However, comparison of graiessia November 2009 and February 2010 (before
and after the late January 2010 floods on the @wHlar25-year recurrence interval), indicated that
gravel plugs and riffles appeared unchanged. Wwhssattributed to the dense growth of tules anitsit
that were established in the gravels. In manys;ake high flows laid over the vegetation, whiattler
sheltered the grains from the erosive force offitihes. In other cases, the vegetation was sheaffead
few inches from the bed, but the vegetation wasipodoted and the remaining stubs likely provided
enough resistance to create a sublayer of flowithtiéred the bed from the most turbulent flow$iug,
it is likely that under any feasible flow conditmrthe cobbles will remain immobile and the gravets
long as they support a stand of tules or cattailspe buffered sufficiently from the flow by the
vegetation to remain immobile.
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Table 5-8. Summary of Incipient Motion Results forExisting Conditions

Shields parameter = 0.03| Shields parameter = 0.047

Critical Critical Critical Critical

ds4 Shear Flow Shear Flow

River Mile Sample (mm) (Ibs/ft?) (R.1)* (Ibs/ft?) (R.1)*
1.463 3 64 0.65 >100 1.02 >100
1.554 5 39 0.40 <1.1 0.62 2
2.008 12 52 0.53 1.1 0.83 5
2.158 18 43 0.43 2 0.68 10
2.241 23 108 1.10 >100 1.72 >100
2.479 28 124 1.25 2 1.96 >100
2.932 38 101 1.02 >100 1.60 >100
3.505 52 135 1.37 >100 2.15 >100
3.742 58 149 1.51 >100 2.36 >100
4.963 80 74 0.75 <1.1 1.17 <1.1
5.848 84 49 0.50 5 0.78 100

Trecurrence interval (R.1.) of flood required tqual or exceed the critical shear

One concern with the incipient motion analysidis influence on incipient motion of resistance from
riparian vegetation that has established on thadfitains inset in the incised channels. This \agmet

has become fairly dense, likely due to the yeandoaccess to water due to the perennial baseflow in
Aliso Creek. If this baseflow was to disappead #re vegetation was to completely die off, wouile t
conditions governing incipient motion of the bedtenals change enough to affect channel morphology?
The HEC-RAS model was run for a scenario whereMhaning’s n-values were reduced to reflect
conditions without the riparian vegetation. Thaigrshear was calculated from the results of this
scenario, and the results presented in Table ®-Siarilar when compared to the run for existing
conditions (see Table 5-8). Slight differencethimresults are due to changes in flow depths aacg
grade line slope as a result of the reduced n-galdi@is comparison shows that it is the new chianne
morphology that has developed in response to chaegeadation and subsequent widening (e.g.,
increased channel width and flatter channel slogtker than the riparian vegetation that is resipbms

for the stability of the cobbles in the coarse plagd riffles. However, the gravels that are cutye
stable due to the protection provided by the tales cattails could become mobile; but since this
vegetation grows in the bed of the channel, not wduld the baseflow need go to zero, the grounervat
would also need to drop enough to kill the vegetmatiConsidering available information, the prokigbi
of these conditions occurring seems remote.
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Table 5-9. Summary of Incipient Motion Results witlout Existing Vegetation

Shields parameter = 0.03| Shields parameter = 0.047

Critical Critical Critical Critical

ds4 Shear Flow Shear Flow

River Mile Sample (mm) (Ibs/ft?) (R.1)* (Ibs/ft?) (R.1)*
1.463 3 64 0.65 10 1.02 >100
1.554 5 39 0.40 <1.1 0.62 5
2.008 12 52 0.53 2 0.83 10
2.158 18 43 0.43 <1.1 0.68 2
2.241 23 108 1.10 >100 1.72 >100
2.479 28 124 1.25 >100 1.96 >100
2.932 38 101 1.02 >100 1.60 >100
3.505 52 135 1.37 >100 2.15 >100
3.742 58 149 1.51 >100 2.36 >100
4.963 80 74 0.75 <1.1 1.17 <1.1
5.848 84 49 0.50 2 0.78 25

Trecurrence interval (R.1.) of flood required tqual or exceed the critical shear

5.3 EFFECTIVE DISCHARGE

The effective discharge is the quantification & toncept of the dominant discharge — the incremmient
discharge that transports the greatest amouniahsat over the long term (Wolman and Miller 1960;
Andrews 1980; Biedenharn et al. 2000). In perdns&f-adjusted streams the effective discharge is
typically calculating by integrating the bed maaktransport capacity rating curve and the flood
frequency curve. This approach generally prodacesffective discharge on the order of the bankfull
discharge (e.g., the one to two-year recurrenesvat flood). In arroyos, the effective discharge
calculated by integrating the bed material yiethfrency curve to produce the mean annual bed @lateri
load. The effective discharge can then be estinagehe peak flow of the flood hydrograph that
transports a bed material yield equal to the mesoa bed material yield. This approach applied to
minimally developed watersheds typically resultaumeffective discharge on the order of five-year t
ten-year recurrence interval flood peak dischalgeheavily developed watersheds the effective
discharge is on the order of the three-year toyr@r recurrence interval flood peak discharge (MEI
2008). In a coastal, southern California watershesh as Aliso Creek, neither one of these standard
approaches is ideal (Downs 2007). The approachdmnnial streams underestimates the effective
discharge because there is such a large percém ahnual flow regime that is weighted to the flows
that occur during dry weather. The approach foyyans is inappropriate for estimating effective
discharge because unlike arroyos, Aliso Creek éapees many flood events per year (an annual agerag
of 9 flood events with peak discharges greater tharl.1-yer recurrence interval flood). A new
approach was therefore developed for applicatiaghédAliso Creek watershed.

The basis of the new effective discharge calcutaisadhat minimal bed material is transported ekcep
during flood flows. The flow duration curve forisb Creek was developed considering only the flows
associated with flood events. This approach exadutle dry weather flows that occur most of the.yea
In a flashy system such as Aliso Creek, the anfhomlduration curve is dominated by the dry weather
flows and provides poor resolution of flood flowBue to the high percentage of the year durindtse
flows, the effective discharge is spuriously cadtedl as the base flow. Based on field observatbns
essentially no bed material transport during blsesi, and consistent with professional experience i
similar systems to Aliso Creek, the base flow iewn to not be the increment of annual flows that
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transports the greatest amount of sediment ovdotitgeterm. Developing the flow duration curvengsi
only the flood flows provides a more realistic reggntation of the distribution of flows that arpaiale

of mobilizing and transporting bed material. Tlewelopment of this flow duration curve, development
of the bed material load rating curve, and theuatmn and verification of the effective dischaaye
presented in the following sections.

5.3.1 Effective Discharge Flow Duration Curve

As described in Section 2.2, the only long-terraatn gage in the watershed is located near theigoss
of Jeronimo Road — there is limited gauging dathiwithe study area. Since the bed material supply
appears to somewhat exceed the transport capadigaches 7 and 8, calculations of transport cgpaci
are likely representative of actual transport (@sosed to an armored reach where the transportitgpa
would exceed the available supply and actual tramspould be less than calculated capacity). Bkae
is that there are no gauging data in reaches Baodlevelop a flow duration curve. The gaugintada
collected at Jeronimo Road was used to produceethered flows.

Assuming watershed characteristics that affectffiare similar within the watershed flows are gextigr
related at different locations in the watershecetam a ratio of the drainage area. In the SootsC
Region of California, this relationship is exhildte the regression equations published by the UBGS
estimating peak flows (Waananen and Crippen 19Thg peak flows for the South Coast Region are a
function of drainage area and mean annual pretigoita The drainage area is raised to a power##
0.87 depending on the recurrence interval of adfl(acreases for less frequent floods). Usingehes
relationships, the peak flows at the Jeronimo ddgginage area of 8.6 square miles) were scaldteto
downstream end of Reach 7 (the ACWHEP structuagndge area of 28.1 square miles).

The data recorded at the Jeronimo gage illusthetdashy (i.e., rapid rise, peak, and recessidhef

storm hydrograph) nature of floods. Average dfidw rates are too coarse to adequately reprebent t
flood hydrographs, so average hourly data was densil. Digital archives of sub-daily flow data are
maintained by Orange County only for the perioémfune 1991, excepting July 1995 to June 1996 and
October 1998 to September 1999. The hourly flota égere compared to the calculated peak of 130 cfs
for the 1.1-year recurrence interval flood at teedimo gage to identify the floods capable of rhipinig
and transporting appreciable amounts of bed matefize 1.1-year flood was selected as an indicaftor
an average annual flood. These peak flows weresbaled to the ACWHEP structure using the ratio of
drainage areas and appropriate exponents. Asci,dhe calculated peak flows compared favorably to
the flood frequency curve produced by the HEC-1 ehéar the concentration point at the ACWHEP
structure. The runoff volume associated with eftmid was calculated using a ratio of flood volurass
measured at the Jeronimo gage and the SOCWA gaueperiod of record for the SOCWA gage begins
in water year 2002, and there is concern thatatieg curve isn't applicable for flows after the S@WA
bridge replacement in October 2008. However lieravailable period of record, the flood volumes
measured at the two gages were scaled per squigrefrdrainage area and compared. Typically the un
runoff volumes decrease as watershed area incrdagdn the Aliso Creek watershed, the greateglev

of imperviousness below the Jeronimo gage causeriheunoff volume to increase. This increase is
also evident when comparing the unit runoff voluroeleulated by the HEC-1 models of the watershed.
The range of unit runoff volume ratios is 0.3 to1l3vith an average value of 2.5. Given the skew i
these values, the median value of 1.9 was useebitgif the average. The flood volumes in Reach 7
were calculated by converting the volume measurdakealeronimo gage to a unit runoff volume,
multiplying by the drainage area to Reach 7, anttiptying by the median ratio of 1.9. The resuifs
these calculations are provided in Table 5-10.
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Table 5-10. Scaled Flow Data for Reach 7

Annual Flood Volume | Annual Peak Flow Rate
Water Year Number of Floods (ac-ft) (cfs)

1992 6 8,420 6,990
1993 11 33,26( 4,110
1994 8 3,360 980
1995 15 23,290 4,840
1996 [0} o’ n/a
1997 6 3,140 1,230
1998 20 32,14( 8,610
1999 n/a n/a n/a
2000 6 3,570 1,710
2001 6 6,150 1,200
2002 1 190 370
2003 10 11,90( 1,760
2004 6 1,540 770
2005 17 37,110 5,250
2006 6 3,560 1,670
2007 6 1,700 770
2008 10 6,640 2,330

Y missing data from July 1 through December 31

2 missing data from January 1 through June 30

3 entire water year missing from electronic archives

% floods having peak flows greater than or equaht® 1.1-year recurrence interval flood
n/a = not applicable

To translate the calculated peak flows and runoffimes into hydrographs at the ACWHEP structure, a
duration component is required. For simplificatieach flood was assumed to be represented by a
triangular shaped hydrograph, with a total duragqoal to two times the volume divided by the peak
flow. Applying this simplification allowed for thealculation of 15-minute flows within each flooat f
development of the flow duration curve using oriyrmflows. The 15-minute flows within each flood
recorded between water years 1992 and 2008 weerlsaimd ranked to produce the flow duration curve
shown in Figure 5-7.
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Figure 5-7. Flow duration curve (stormflows only) athe ACWHEP structure

5.3.2 Bed Material Load Rating Curve

The bed material load rating curve quantifies the material load transported for various flow ratisi®
known measurements of bed material load are avaifabAliso Creek, so the bed material load rating
curve was developed by application of a bed mdtieaa transport function. As documented in the
revised H&H Appendix (USACE 2009), Yang's transpioriction (1973, 1984) was identified as the
most appropriate function for Aliso Creek. Thesections were developed for sand and for gravetls wi
median sizes between 2 and 10 mm in diameter, cegply; however, careful review of the transport
calculations shows mobilization and transport bgedvels in the representative bed material gradat
The sand transport function (Yang 1973) was appbidaed material less than 2 mm in diameter and the
gravel transport function (Yang 1984) was appl@8ed material greater than or equal to 2 mm in
diameter.

The bed material gradation selected to represertted material load is documented in Section %.1.3.
and is shown in Figure 5-6. The sample is appratety 24 percent gravel, 73 percent sand, and 3
percent fines. The maximum size gravel is 37.5 theagd, is 9.5 mm, and thesglis 0.67 mm.

The peak flows shown in Table 2-4 for concentrapomt 4 were supplemented with lower flows and
input to the HEC-RAS model to produce indicatorstwdnnel hydraulics that were length-weighted over
Reaches 7 and 8 for input to the Yang transpoutfans. The resulting bed material load ratingvelis
presented in Figure 5-8.
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Figure 5-8. Bed material load rating curve for Reabes 7 and 8

5.3.3 Calculation of Effective Discharge

The approach for the calculation of effective deagje requires a flow duration curve and a bed nadhter
load rating curve as input for the following genettaps:

= Divide the range of flows over the period of insrmto a number of arithmetic classes
= Calculate the frequency of occurrence of each titass over the period of record

= Calculate the bed material load transported byatlegage flow in each class

= Multiply the calculated load by the frequency otorence

The number of arithmetic classes selected for digithe range of flows can influence the calculated
effective discharge. The selected interval shbeldmall enough to accurately represent the fragyuen
distribution of flows, but large enough to prodaceontinuous distribution (Biedenharn et al. 2000).
Typically 25 to 30 classes are used, although geéimm 10 to 250 may be required. For Aliso Creek
range from 20 to 100 classes was tested, and 58edavere selected. The frequency of occurrence of
flows in each class was determined, the bed matead was calculated for the average flow in each
class, and Figure 5-9 illustrates the resulting ietkerial load histogram. Figure 5-9 does not shtbwf
the classes to make it easier to interpret thdteess shown in this figure, the increment ofvflthat
transports the greatest amount of bed materiatisden 260 and 1,100 cfs.
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Figure 5-8. Effective discharge calculation for Reghes 7 and 8

5.3.4 Verification of Effective Discharge

To check the reasonableness of the range of cedduddfective discharges, the HEC-RAS model was run
with flow rates of 250 cfs, 500 cfs, and 1,200(tfie 1.1-year recurrence interval flood peak flavelose
approximation of the upper end of the effectived&ége range of 1,100 cfs). The water-surface
elevation was compared to the elevation of the bahkhe active channel. Upstream of the ACWHEP
structure, the banks of the active channel wenectdént with the floodplain elevation. Once théa:
channel was noticeably incised, both toward thel8ud Creek confluence and downstream of the
ACWHEP structure, the bank elevations were sdteaetevation of the new inset floodplain forming in
the base of the incised channel. Through the noised sections upstream of ACWHEP, the capacity of
the active channel was typically between 500 a@@dLcfs. In the incised sections, the capacityef
active channel was typically between 250 and 560 These trends verify the reasonableness of the
calculated range of effective discharges.

A separate check on the verification of the effectiischarge calculation is comparison of the ahbed
material load transported to the calculations ofumhload determined from upland sources presented
Section 5.1.1. Considering all flows throughowt ylear, not just stormflows, the annual flow durati
curve shows that three percent of year flows ex8&8edfs (the selected threshold between storm aed b
flows described in Section 5.3.1). This corresgonith approximately 11 days per year. Applying th
concept of the effective discharge, if the effeetilischarge was maintained continuously over thése
days, the bed material yield should approximateatlerage annual load. Using 250 cfs, the annuhl be
material load is 15,300 tons and using 1,100 asatimual load is 115,000 tons. These estimatels loa
are in reasonable agreement with the range of salakeulated from the upland-based approaches. The
range of 40,000 to 60,000 tons of bed materialypar corresponds with effective discharges of
approximately 500 to 700 cfs, respectively. Themeulations provide another means to verify the
reasonableness of the effective discharge caloulati
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5.4 BED MATERIAL TRANSPORT CAPACITY

The relationships between channel hydraulics addegerial transport capacity were investigated two
ways. The first way was to compare the calculét@asport capacities through the geomorphic reaches
to consider the continuity of transport through shedy area. The second approach was to caldhkite
bed material load for each flood event hydrogragge (section 5.3.1) in Reach 7 to calculate anradhl b
material load for comparison to the annual loadsutated from the upland based approaches.

5.4.1 Reach-based Bed Material Transport Capacity @nmparison

The bed material transport capacity was calculfiedach of the geomorphic reaches as a means for
comparing the transport capacity through the sardg. A similar process was followed as was used f
the generation of the bed material rating curvehercalculation of effective discharge. Hydraulic
parameters were length-weighted within each readhdicators of reach-averaged hydraulics. These
average values were input to the Yang transpodtioms (1973, 1984) with the representative bed
material load gradation to calculate the bed malt&@nsport capacity of a reach. This was donafo
range of flows and flood events. The results dogethe range of effective discharges are shown in
Figure 5-9; Figure 5-10 illustrates the resultsd@elected range of peak flood flows (i.e., thear, 5-
year, 25-year, and 100-year recurrence intervét fleads).
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Figure 5-9. Bed material transport capacity for eféctive discharges
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Figure 5-10. Bed material transport capacity for skected peak flood flows

Similar patterns emerge in both Figures 5-9 an@.5Assuming that Reach 7 represents the reaclmsthat
most self-adjusted between sediment supply andpgahcapacity, the load transported through R&ach
can provide an indication of the equilibrium loa@eaches with transport capacities greater thaohRega
have a greater probability of degradation whereashes with lower transport capacity have a greater
probability of aggradation. Notable observatiamsf Figure 5-9 include:

= Reach 10 is a “pass-through” reach. Due to thapipanks and concrete grade-control
structures, all bed material entering this readhbei passed through to downstream reaches with
limited potential for aggradation or degradationhaf bed.

* The transport capacity of Reach 9 indicates thenti@ for degradation; however, the coarser
gravel bed material provides some grade control.

= The similarity between Reach 8 and Reach 7 indscthigt Reach 8 may also be near an
equilibrium condition.

= The transport capacity of Reach 6 exceeding Redglexpected given the coarser cobble and
boulder riffles in this reach, the higher bed slag®d the observed incision downstream of the
ACWHEP structure.

= Reach 5C exhibits the lowest transport capacithénstudy area, consistent with the depth of
sand and fine gravel (up to 5 feet) observed irb#atof this reach.

= The transport capacity in Reaches 4A, 4B, and Sisparable to Reaches 7 and 8, indicating
these reaches may be close to approaching a bdlathween bed material delivered from upstream
reaches and transport capacity.
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Notable observations from Figure 5-10 include:

= For the selected flood flows, the transport capeih Reach 8 are slightly less than the transport
capacities in Reach 7.

= The transport capacities in Reach 2 are relatiligig, likely due to the lack of woody riparian
vegetation through the Aliso Creek golf course.c©flows access the overbank areas, the managed
turf and landscaping provide considerably lesstaste compared to the dense vegetation through
the Aliso and Wood Canyons Wilderness Park.

= For floods with peak flows exceeding the peak ffowthe 2-year recurrence interval, Reaches 2,
5A, 5B, 5C, and 6 exhibit bed material transpodrelteristics most different from Reach 7. If not
for the controlling influence of clay outcrops, beck outcrops, coarse plugs, and coarse riffleseh
reaches would be the most susceptible to fututisiorc

5.4.2 Annual Bed Material Loads

As described in Section 5.3.1, the flow duratiorveufor the effective discharge calculation was
developed by fitting triangular-shaped hydrograghthe scaled up peak flows and runoff volumes in
Reach 7. Average 15-minute flow rates were caledl#or the duration of each hydrograph, so these
flows were used with a sediment rating curve scaelb minutes to calculate the bed material
transported by each flood. Summing up the loachfeach storm provides another method to estimate
the annual bed material load delivered from the®\Creek watershed. Some assumptions for this
analysis are: 1) the hydraulics of Reach 7 havenesadl fairly constant since water year 1992, 2ok
material gradation has not changed appreciably thveperiod, and 3) the bed material load transpor
through Reach 7 is a reasonable approximationeoloidd delivered to the Pacific Ocean. The first
assumption is reasonable due the stabilizing infteeof the ACWHEP diversion structure installedhe
early 1990s. The second assumption is supporteldebgimilarity in the gradation of bed material
samples collected between 1980 and 2009. Thedbsdmption is not valid given the massive
degradation of the channel below ACWHEP over teisqa, but the channel contribution is not included
in the loads calculated using the methods basegplamd yield Thus, for the purpose of comparing to
the upland based loads, the third assumption soredble. The annual bed material loads are
summarized in Table 5-11.
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Table 5-11. Annual Bed Material Load Transport through Reach 7

Annual Bed
Number of Annual Flood Annual Peak Material Load
Water Year Floods' Volume (ac-ft) Flow Rate (cfs) (tons)
1992 6 8,420 6,990 56,200
1993 11 33,26( 4,110 188,000
1994 8 3,360 980 13,400
1995 15 23,290 4,840 138,000
1996 0 0 n/a n/a
1997 6 3,140 1,230 12,800
1998 20 32,14( 8,610 188,000
1999 n/a n/a n/a n/a
2000 6 3,570 1,710 15,800
2001 6 6,150 1,200 26,700
2002 1 190 370 610
2003 10 11,90( 1,760 58,300
2004 6 1,54Q 770 5,500
2005 17 37,11( 5,250 234,000
2006 6 3,560 1,670 15,100
2007 6 1,700 770 6,300
2008 10 6,640 2,330 34,200
AVERAGE 9 11,730 n/a 66,200

T missing data from July 1 through December 31

2 missing data from January 1 through June 30

% entire water year missing from electronic archives

4 floods having peak flows greater than or equahi® 1.1-year recurrence interval flood
n/a = not applicable

As presented in Table 5-11, the annual bed mateddltransported through Reach 7 has varied frbtn 6
to 234,000 tons, with an average annual value @f0&6tons. This range and the average value are
consistent with the range and recommended valuggeddrom the upland based approaches (i.e., range
of 1,000 to 200,000 tons per year and recommendecge of 20,000 to 60,000 tons). The average
value of 66,200 tons correlates to an effectiverdisge of approximately 750 cfs, which falls witkiire
calculated range of effective discharges. Thuesréisults of this approach provide further supfmthe
validity of the other estimates of the range anerage annual bed material loads transported frem th
Aliso Creek watershed.

Plotting the values from Table 5-11 of annual bedenal transport capacity as a function of theuahn
flood volume produces the relationship illustraieéFigure 5-11. As is expected, bed material fparnts
capacity is exponentially related to the annuadl@olume.
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6.0 FUTURE CHANNEL MORPHOLOGY

The Baseline Conditions documented in the revis&Hl Appendix (USACE 2009) suggest the
possibility of further degradation of the bed angs@n of the banks of Aliso Creek, particularlytlie
reaches below the ACWHEP diversion structure. dtedin that appendix, factors such as bedrock
outcrops and channel widening may limit the futtegradation of the bed, and these factors were
recommended for further analysis during the No éctilternative for the F4 milestone. Consequently,
one of the primary objectives of this geomorphigeasment is to provide a rational basis for the
prediction of future conditions under the no-actuan. A geomorphic model was developed to support
this objective.

6.1 ALISO CREEK GEOMORPHIC MODEL

The vertical degradation and widening of Aliso Grgmarticularly the reach between the SOCWA
Treatment Plant and the AMWA Road bridge, is doauee through historical analyses of aerial
photographs and surveys. This degradation cawmiggled with a conceptual Incised Channel Evolution
Model (ICEM) to understand what, if any, future ogas in channel morphology are expected. The
development of the watershed has increased thedney, magnitude, and volume of stormflow runoff,
while concurrently decreasing the yield of uplaadisient. These changes initiated stages of
downstream-progressing bed degradation and subsiechennel widening in Aliso Creek. In
conjunction with the discontinuity in sediment tsaort associated with the early 1990s constructfon
the ACWHEP diversion structure, the incision andeming downstream of the structure are especially
pronounced. As the channel incises and decrelasdset slope and initiates bank instabilities taatilt

in channel widening, the net result is a lower llisge per unit width of the channel (i.e., unictesrge).
The sediment transport capacity of the channatéctdy proportional to unit discharge, so as thé u
discharge decreases, vegetation can establishessidtpvhere transport capacity is no longer sigffitc

to mobilize the bed materials. The newly-estaklistiegetation provides hydraulic resistance, argati
backwater during floods that forces flow and susigersediment into overbank areas where riparian
vegetation enhances retention of suspended mateialilding of the overbank areas through this
deposition leads to the development of a new, stelithnnel and inset floodplain within the histdrica
floodplain/current terrace.

In Aliso Creek, one of the key questions is whetheaher vertical degradation is expected or whethe
channel is beginning to establish a new, stableohwogy. Observations made during October 2009 and
February 2010 (after the January 2010 flood witlestimated recurrence interval of 25-years) indicat
that Aliso Creek downstream of the ACWHEP structareeginning to stabilize. Key field observations
include the stability of coarse gravel and coblilmg'riffles after the major January flood evehg t
establishment and persistence of tules and cattéh these plugs/riffles, the lack of woody disbr

jams (indicating woody vegetation was not uprogtadyl the presence of sand splays and deposition in
overbank areas. A basic geomorphic model of fusystem behavior was developed on the basis of
these field observations and knowledge of incidethoel dynamics as reviewed in Chapter 3.

The model is based on the concept of incipient @moti the condition that occurs when hydraulic ferce
that can mobilize bed materials are just balangetthé forces resisting motion. This concept can be
quantified through a ratio of the grain shear st(es., the portion of the total shear stressgatinly on
grains in the bed of the channel) divided by thitcad shear stress for a particular size bed rnater
When this ratio is greater than one, the bed nasecan be mobilized and bed degradation can occur;
ratio values less than one indicate stable bedrialte
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Historical information from the past few decadeavailable to represent channel geometry and g sl
required to calculate grain shear stress, andrfdatsediment gradation data allow for calculatidn
critical shear stress. For example, approximeB8ely feet upstream of the Wood Canyon Creek
confluence, five historical geometric surveys arailable between 1967 and 2006 (Figure 6-1). Bed
profiles are available for these same five periddistorical bed material gradation data are fareno
limited, but some simplifying assumptions are appgde for testing the geomorphic model. While the
grain shear is proportional to grain size, theaaitshear, which is also directly related to grsie, is
more sensitive to changes in grain size. Thudewhéreasing the size fraction of interest maydéase
the grain shear stress, it will definitively incseahe critical shear stress, with the result baingduction
in the ratio of grain shear to critical shear streBed material samples collected in 1980 noted th
presence of well-rounded pebbles and cobbles @p2anm (6 in) in diameter (Southern California Soll
and Testing, Inc. 1980). If the critical sheaessris calculated using the¢bf 152 mm, and the ratio of
grain shear to critical shear exceeds a value ef(oa., these cobbles are mobile), then it isoealsle to
expect that all smaller size materials are alsoilmosllowing for bed degradation. Converselythié

ratio is less than one for a smaller size frac{eg., dy), it is reasonable that all larger sizes are also
stable.

Figure 6-1 illustrates the progressive changefamoel geometry of Aliso Creek near the confluence
with Wood Canyon Creek between 1967 and 2006. hawvs in this figure, it is clear that the channel
underwent substantial degradation from 1967 to 1B@8relatively minor changes from 1998 to 2006.
Considering these observations, the critical skgass was calculated for the estimatggaf 152-mm
cobbles for the first three periods, and for amesed dy of 56-mm gravels for the latter two (based on
pebble count data collected in 2009). The gragaskvas calculated for each period using a normal-
depth assumption with bed slopes calculated fratotical profile data.
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Figure 6-1. Aliso Creek channel geometry 300 feepstream of the Wood Canyon Creek confluence
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The calculated ratios of grain shewgy) to critical sheart) are presented in Figure 6-2. Values of grain
shear were calculated for the largest flood evemediately prior to the individual surveys, whichaill
cases was approximately equal to or exceeded tive @bannel capacity at that time.
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Figure 6-2. Geomorphic model for Aliso Creek

As is expected based on measured changes in chgeuomaktry, the coarsest size fractions in the bed
(i.e., 152-mm cobbles) were mobile in 1967, 197d 8994. In response to the reduced upstream
sediment supply, the channel incised and widenecteasing the unit discharge, and decreasing satlime
transport capacity. By 1998, not even thg(de., 56-mm gravel) was mobile — applying the azpt of
equal mobility, this indicates the entire gradatidrthe coarse riffles and plugs was stable. Tecase

in the ratio from 1998 to 2006 is due to a localiz@crease in bed slope, but the 2006 ratio stilidates
continued stability of bed materials. The constwesbias of this comparison (i.e., mobilizationté
coarsest size fractions in 1967 to 1994, and #tabi the d in 1998 and 2006) indicates that the
historical vertical degradation of Aliso Creek etvicinity of Wood Canyon Creek will not continue.
This conclusion is in agreement with recent fidbdervations, and is supported by conceptual ICEMs.
The results at this location are representativ@todr locations within the study area based on the
consistency in surveyed channel geometry betwe88 48d 2006 (Figures 3-11 through 3-14), and
progressive flattening of bed slopes due to inoigkigure 3-10). Further, since the grain sheasst
values for 1998 and 2006 were calculated for a flat® approximating an annual exceedance probabilit
of 0.02 percent (i.e., the 500-year recurrencevmatdlood), and given that current levels of watexd
development are near built-out conditions, it iSkety that future hydraulic conditions could letd
substantial increases in grain shear stress.
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The results of the application of this basic maafdded material mobilization capacity in Aliso Ckee
support the hypothesis that vertical degradatiath@fchannel is not expected to continue; rather, t
channel will begin to form a new, stable morpholagyl inset floodplain. The future potential for
vertical degradation will remain in check becaulthe influence of the bedrock exposures and thg9l
and riffles formed of gravels and cobbles thatem®entially immobile. Sands and fine gravels dhat
episodically transported down Aliso Creek will scand deposit between these stable grade controls
causing fluctuations in bed elevation, but the ciord influence of the man-made and natural grade
controls are expected to prevent systematic, pssgre degradation in the future. However, the clay
outcrops that are currently providing vertical cohare eroding, albeit at a slower rate than wadd-
cohesive sands and gravels, and future channelholagy upstream of these controls is susceptible to
limited future incision.

6.2 APPLICATION OF INCISED CHANNEL EVOLUTION MODEL (ICE M) TO
ALISO CREEK

Within the framework on which ICEMs are based, gigefficient time, incised channels are expected to
progress through stages of bed degradation andhehardening to establish a new, stable form inset

the incised channel. Reaches that are in Clasisrdugh IV will undergo changes until reaching<la

VI — unless external factors affect the abilitytloé channel to self adjust. In Aliso Creek, thasslof the
ICEM developed by Schumm et al. (1984) and Harved/\Watson (1986) was assigned to each of the
geomorphic reaches based on existing conditiomgs& assignments were used to understand expected
changes in future morphology. Table 6-1 summatizesxisting ICEM classes.

Table 6-1. ICEM Class for Existing Conditions

Reach Number ICEM Class
1 n/a
2 n/a
3 VI

4A \Y
4B \Y
5A \Y
5B V —-VI
5C VI
6 \%
7 VI
8 \Y
9 \%
10 n/a
11 vV
12 VI

n/a = not applicable

Reaches in Class Il are expected to continuedisénuntil the bank heights become so steep that th
banks become geotechnically unstable. Bank fadapeirs when the bank height exceeds the critical
bank height (Little et al. 1981; Watson et al. 1988/hen the banks are steep, slab or wedge failure
predominate (Class IV) and as the bank angle isesyuently reduced, deeper seated slump failures
predominate (Class V) (Lohnes and Handy 1968; Haavel Watson 1986; Thorne 1988; Thorne 1999;
Simon and Darby 1999). The channel widens asult r@Sfailure of the excessive bank heights (GCéass
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IV and V), and ultimately aggrades (Class V), at which point an equilibrium channel reflecting a dynamic
bal ance between sediment supply and transport capacity has formed within the over-widened channel
incised in the valley floor (Class VI). Reaches 5A and 11 are the only geomorphic reachesin Class V.
This classification was assigned primarily because of the ongoing incision through the clay exposuresin
the bed. While currently controlling the grade of the reach, these clays are susceptible to continued
incision.

6.2.1 Ultimate Degradation Bed Profiles

Other than reaches categorized as Class 1V, the expectation is that future bed profiles will exhibit average
slopes similar to the existing slopes. To estimate an ultimate profile of the thalweg through the Class IV
reaches, the rates of incision into the clay were applied to equilibrium/non-eroding slopes. Historical
thalweg profiles were compared to the elevations of clay units mapped in borings DY B-3, DY B-6, and
DY B-8 (Figure 3-4) to estimate the historical rate of incision into the clay units. The range of incision
ratesis 0.4 to 1.3 feet per year. The existing bed slopes were compared throughout the study reach, and
due to the approaching stabilization of the longitudinal profile, average slopes of the geomorphic reaches
range from 0.25 to 0.55 percent. The low end of this range is from the somewhat aggradational reach
upstream of the ACWHERP structure whereas the upper end is from the coarse riffle and coarse plug
dominated reach immediately downstream of the ACWHEP structure. Removing these values from
consideration, the mgjority of the geomorphic reaches exhibit average bed slopes between 0.30 and 0.45
percent. Thus, the expected range of non-eroding average bed slopesis 0.30 to 0.45 percent.

From the low spot in the channel just downstream of the downstream end of Reach 5A (approximately
RM 2.75), future incision through the clay exposuresin the bed is expected to progress at an average
annual rate of 0.4 to 1.3 feet per year until the average bed slope reducesto 0.45 to 0.30 percent. This
incision will likely be checked at the upstream end of the reach where boring DY B-7 shows bedrock at
the existing channel bed elevation. It is assumed that the bedrock will prevent incision from propagating
upstream, and then a drop over the bedrock exposure will form. The magnitude of incision immediately
downstream of the bedrock was calculated to be 1.1 feet for a 0.45 percent non-eroding slope and 4.1 feet
for a0.30 percent non-eroding slope. Given the calculated rates of incision through the clay units, and
assuming future hydraulic conditions are similar to recent past conditions, the expected degradation may
occur in approximately 1 to 10 years. Once the non-eroding slope is reached, no further degradationis
expected. The ultimate degradation profilesin Reach 5A are shown in Figure 6-3.

Knickpoints in clay outcrop exposure in the bed were observed in Reach 11 upstream of approximately
RM 6.1. Aswith Reach 5A, future incision through the clay is expected to progress at an average annual
rate of 0.4 to 1.3 feet per year until the average bed dope reduces to 0.45 to 0.30 percent. Thisincision
will be checked at the upstream end of the reach by the grouted riprap grade control structure protecting
the Joint Regional Water Supply System pipeline crossing of the creek. It is assumed that the grade
control will be maintained and will prevent incision from propagating farther upstream. The magnitude
of incision at the toe of the structure was calcul ated to be 0.8 feet for a 0.45 percent non-eroding slope and
3.0 feet for a 0.30 percent non-eroding slope. Given the calculated rates of incision into the clay units,
and assuming future hydraulic conditions are similar to recent past conditions, the expected degradation
may occur in approximately 1 to 8 years. Once the non-eroding slope is reached, no further degradation
is expected, therefore the profiles are the same at 25, 35, and 50 yearsin the future. The ultimate
degradation profilesin Reach 11 are shown in Figure 6-4.
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6.2.2 Expected Lateral Adjustments

Reaches in Classes IV and V are widening, and megtrated in the geomorphic model presented in
Section 6.1, will continue to widen until the udischarge decreases to the point that mobilizaifahe
gravels and cobbles in the bed is limited. Duthgwidening, soil will continue to be input to #di
Creek until the bank angles become geotechnictdlyles In many reaches, the channel appears to be
sufficiently wide to accommodate flows up to thelpef the 100-year recurrence interval flood,;
however, the banks still remain overly steep arataggnically unstable. In some locations, the slab
failures and mass-wasted materials observed in idbee 2009 at the toe of the terraces were mobilized
and transported through the system during the Ja2@4 0 flood. Unless this material can remain in
place long enough to vegetate and accumulate muffig, the effective height of the bank does not
decrease, failures will continue, and the chanriéwiden (at least at the top of the banks, if abthe
bank toes). It is important to note that the falmechanism of the banks along most of Aliso Cisek
not hydraulic; rather, saturation and associatedegtinical instability is driving the bank failures
However, the removal of the slumped material istdugydraulic action. Many reaches in the studaar
exhibited classical conditions associated with €M®f the ICEM. The bank slumping associated with
these reaches presents a threat to the vegetatiomabitat on the abandoned floodplain/terraceninre
importantly, could compromise the AMWA Road or ganitary sewer pipelines flowing to the SOCWA
treatment plant. Since the bottom width of thésed channels appears to be great enough that unit
discharges are no longer high enough to mobilizeseobed materials, stabilization of the banks is
possible without negatively affecting the natunagression of the channel morphology to Class VI.

Figure 6-5 illustrates trends in channel width lblase the cross section survey data plotted in EigGr

11 through 3-14. The distances between the toksbainthe terraces were measured from the historica
data to demonstrate the changes in channel widtleae selected locations over the past few decddes
general, this figure shows that channel width rexaifairly constant until the mid 1980s, increased
through the late 1990s, and the rate of widenirggsiace decreased. This generalization fits viiéh t
categorization of much of the study reach into €Msand VI of the ICEM. The decrease in the rdte o
widening since 1998 reflects the change from hylirally driven widening processes to geotechnically
drive processes. This does not mean that furtigening will not occur; rather, that the widenirgg i
expected to occur episodically as saturation aategénical instabilities result in bank slumpingl am
associated increase in width.

Reaches in Class V and VI are aggrading reachersevte sediment transport capacity has decreased to
the point that material eroded from the banks ramat the toe of the bank and deposition of susaend
sediments occurs on the inset floodplain. The si¢ipa at the toe of the banks effectively decredbe
height of the bank, decreasing the amount of enagiquired for the bank to reach a geotechnic#dlgle
angle. The deposition on the floodplain allowstfe development of a new active channel in the bés
the incised channel. A key distinction of Clasand VI reaches from other classes in the ICEMas th
they are sediment sinks instead of sediment soutdasl| the channel reaches a dynamic equilibrium
between sediment supplied to the reach and sedimagsiport capacity within the reach, sediment will
deposit on the inset floodplain such that the rRpbé of sediment from the reach will be less tttan

supply delivered to the reach. This pattern ofatied sediment production during incision and widgn
followed by reduced production due to the end oision and widening coupled with sediment storaige i
the widened channels has been documented throypghiental studies and field observations (Schumm
et al. 1987; Gellis et al. 1991; Simon 1989; Hargewl. 1987). Once Class VI channels aggradeeto t
point of dynamic equilibrium, the sediment trangpdifrom the reach will balance the sediment seppli

to the reach. Reaches 5C and 7 most clearly tyoifiglitions associated with Class VI reaches, dinly
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well vegetated banks, low bank angles, and thelderent of alternate bars in the newly formed activ
channel.
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7.0 SUMMARY AND CONCLUSIONS

This geomorphic assessment of Aliso Creek betweeacific Ocean and Pacific Park Drive was
conducted to provide a rational basis for predicfirture channel conditions under the no action.pla
secondary benefit of this objective is that esshintig these conditions provides a basis for inétipg
upcoming hydraulic engineering work associated withcomparison of alternative restoration plams fo
the study area.

7.1 SUMMARY

The assessment of hydrologic conditions showedddaing appreciable changes in future climatolaigic
conditions, developable area in the watershedagybuilt out and future hydrologic conditions il
likely be similar to existing conditions. One hgtirgic component that may change is the magnitdide o
summer base flows. The existing baseflow sup@odsnse corridor of riparian vegetation along the
inset floodplains of Aliso Creek. If efforts ararpued to eliminate all dry weather discharge$i¢o t
creek, baseflow will likely decrease. This dececesuld affect the existing vegetation, and mayrarar
further studies of the depths to shallow groundwaiel its ability to sustain the existing vegetatimder
drought or future reduced baseflow conditions.

The evaluation of the geology in the study areaatad that the nature and distribution of bed riater

in Aliso Creek below the ACWHEP structure is heauilfluenced by historical landslides that lead to
blockages of the creek, formations of upstreamda&ad deposition of clay layers. The clay layees
evident in the convex toe of the streambanks thrangny reaches of the study area. The presertbe of
clay in the banks governs the bank strength angdhential for failure and widening. Faulting mas
responsible for the presence of bedrock at thevémaklevation near RM 1.6 and RM 3.1; these bedrock
exposures serve as natural grade controls. Callinputs to the valley bottom have provided an lemp
supply of gravels and cobbles to the creek, abdtairy/gulley confluences continue to be sources of
coarse material.

The geomorphic classification of reaches withinghaly area provided a framework for understanding
the historical factors that shape existing morpggl@nd the potential for future changes in morpbypl
Historical changes to channel profile and cross@egeometry document a relatively progressive
reduction in slope and increase in width — withd¢benbined result being a reduction in unit discharg
and sediment transport capacity. Refinement og#wemorphic reaches also allowed for more
appropriate calculation of reach-averaged hydrauditditions.

The calibration of the hydraulic model for Alisogek provided a greater level of confidence in the
model output. These outputs were weighted by istances between cross sections to calculated-reach
averaged hydraulic parameters within the geomong@ches. These hydraulics parameters served as
inputs for the analyses of bed material mobilitihe average bed slopes were used to establishnige r

of expected future equilibrium/non-eroding slopes.

The sediment supply and bed material transportinvitie study area were evaluated to characterize th
balance between these two processes and theierraduon channel morphology. The sediment supply
was calculated using multiple approaches, whiaiemeral indicate that the range of bed material
supplied from the Aliso Creek watershed to Alis@a8eranges from 1,000 to 200,000 tons per yeal, wit
an average annual load of 20,000 to 60,000 tomhgs ringe is somewhat greater than the previously
calculated average annual load of 15,300 tons (US2@09) due to the more refined methodology
applied in this study. The gradations of bed aswakimaterial samples collected since 1980 showtlieat
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valley fill into which Aliso Creek has incised cairis up to 75 percent silts and clays (i.e., waal),

but that the remaining material includes enoughiseogravels and cobbles, that due to sorting and
concentration over time, have now formed relativelynobile grade natural grade controls. Analydes o
incipient motion confirmed that existing hydrautienditions are incapable of mobilizing cobbles, but
that gravels may be susceptible to mobilizatidalés and cattails do not persist. Since futuidrawlic
conditions are expected to be similar to existiogditions, these coarse materials are expectezhiain
immobile. The effective discharges in the Alise€k were calculated as 260 to 1,100 cfs. Thiseaang
was verified against observed geomorphic featuods lppstream and downstream of the ACWHEP
structure. The reach-averaged bed material trahesgpacities were compared to effective discharges
and selected flood flows, and the annual bed nateads for water years 1992 to 2008 were caledlat
The results compared favorably with the load cal@d from the effective discharges and from the
upland based methods.

A geomorphic model was developed and tested taexfie potential for future changes in channel
morphology. The model confirms that future veit@djustments to the bed profile are expected to be
limited because the widened channel and decredsathel slope have decreased unit discharge and bed
material transport capacity and the concentratfaoarse pebbles in riffles and plugs has incredised
critical flows needed to mobilize these materialsvo location of probable future bed degradatiomene
identified were the channel bed is incising throafgty exposures. At both locations, the maximum
incision was calculated to be on the order of thogfeur feet, with the degradation occurring withi
approximately 10 years (assuming hydraulic condgiare similar to the historical conditions). Tigh
application of an Incised Channel Evolution Modeture bank erosion and associated increases in
channel width can be expected in Class IV and ¢hes. As this erosion occurs, sediment introdeced
the system will deposit on the inset floodplairgreasing the capacity of the active channel, likelyard
the upper range of the calculated effective diggdar Unless the banks are stabilized, the widenitg
continue until a stable bank angle is reachedthAsnset floodplain aggrades a net reduction dinsent
delivered from the watershed can be expected. rdisens made in October 2009 and February 2010
confirmed the abundance of sand splays on the flogetplain, indicating the aggradation process has
already started in some reaches.

7.2  CONCLUSIONS

The following conclusions are based on the regdlthis geomorphic assessment:

= Compared to conditions during 1970 when the wagststas approximately 10 percent
developed, future upland sediment supplies willaemeduced due to erosion resistant land covers
associated with development approaching fully kit conditions.

* Due to nearly built-out development conditionsyéhis low potential for future land cover-
induced changes to the flood regime; althoughstimemer base flows could be reduced as a result of
elimination of dry weather discharges

= The floodplain in the valley bottom between SOCWHA ACWHEP as recently as the 1980 is
now an abandoned and hydrologically-disconnectedde.

= Under the No Action Plan, continued loss of thedmisal riparian corridor will continue due to
bank erosion and channel widening. This lossmdgtloccur in a gradually progressive manner;
rather, episodic changes will occur in responsedfr flood events. The morphology of Aliso
Creek will lurch from catastrophic flood to catagthic flood until the channel width and reduced
sediment transport capacity enables geotechnistllyle bank angles to form.
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= System-wide continued upper bank failure is toXygeeted through much of the study reach;
however, field observations suggest that massefd&ignk materials are not consistently being
removed from the base of the bank by fluvial entreént. Retention of the failed blocks is enhanced
by the high density of the riparian vegetation.cémtrast, where the channel locally impinges again
the base of the terrace, continuing erosion amdaebf that bank can be expected.

= The supply of bed material to Aliso Beach has katificially elevated over the past two to three
decades as thousands of year’s worth of alluvidlatiuvial sediment has been excavated from the
valley fill. Likely this increase in loading hasasked the reduction of sand supplied from upland
sources due to development of the Aliso Creek \shest.

= In light of the relatively consistent, but slighflyogradational beach at the mouth of Aliso Creek,
it is likely that the steep shoreface indicatesttbach is and has been maintained at/near itsrigpldi
capacity since the 1920s (Everts Coastal 199He absence of a delta off the mouth of Aliso Creek
suggests this deficiency following high flow everstprobably due to the steep shoreface (USACE
1996). The apparently narrower beaches of theewnéh century imply that watershed contributions
before the advent of intensive ranching and devetoy were less than the supply between 1927 and
1984. Aliso Beach is one example where less sa®dpresent in the 1920s than 1981. Since the
watershed supply of sand is the greatest sourteetbeach, reductions in the sand supply due to
development, stabilization of eroding channels, aggradation of inset floodplains may result in a
beach similar in morphology to the 1920s. Furstadies would need to be conducted to confirm
this hypothesis.

= The potential for future vertical degradation ofsél Creek is limited, except in a few locations
where incision into clay outcrops is ongoing (iapproximately RM 2.9 and RM 6.1). The creek is
currently hung up on these outcrops, but futuresiao is expected to be no more than three to four
feet, an amount that should occur in no more thpgmaximately 10 years, assuming future hydraulic
conditions are similar to past conditions.

= The expected vertical stability of Aliso Creek viiitithe study area is highly dependent on the
preservation of the existing grade control functibthe ACWHEP structure. It is imperative tha th
grade control function be maintained to avoid wptead degradation of Aliso Creek. Other man-
made grade controls also need to be maintaineckt@pt future degradation.

= Due to the approaching stabilization of the longjibal profile within the study area, the existing
average slopes of the geomorphic reaches of 0.@%%percent (13.2 to 29.0 feet per mile) represen
the expected range of equilibrium/non-eroding stopthe low end of the range is taken from the
reach above the ACWHEP structure, which is somewafgtadational; the upper end of the reach is
taken from the coarse riffle and coarse plug doteshaeach immediately downstream of the
ACWHEP structure. Within this overall range, thajarmity of the geomorphic reaches exhibit bed
slopes between 0.30 and 0.45 percent (15.8 tof@dter mile) — a range better representative of
non-eroding slopes within the study area.

= Aggradation of the inset floodplain will continug the active channel increases its conveyance
capacity to better match the upper end of the tatled effective discharges (approximately 1,100
cfs). This flow rate may be an ideal design patamghould any instream restoration measures be
considered in the restoration alternatives.
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O.C. sewage spill costly for water district
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RANCHO SANTA MARGARITA — A decision is expected next month on a plan to relocate a Santa Margarita
Water District pipeline that ruptured in 2010, sending nearly 2.3 million gallons of untreated sewage into three
south Orange County creeks, some of which made it to the Pacific Ocean.

The spill was one of the five largest in Orange County in the past decade, according to state and county
records. It forced the closure of a stretch of Dana Point coastline for six days, and has so far cost the district
$2.3 million in repairs, fines and environmental mitigation efforts. Another $1.3 million has been set aside to
relocate the pipe, which runs under Tijeras Creek near a sports park.
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This image shows the 69-inch long perforation in a
section of the force main that ran from the Plano Lift
Station, under Tijeras Creek and up to another set of
pipes that leads to a wastewater treatment plant.
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Spill by the numbers

+2.293 million gallons of raw sewage that spilled
from a ruptured pipe into Tijeras Creek

The realignment of the pipe is part of a settlement
agreement between SMWD and the San Diego
Regional Water Quality Control Board, which
governs south Orange County. The board
determined the spill violated regional, state and
federal regulations.

An initial fine of $1.73 million was proposed,
based on factors such as how much sewage
spilled, the potential for harm to the environment
and history of violations. The amount was
reduced to $890,000 after the district provided the
results of its investigation.

Half of the fine was paid into a state cleanup
fund. The rest is going toward an environmental
project and the pipeline relocation.

For the environmental project, SMWD is spending
$140,000 to support the removal of invasive
artichoke thistle, and restoration of coastal sage
scrub and native grassland habitats in Bell
Canyon at the Audubon Starr Ranch Sanctuary,
work that must be completed by October,
according to the settlement.

The remaining $305,000 must go toward the
pipeline relocation, which depending on the
alignment has an estimated cost of $900,000 to
$2.3 million. The money is coming from the
district's capital replacement reserves, a fund
replenished annually to cover infrastructure
replacement and emergencies. Water rates won't
be affected, SMWD Chief Engineer Dan Ferons
said.

THE SPILL

Wastewater travels to treatment plants under
force of gravity. Along the way, lift stations pump
the sewage through pressurized force mains to
pipes on higher ground so it can continue on its
way, again by gravity.

Just after 4 p.m. on March 23, 2010, an alarm
alerted a district employee to a pressure problem
at the Plano Lift Station on Antonio Parkway. The
leak was discovered in a 24-inch diameter force
main that runs from the station, under Tijeras
Creek and up to another set of pipes heading to
the Chiquita treatment plant. The leak was in a
portion of the force main going up the east side of
the creek.

http://www.ocregi ster.com/arti cles/pipe-340997-spill-force.html
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«1.4 million gallons recaptured and returned to
sewage system

SMWD called other agencies and four
commercial pumping companies for help.

+$890,000 fine by the regional water quality control
board

Sewage upstream from the spill was diverted to
other treatment facilities or intercepted and
pumped into other sewer systems. County
workers built a berm to contain the spill, though
about 870,000 gallons is estimated by water
quality officials to have reached the beach. Crews
worked in 12-hour shifts to minimize flow to the
station, repair the break and prevent more
sewage from reaching the ocean.

10 agencies aside from SMWD involved in
response to spill

+78 hours from start of spill to repair of pipe
6 days of beach closures in Dana Point

Source: SMWD investigate report . .
By 8 a.m. March 27, the pipe was repaired, and
final cleanup began. Sewage trapped by the
county berm continued to be pumped back into
the sewer system for three more days.

THE DAMAGE

When engineers examined the 7-foot section of pipe removed during the repair, they discovered something
unusual. The 21-year-old pipe, which has a 50-year life, had eroded from the inside out, according to a report
by V&A Engineering.

Small rocks, pennies, nails and screws that should have been pumped up and out of the force main weren't.
Instead, they were being forced up and down the pipe by the lift-station pumps.

They had been abrading the pipe's lining for some time, which peeled away, exposing the metal to further
abrasion and corrosion from the wastewater. The result: a 69-inch long perforation and a massive sewage spill.

The break was atypical, according to Jeremy Haas, environmental program manager for the San Diego board.
The agency usually sees situations where pipes near creeks break because they were exposed from erosion
by storm runoff, Haas said.

The impact to the environment appears to have been minimal, according to several post-spill reports.
Contaminants that spiked in the creeks during the spill dropped significantly within two weeks, and the
groundwater system was not affected.

The most damage was to the slopes and habitats by the station where the pipeline was excavated and
repaired, and at the berm. That damage is being reduced and monitoring is ongoing.

The water quality board cut the fine in half after SMWD showed the berm minimized much greater harm to
downstream waters, and that the district could not have reasonably expected the pipe to be corroding from the
inside since it was well within its life expectancy.

THE FIX

The district is looking at three alternatives to relocate the force main, Ferons said. The first would be to run the
pipe down Antonio Parkway, attach it to an existing roadway bridge, run it northeast next to Cafiada Vista Park
and reconnect it with the existing force main. The second and third options involve a suspension or pedestrian
bridge over the creek, to which the force main would be attached

The district has discussed the options with officials from the county, the city and the city's largest homeowners
association, all of which have land that will be affected, Ferons said. The next steps include preliminary
environmental analysis of the options, selecting one and preparing final design plans, and bidding and
constructing the project, which must be completed by October 2013.

Contact the writer: 949-454-7377 or choucly@ocregister.com

Related:

* Beaches reopen after sewage spill
* GRAPHIC: What happened when the lift station went down
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Modeling the Regional Economic and
Social Impact of Marine Pollution in
Southern California

Principal Investigators: Michael Hanemann,
, and David Layton

Participating Universities: University of California at
Berkeley, , University
of California at Davis
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Sponsoring Agencies:
. = Federal
: 2. National Oceanic and Atmospheric Administration (Damage
Assessment and Special Programs)
2. Minerals Management Service
2 State
: 3 2 State Water Resources Control Board
& 2. California Department of Fish and Game (OSPR)
&\ = Regional
4 2. Santa Monica Bay Restoration Program
2 Southern California Coastal Water Research Program

Research Goals:

@ Develop a Model of Beach Choice,
incorporating:
2. Travel and Time Costs (and expenditures)
2. Beach Amenities
2. Water Quality
2. Substitution Possibilities (Time & Space)
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Research Goals:

@ Determine the Economic Impact Due to:
2. Changes in Water Quality
4. Beach Postings
7. Beach Closures
2. (Amenity Management)

Research Goals:

® Measure Economic Impacts on:
2. The Well-being of Beach Goers
2. Local Expenditures
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~t The Essentials:

o/’  Beach Inventories
&, = Screener Survey
% Year Long Panel Survey

7 Year 1: Focus on beaches from San Onofre to
County Line Beach

7. Year 2. Extend focus north to San Luis Obispo

A& An Inventory of Beach Attributes:
2 Gls




Beaches Covered

Counties
In Stage 1

Beaches Covered

From
Counties
added In

Stage 2

County Line
T

Santa Monica

T

Venice

T

Hermosa

T

Huntington

T

Newport
T

Laguna
T

San Onofre

San Simeon State
)

Pismo State

T

Goleta

T

Carpenteria City
T

La Conchita

0

Emma Woods State
T

Oxnard Shores
T

Thornhill Broome

1/22/2013
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An Inventory of Beach Attributes

start (south/west)  |channel island views (1/0) marina (1/0) ranger/lifeguard station

stop (north/east) commercial stores (1/0)  |oil pumps (1/0) rivers (1/0)
abut to natural area (1/0)  |concerts (1/0) oil rigs ) roadside parking (1/0)

beach access by foot (1/0) parking fee ($/day) |sandy/rocky

beach access from pier (1/0) showers (1/0)

parking lot (1/0)

beach access from street playground (1/0) sidewalk (1/0)

1/0) (km)

club (#) power/sewage plant  |stormdrains ()
(1/0)

beachfront housing (1/0) |dogs allowed (1/0) public faciliies (1/0) surfing )
beachside restaurant (#) [fire pits () public parking (1/0) tarballs (1/0)
bike/skate rentals (1/0) |fishing (1/0) public phones tidepools (1/0)
bikepath (1/0) harbor (1/0) public restroom (#) volleyball nets (#)

camping (1/0) lifeguard stations (#) Zl;g;ic transportation \(/;;I(;;:yball tournaments

I

(on
]
Q
o
=5

Beach Goers Covered:
Counties Surveyed

2, Stage 1: 22 Stage 2:
~ Los Angeles 7. Los Angeles
2 0 c 2. Orange County
2 Orange County # San Bernadino
7 San Bernadino 2. Riverside
2 Riverside 2 Ventura
2 Santa Barbara
4 San Luis Obispo



Preliminary Results: Screener
SIVAEY,

Sample Overview
Surveyed  Potential Participants  Accepted Participationin -~ Declined
(Beach Users) the Study Participation
1761 984 187 197
% of those
Surveyed 50.87 4469 11.19

% of Beach
Users NA 79.98 20.02

Screener Survey: Other Results

Demographics

Beach
Users in Beach Users Non-Beach
Study that Declined Users

Median Family $50-60000 $50-60000 $20-30000
Income

Percent Completed Each Level of Education

Less than 9" 2.1 4 4.8
9" to 121 4.2 3.6 6
HS graduate 19.2 18.8

Some college 34.6 30

Bachelor’s 249 26.9
Grad/Prof. 14.9 13.7
Declined 0.1 3

1/22/2013

Non
Users

1

44.12

NA
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(7 Preliminary Results: Panel Survey

Average Expenditures
st Tipin8/9  2nd Tripin 8/9  Weighted Average
2000 2000 Expenditure

observations 217 134

Parking $7.06 na $7.06
Food $12.73 $15.45 $14.09
Beach Supplies $2.17 $0.91 $1.54
Rentals $0.72 $0.77 $0.74
Fishing $0.07 $0.04 $0.05
Total Shopping $8.88 $7.07 $7.97

Average Total
Expenditures $31.63 $24.24 $31.47

Visitors to Beaches in LA and OC in 2000 80 million

Rough Estimate (Overestimate) of Expenditures $2.5 billion

Huntington City Beach Huntington State Beach

Spring  Summer Fall Spring Summer  Fall
1998 NA 3,193,008 815,827 381,898 1,497,542 431,645
1999 759,731 3,012,545 684,228 383,651 1,216,503 282,904
2000 1,102,640 2,939,177 623,030 317,768 1,233,953 249,605

Rough (overestimate) of lost expenditures
1999 -$8.84 -$6.45 -$13.77  -$7.29
2000 -$12.44  -$9.45  -$314  -$12.92  -$8.92

45% went to beach less, 14% stopped going to HB
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Preliminary Results:

7 The State of California and the Regional Water Quality Board are
currently investigating methods to clean up the coastal watersin Santa
Monica Bay and Orange County. Under the new program, beaches
might still be posted because of stormwater problems, but beach
closings from sewer spills would be eliminated in Los Angeles and
Orange Counties.

If the program is approved, it would be paid for by an annual sewer
surcharge. The voters would have to approve such asurcharge. The
sewer surcharge would cost a household like yours about $[ X 1] to
$[X2] per year, depending on the final design of the system. If the cost
was $[ X] would you vote for the program?

Results of the Willingness To Pay ?

$/year sewer Percentage Yes Percentage No
tax
$10 88% 12%
$25 86% 14%
$35 82% 18%
$50 4% 26%
$75 2% 28%
$100 66% 34%
$150 60% 40%




2 What The Model Will Do:

= 2 A Workable model that will predict and
&, value

7 Beach Visitation
2. Economic Well-being
2. Expenditures

AS For a variety of scenarios concerning
#1 changes in

2 Beach Amenities

2 Travel Costs

7. Water Quality
7 Beach Closures

1/22/2013
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Aliso Beach
Orange County, California
Annual Summary 2004

JO1P28 Interim Water Quality Improvement Package Plant BMP Agreement 01-227-55
Goals And Scope Of Project

The purpose of the project is to treat approximately 100,000 gallons to 150,000 gallons per day of dry-weather urban
runoff from Springdale Storm Drain to REC 1 standards and, thereby, improve the water quality in Aliso Creek and
at Aliso Beach. This project also includes an effort to educate the public about the need to clean up the environment.

Accomplished To Date

In 2002, the County of Orange contracted for the installation of a Clear Creek Systems, Inc. (CCS) package plant
treatment system.

The package plant treatment system has three main phases:

e  Sediment and debris removal
*  Qils, pesticides, and trace metals removal
¢ Disinfection

The sysiem began operation July 31, 2003.

Weekly monitoring of the CCS, Inc. treatment system indicates that it is capable of reducing the concentration of
fecal coliform geomean by 99% and has succeeded in reducing the contribution of pollutants to Aliso Creek.

The CCS system requires backwashing of the multi-media filter. The backwash water is discharged to the Moulton
Niguel Water District (MNWD) sanitary sewer sysiem. Discharging to the MNWD sewer system requires a
Nuisance Water — Special Wastewater Discharge permit (NSWD). The NSWD permit prohibits the discharge of
storm water into the sanitary sewer and the CCS system at JO1P28 is, therefore, deactivated during the storm season.

The retention basin upstream of the CCS was cleaned out during the quarter. The Organoclay media in two of the
five filtration tanks of the CCS were replaced at the end of July 2004.

Effectiveness In Reaching Goals:

The CCS treatment system has the ability to treat the influent to REC 1 standards. The effluent from the CCS system
is discharged into a natural pool at the storm drain outlet and from there it proceeds through dense vegetation less
than 100 feet to the confluence with the Aliso Creek. In this short distance the level of bacteria increases while
flowing through the habitat.

Two information signs were fixed to the CCS sysiem enclosure in an effort to help educate the public about waste
and how it impacts the ocean. Our operations and maintenance staff servicing the CCS system has received several
comments from the public such they are amazed how quiet it is, they appreciaie the effort to screen in the equipment
and they appreciate the effort to clean up the water.

Project Difficulties During The Past Year

¢ The equipment performs automatic backwashing of the multimedia filter and discharges the backwash 1o
the MNWD. Backwash limitations were repeatedly exceeded when the equipment was operating in the
automatic mode even after numerous attempts to clean the muliti media.

Solution: A request for an increase in the backwash was made to MNWD and the request has recently been
granted to triple the permitied backwash volume from 3,000 gallons per day to 10,000 gallons per day.

e The CCS unit has experienced a high number of down times due to various equipment controlled shut
downs.

Solution: The contractor has performed additional maintenance when notified and has replace parts on
warranty as needed. The storm drain outlet basin was cleaned out at the end of March 04 after the end of
the storm season and prior to restart of the equipment. Rerouting of the backwash piping was implemented
to allow for additional backwash of the Media filter.



®  Due to the dense vegetation at the outlet and at the Aliso Creek main-stem, effluent water is currently
ponding behind a dense mat of willow and mulefat roots and bacterial regrowth is accurring.
Solution: In phase two (2) of this project will be to open up a less obstrucied path to the creek for the
effluent.

¢ The facility is surrounded by dense vegetation and organic matter continues to accumulate in the storm
drain outlet basin. Clean up of the basin is difficult because of limited access.
Solution: A permit to expand the equipment access pad has been applied for through Department of Fish
and Game.

Conclusions And Recommendation

The Clear Creek Systems, Inc. system (CCS) is operating successfully and is reducing the coniribution of
coniaminanis to Aliso Creek. Changing the backwash procedure and allowing an increase in discharge of backwash
volume to the Moulton Niguel Water District has improved the performance of the CCS sysiem. The bacterial

regrowth in the habitat is a larger problem and beyond the intended performance of the CCS system.

Based upon the one year operation of the CCS system, it is recommended that the operation be continued.

Figure 1. Clear Creek System, Inc. package plant treatment
sysiem installation at the Springdale Siorm Drain outlet.

ZK TREATHENT & R oo WwATER DEsiaTS
= 1WE ZIONTY. OF ORIRRE AND SR WISV
WELR MERPNG AL CREEE AN 04

Figure 3. Discharge of effluent into habitat
down stream of the Springdale Storm Drain
outlet structure.

Figure 2. Educational Sign on the equipment
enclosure



Aliso Beach
Orange County, California
Annual Summary 2003

Aliso Beach is a popular south Orange County beach that averages 120,000 visitors per month
attendance for an annual total of 1,148,374 visitors. Aliso Creek drains a 35-square mile

watershed area that has experienced significant commercial
and residential development in the 20 years. Portions of the

Cities of Laguna Beach, Laguna Niguel, Aliso Viejo, Aliso g

Woods Mission Viejo and Lake Forrest all drain into Aliso *

Creek. Urban runoff, adverse water quality due to high °

bacteria counts, sewer spills and erosion all impact the

recreational value of the creek and its outlet at Aliso Beach.

Aliso Beach was closed an average of 16.5 days per year due
to contamination from broken sewage pipes, urban runoff and
stagnation of creek water (data provided by the US Army
Corps of Engineers Watershed Management Feasibility Study

for Aliso Creek). The AB 411 Posting Log for 1999, 2000 and 2001 is attached indicating

closures, postings and types and quantities of bacteria or other conditions

The County of Orange installed a “Clear Creek” treatment system at one of four possible
locations in Aliso Creek. The purpose of the “Clear Creek” system is divided into two phases.
Phase 1 is to treat water at all of the locations to a REC 1 level. A future phase IT project would
be to treat water at potentially two locations to a high purity level to reduce the total dissolved
solids TDS (salts). The high purity water would then
be blended with secondary effluent from a local
water treatment plant and used for beneficial reuse.

On July 30 at 4:00 PM the CCS equipment for the
JO1P28 CBI project was turned to auto and it is
considered in full operation. This will constitute
completion of the construction. The punch list is
considered complete. PH grab samples will be taken
daily. Training of PFRD staff was accomplished
July 30, and MNWD staff toured the site August 6,
2003. At this time the package treatment plant is

producmg ef uent at a REC- 1 level More monitoring will be required to demonstrate the

positive impact of this project on Aliso Beach water quality.

Task '?::k Product Completion Date
1.0 Project Management and Administration November 15, 2003
2.0 CEQA December 31, 2002
3.0 Quality Assurance Plan October 15, 2002
4.0 Planning & Design March 31, 2002
5.0 Project Construction October 15, 2002
6.0 Monitoring and Reporting December 15, 2003




SOUTHERN CALIFORNIA BEACH
VALUATION PROJECT

Economic Value and Impact of Water Quality
Change for Long Beach in
Southern California

untington City Beach

Images courtesy of Ed Hendricks
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Foreword

The Southern California Beach Valuation Project is a multi-agency partnership that was
initiated in 1998 by the National Oceanic and Atmospheric Administration (NOAA). In
the early 1990s, NOAA'’s Coastal and Ocean Resource Economics Program had
estimated single-site travel cost models for 10 California beach sites as well as 40 others
nationally using the Public Area Recreation Visitors Survey (PARVS). The results from
these efforts were being used in damage assessment cases due to oil spills and sewage
spills by California State agencies. Two major deficiencies were noted for single-site
travel cost models for these types of applications; 1) the models don’t account for
substitution to other sites and 2) the models can’t include the evaluation of changes in
water quality or other beach attributes.

In 1998, NOAA started the process of forming a partnership to develop a state-of-the-art
model to address the two above deficiencies. Two elements of NOAA’s National Ocean
Service joined the partnership; the Coastal and Ocean Resource Economics Program and
the Damage Assessment Center. From the State of California, three agencies joined the
effort; the State Water Resources Control Board, the California Department of Fish and
Game’s Office of Spill Prevention and Response, and the Southern California Coastal
Water Research Program. The Santa Monica Bay Restoration Foundation also joined the
partnership. These organizations were the original project partners. Later in the process,
the U.S. Department of Interior’s Minerals Management Service joined the partnership.

The project not only involved multiple funding partners, the Research Team also came
from multiple organizations. Many researchers have contributed to the effort since the
projects inception, including many students at the universities. The overall project
Principal Investigator was Professor Michael Hanemann of the University of California —
Berkeley. Dr. Linwood Pendleton was the Co-Principal Investigator and during the
project went from the University of Southern California to the University of Wyoming
and is now at the University of California — Los Angeles. Dr. Craig Mohn was hired
under a Post Doctoral Fellowship at the University of California — Berkeley to lead the
estimation and implementation of the Southern California Beach Valuation Model. Dr.
David Layton, originally at the University of California — Davis, now at the University of
Washington was also brought on to help design a contingent valuation/behavior element
and do preliminary analysis of the project survey data (see Recruitment report on our web
site). As noted above, there were many other researchers involved at different stages of
the project. Also, each of the agencies has economists and other social scientists that
provided internal peer review as well as doing some of the analyses (this report). Outside
paid peer reviewers were also used through every stage of the project.



The surveys were conducted by Chico State University’s Survey Research Center. The
surveys were complex. A panel approach was used, which was not common for studies
in outdoor recreation. Panel members were recruited through a telephone survey of the
general population, and then interviewed every two months on the details of each trip
they took to Southern California beaches over the previous two-month period. Even
though a computer-aided telephone instrument (CATI) software system was used, the
many complex types of trips taken pushed the technology beyond its limits. Trips were
categorized as single-day, single-site trips; single-day, multiple-site trips; multiple-day,
single-site trips; and multiple-day, multi-site trips. The original software could not
handle all these complexities and some portions of the early surveys had to be coded by
hand. Later in the project, upgraded software allowed for programming the complexities
of all trip types. These complexities led to delays in processing the data and final
delivery to the research team for analysis. The Research Team and the Survey Research
Center spent a great deal of time on quality analysis/quality control (QA/QC) on the
survey data. Again, this delayed analysis of the data.

The delays have been worth the effort. We believe we now have a state-of-the-art model
based on high quality data. On our web site (see link below), you can find reports
detailing how the survey was conducted (the Production Report); an analysis of who are
the beach users in southern California (the Recruitment Report); a report summarizing the
estimated model, including brief literature reviews of modeling issues and research
judgments made on these issues in the estimated model; a report on demonstrating the use
of the model for estimating welfare (consumer’s surplus or the net value people receive
from a good or service over and above what they actually pay for the good or service—
often referred to as net economic user value or nonmarket economic use value because it
is a value that doesn’t show up in our normal economic accounts) gains/losses for five
policy/management scenarios involving water quality changes and beach closures;
economic impact of beach use on the local economies and the changes in economic
impact of beach use on the local economies for the same five policy/management
scenarios in the welfare report (Economic Impact Report); and finally the user manual for
the electronic model, which is distributed on CD-ROM.

This report adds to the collection of above reports by adding an additional
policy/management scenario, which is to increase water quality at Long Beach to the
water quality at Huntington City Beach. Both estimates of non market economic values
(consumer’s surplus) and market economic values or the economic impacts of beach
recreation on the local economies are provided for this policy/management scenario.
Market economic impacts include expenditures by beach users and the associated impacts
on sales/output, value added, income and employment in a local area, including
multiplier impacts. Definitions of these concepts are provided in this report.

We are currently working on a summary report, which will include summaries for the

entire project without technical details on how things were estimated. This report will be
posted on our web site. All project data and documentation will be available on CD-



ROM. The data from this project is extremely rich and much of the data has not been
analyzed, so there are many opportunities for further research. We will make the data
available in a variety of data formats.

All project reports are available on our web site in portable document format (pdf) using
the following link:

http://marineeconomics.noaa.gov/SCBeach/laobeachl.html

Bob Leeworthy

Leader, Coastal and Ocean Resource Economics Program
NOAA/NOS/Special Projects — N/MB7

1305 East West Highway, SSMC4, 9™ floor

Silver Spring, MD 20910

Telephone: (301) 713-3000 ext. 138

Fax: (301) 713-4384

E-Mail: Bob.Leeworthy@noaa.gov
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Executive Summary

This report presents the results from a request to run the Southern California Beach
Valuation Model for a scenario in which the water quality at Long Beach is changed to
the water quality conditions at Huntington City Beach. Both the annual changes in
economic value and economic impacts on the local economy are estimated and presented
here.

Estimates of annual changes in beach visitation for day use and changes in the economic
value (welfare or consumer’s surplus) associated with the changes in day use were
obtained using the Southern California Beach Valuation Model (SCBVM). Economic
impacts on the local economy were estimated using expenditure profiles obtained from
the Southern California Beach Valuation Project surveys of people that live in the four-
county study area of Los Angeles, Orange, Riverside and San Bernardino counties. The
local economy was also defined as the same four-county area. Impacts by county cannot
be reliably estimated due to limitations in the survey data and the fact that the four-
county study area is highly interconnected in the production of goods and services. The
IMPLAN input-output model is used to estimate economic impact.

Estimates of changes in economic value and economic impact for day use were
extrapolated to all beach use by all users (e.g. day and multiple day users from the four
county study area and multiple day users from the rest of California, the rest of the U.S.
and international visitors). Extrapolation factors were derived from a state-wide beach
study by King and Symes (2003). All dollar amounts presented in this report are in
constant 2006 dollars.

Results

Annual Changes in Use. The SCBVM predicts that changing the water quality at Long
Beach from a Heal the Bay baseline 2000 annual average score of 2.8545 to the baseline
score for Huntington City Beach of 3.915 will result in an annual increase in day use
from residents of the four-county study area to Long Beach in the amount of 5,633
person-days of use. Multiple-day use is estimated to add an additional 1,353 person-days
of use resulting in an estimated annual increase of 6,986 person-days of total beach use at
Long Beach (Table E1).

Annual Changes in Economic Value. The SCBVM predicts an annual increase in
economic value (welfare or consumer’s surplus) of almost $603 thousand for day use
from the four-county study area. Multiple-day users from all areas are estimated to
receive and additional $321.3 thousand in economic value with a total annual increase in
economic value for all beach users of $924 thousand (Table E1).

Total Benefits of Water Quality Change. The annual changes in economic value can be
capitalized or converted to the net present value of the annual flow of changes in
economic value over different time periods with a few assumptions. Assuming the
annual increase in value remains constant in real terms (net of inflation) and using and



interest or discount rate of three (3) percent in real terms, we estimate the total benefits of
the water quality change for three time periods (e.g. 10, 20 and 30 years).

For the change in all beach use, we estimate the benefits of the water quality change at
Long Beach to be worth $8.8 million over ten years, $14.9 million over 20 years, and
$19.3 million over 30 years (Table E1). These values represent the benefits that would
be entered into a benefit-cost analysis of the investments (costs) required to bring the
water quality at Long Beach up to the water quality at Huntington City Beach.

Economic Impacts on the Local Economy. Economic impacts on the local economy are
measured in terms of changes in annual spending by beach users and the secondary
impacts, including multiplier impacts, on output/sales, value added, income and
employment. Employment is measured in number of full and part-time jobs.

We estimate that for all beach use in the four-county economy, spending will increase
annually by about $204.5 thousand. This spending will generate an annual increase of
$328 thousand in output/sales; $208.5 thousand in value added; $131.8 thousand in
income; and about five (5) full and part-time jobs (Table E1).

Definitions of economic value and economic impact are included in the main body of this
report, which also provides more detail on the values derived using the SCBVM and how
we extrapolated to the changes associated with the changes in total beach use.

Table E1. Changes in Economic Value and Economic Impact Due to
Changes in Water Quality at Long Beach - All Beach Use

Multiple All

Measurement* Day Use Day Use Beach Use
Person-days 5,633 1,353 6,986
Economic Value $602,781 $321,305 $924,086
Capitalized Value

10 years @ 3% $5,744,625 $3,062,102 $8,806,727

20 years @ 3% $9,720,403  $5,181,341 $14,901,744

30 years @ 3% $12,567,317 $6,698,854 $19,266,171
Economic Impact

Spending $133,410 $71,112 $204,522

Output/Sales $213,895 $114,067 $328,062

Value Added $135,976 $72,480 $208,456

Income $85,982 $45,832 $131,814

Employment 3.1 1.8 4.8

1. 2006 $ and number of full and part-time jobs.



Background

Two previous reports provided estimates for five policy/management scenarios run
through the Southern California Beach Valuation Model. The welfare estimates
(consumer’s surplus) were published in Hanemann et al (2005a) and the economic impact
estimates were published in Wiley et al (2006).

This report includes the results for running the scenario of increasing the water quality at
Long Beach to the water quality conditions at Huntington City Beach. This involved
changing the water quality from the Heal the Bay baseline value of 2.8545 for Long
Beach to the baseline value of 3.915 for Huntington City Beach.

Unlike previous efforts, in this report we combine the reporting of both the change in
welfare (economic value — consumer’s surplus) and the change in economic impact on
the local economy (expenditures, output/sales, value added, income, and employment).
Here we also repeat the definitions of each of the measurements and the proper use of
each measurement.

Economic Impact versus Economic Welfare. It is important to understand the difference
between what is meant by “economic impact” versus “economic welfare” because each
has its own uses. Economic welfare includes what economists call consumer’s surplus
(CS). CS is the amount of value a consumer of a good or service receives over and above
what he or she has to pay for a good or service. It represents the net result of both
demand and supply factors. The demand-side represents what people are willing and able
to pay for a good or service and the supply-side represents what producers of a good or
service are willing to sell it for, i.e., what consumers have to pay to obtain it from
producers.

CS is a net value and is often referred to as “net economic use value”, or “non market
economic use value”. Recent terminology has also extended the qualifiers with the term
“non market direct economic use value”. The added term of “direct” is included to
distinguish this portion of value from non use or “passive economic use value”. Non use
or “passive economic use values” include such values as existence value and bequest
value. Existence value being the willingness to pay a given amount just to know
something exists in a certain condition, without directly using it. Bequest value is the
willingness to pay to ensure something is available for future generations in a certain
condition. The term “passive use” has become more popular than “non use” because
people have to know about something in order to have economic values for it. People
learn about natural resources through books, magazines, newspapers, television shows,
etc. (the passive use).

The “non market” descriptor is important because unlike “economic impact”
measurements, CS (direct use or passive use) doesn’t appear in our standard economic
accounts (e.g. Gross National Product, Gross Domestic Product, Income, Employment).



CS, whether direct use or passive use, is the appropriate economic measurement to use in
a benefit-cost analysis of public investments and in damage assessment cases in
establishing a claim against a responsible party.

Economic impact (El) is measured by actual expenditures that people make while
undertaking an activity, and the secondary effects on sales/output, value added, income,
employment and tax revenues. These are the measurements that are in our standard
economic accounts.

El can be broken down into direct, indirect and induced effects (see definition box). The
indirect and induced effects make up the “multiplier process”. When a local economy
experiences a change in an activity that results in a change in demand for a good or
service, residents of that economy are impacted by more than just the dollar amount of
goods and services purchased by those who engage in that activity. The reason for this is
that the businesses serving those who participate in that activity must adjust to the change
in the amount of labor and other inputs to the production of their good or service. For
example, the changes made by the businesses that experience a decrease in sales due to
decreases in water quality or beach closures will cause a “ripple effect” on the other
businesses that supply them, and those businesses, in turn, affect others down the supply
chain. In addition, workers and owners receive income and they spend it on housing,
food, transportation, entertainment, etc. The initial spending is called the “direct effect”,
and the subsequent ripples are the “indirect” and “induced” effects. The indirect and
induced effects are also called the multiplier impacts.

El is always defined for particular

. - . Direct Effects: The amount of the change in
geographic areas depending on the desired : -

purchase of inputs used to manufacture or

scope of the analysis. EIl can be done for a produce the final goods and services
particular county, group of counties, an purchased by visitors

entire State, a region or the Nation. The e Indirect Effects: The value of the inputs used
scope of the analysis determines how much by firms that produce the goods and services

for those firms first impacted by the closure or
change in water quality
¢ Induced Effects: Resultant effects of the

of the “multiplier process” is captured.

El is generally not appropriate to include in direct and indirect effects. Induced effects are
calculating benefits or costs in a benefit- related to persons and firms that receive added
cost analysis of a public investment, and is income as a result of local spending by

employees of the firms that are impacted by
the direct and indirect effects.
e Total Effect: The sum of direct, indirect and

never included in damage assessment cases
brought by the government acting as a

trustee for the public. The reason is that El induced effects.

is not a net value. If people do not spend e Output multiplier: The total output effect
their money on one thing in a certain place, divided by the direct output effect. Typically,
they will spend it on something else in the output multiplier is between 1.5 and 2.

another place. Different people in different

places might be impacted by changes in water quality and/or beach closures in Los
Angeles and Orange counties, but on net, across all people, businesses and places, there is
no net value change as measured by EI. However, it will still be important to those who



are affected. If you are one of those whose livelihood is affected (positively or
negatively) by a change in water quality and/or a beach closure, it will matter to you.
Given this, we decided that EI was important to present.

Study Area. For the economic impact analysis conducted here, the study area has three
definitions. The first definition is what beaches would be the focus of the study. The
partner/funding agencies decided the focus would be limited to the beaches in Los
Angeles and Orange counties. The second definition is what population of beach users
the study would include. The Research Team decided that the four-county area of Los
Angeles, Orange, Riverside and San Bernardino counties (hereafter referred to as the
four-county area or study area) would cost-effectively capture the overwhelming majority
of users and use. The third definition of the study area is a more complex issue, since it
involves issues of knowing where beach users made their beach use related expenditures
(i.e. in which county they made each expenditure) and how interconnected are the
different county economies. This latter issue is important because it defines how much of
the “multiplier process” is captured, which will determine estimates of EI.

The Four-county Study Area

San Bemardino

Los Angeles

W

100 0 100 200 Miles
]
I

The IMPLAN input-output model is used here to estimate EI (MIG, 1999). IMPLAN is
short for IMpact PLANning. IMPLAN is an off-the-shelf product that includes
specifications of all the interrelationships between households, businesses, and
government entities in the production process. It can take two to three years to build an
input-output model from scratch. It can take less than one hour to build an IMPLAN
model, once the study area is defined.

So the first step in building an IMPLAN model is to define the study area. A key
assumption of the IMPLAN model is that all the people in the study area both live and
work in the study area, and therefore spend a good portion of their incomes within the



study area. This is a key assumption and can affect greatly the estimates of El because of
the impact on the “multiplier process”.

We used the Census of Inter-county Commuters (Bureau of the Census, 2000) to make
our judgments on the “best” study area or local economy for developing estimates of El.
Single county or count-by-county analysis would not be reliable because of the extensive
interconnections between counties in terms of where people work and live. Our task was
to minimize the amount of people that work in the study area, but live outside the study
area, since these people are likely to spend most of the income they receive in the area
where they live. We also wanted to define the study area as narrowly as possible to
estimate EI on the local area economy.

The “Census of Inter-county Commuters” shows the matrix of where people both live
and work (Table 1). About 98,000 people work in the four-county study area, but live in
Ventura and San Diego counties. These people are taking their incomes outside the study
area. About 65,000 people work in Ventura and San Diego counties, but live in the four-
county study area. These people bring their incomes into the study area. On net, 33,000
people or 0.6% of the total four-county study area employment is taking their income out
of the four-study area. Generally, this would imply our multipliers for the four-county
study area would be overstated because the IMPLAN model assumes all the workers in
the four-study area live and work in the four-county study area. However, as we shall see
below, the people that live in the four-county study area that work in counties outside the
study area make more than those that live outside the four-county study area and work
inside the four-county study area. The result is a net decrease in income to the four-
county study area of only 0.67% (see Table 2, Adjustment to Income by Place of
Residence by the Bureau of Economic Analysis). We think this small amount means that
our definition of the study area in the IMPLAN model will yield reasonably good
estimates of EI.

Table 1. Inter-County Commuting Patterns®

County Los Angeles Orange Riverside San Bernardino Total Study Area
Residents that work in the County(ies) 3,576 1,091 417 457 5,541
Residents that commute to work outside the county(ies)? 264 217 170 198 91
Breakdown of top five destination counties:
Orange 160 Los Angeles 185 San Bernardino 60 Los Angeles 111 Ventura 33
San Bernardino 41 Riverside 11 Orange 52 Riverside 52 San Diego 32
Ventura 32 San Bernardino 9 Los Angeles 37 Orange 29 Kern 8
Riverside 9 San Diego 7 San Diego 19 San Diego 2 Santa Barbara 2
Kern 6 Ventura 1 Imperial 0.4 Kern 1 San Francisco 2
Non-residents that work inside the county(ies)® 440 260 82 120 145
Breakdown of top five source counties:
Orange 185 Los Angeles 160 San Bernardino 52 Riverside 60 Ventura 70
San Bernardino 111 Riverside 52 Orange 11 Los Angeles 41 San Diego 28
Ventura 69 San Bernardino 29 Los Angeles 9 Orange 9 Kern 9
Riverside 37 San Diego 12 San Diego 6 San Diego 2 Santa Barbara 2
San Diego 8 Ventura 1 Imperial 1 Mohave Co., AZ 1 Clark Co., NV 2

1. i are expressed in of persons. Unless ohterwise noted, counties are in California.

2. For Total Study Area, the estimate is the residents of any of the four counties who work outside of the four counties.

3. For Total Study Area, the estimates are the number of persons residing outside the four counties who work anywhere inside the four counties
Source: United States Census Bureau (2000)

Residents of the Economic Impact Study Area and the Multiplier Process. In regional
economic impact analysis, it is customary to not include the spending by residents of the
economic impact study area. The reason is that multiplier impacts are derived from
“basic” or “export” industries, which attract “new” dollars into the economy. Spending
by residents is considered “local spending” from income generated by the “new” dollars



injected into the economy from “export” industries. Resident spending is part of the
multiplier process derived from “new” dollars to the “export” industries. So here, beach
expenditures would be considered local spending and are part of the multiplier process
from “export” industries. It would be double-counting to count the spending impact by
residents on beach activities, with additional multiplier impacts. Given our definition of
the study area (where people live) and the economic impact area are the same, it is
generally thought that we should only include direct impacts.

But there are several reasons why the customary approach is not used here. One reason
for defining the study area as the four-county area is that the survey did not breakdown
expenditures by county of where the expenditure was made. So if a survey respondent
lived in Riverside County and visited a beach in Los Angeles County, we don’t know
how much was spent in Riverside County in preparation for the beach visit versus how
much was spent in Los Angeles County. All we know is that the spending was likely in
one or both counties. We know that all the spending took place in the four-county study
area. An economic impact analysis that looked at the economic impact area as defined as
Los Angeles County would consider spending on beach activities in Los Angeles County
as “new” dollars coming into the county and thus beach spending would have multiplier
impacts within Los Angeles County.

Above we mentioned the difference between incomes earned by place of work versus
income by place of residence. Overall, 19 percent of income by place of residence is not
generated from work within the four-county area. One difference was the “adjustment
for residence”, which was slightly negative for our four-study area, but very small. Other
differences between income by place of work and income by place of residence are also
due to sources of income received by people living in the four-county area, but derived
from sources other than work in the four-county area. Two major sources are
“Dividends, Interest, and Rent” and “Transfer Payments”. These are sources of income
or “new” dollars into the four-county area economy and can be considered as “export”
dollars with multiplier impacts. A portion of beach spending might be made from these
sources of income and therefore would have multiplier impacts that would not involve
double-counting from other export industries in the four-county area economy. We
estimate that in 2004 almost $117 billion in income out of the total income received by
people living in the four-county area of $551 billion or 21 percent is export income that is
available for discretionary spending for such things as beach activities (see Table 2).



Table 2. Personal Income by Place of Residence versus Work: 2004 (000's $)

Source Los Angeles Orange Riverside San Bernardino Total
Place of Residence 329,048,068 124,853,736 49,443,185 48,116,593 551,461,582
Place of Work 280,557,128 103,362,666 29,789,598 32,570,281 446,279,673
Contribution Gov. Insurance -31,003,949  -11,546,393  -3,450,636 -3,762,369  -49,763,347
Adj. for Residence -20,480,913 2,957,505 7,487,602 6,333,406 -3,702,400
Net by Place of Residence
from Work 229,072,266 94,773,778 33,826,564 35,141,318 392,813,926
Dividends, Interest & Rent 51,021,690 19,115,079 7,720,064 4,984,356 82,841,189
Transfer Payments 48,454,112 10,964,879 7,896,557 7,990,919 75,306,467
Retirement & Disability 12,492,017 4,291,303 3,050,580 2,436,777 22,270,677
Medical 23,841,453 4,236,700 3,021,492 3,351,456 34,451,101
Income Maintenance 8,192,357 1,161,022 937,454 1,291,054 11,581,887
Unemployment 1,198,273 331,251 231,074 242,224 2,002,822
Veterans 428,557 145,950 177,686 158,495 910,688
Federal Education 569,256 138,769 64,552 88,389 860,966
Other Transfers 75,515 11,490 7,368 8,860 103,233
Nonprofits 1,555,220 467,567 293,026 298,300 2,614,113
Individuals from Business 601,464 180,827 113,325 115,364 1,010,980
Total Non Work Related Income
Export Income 53,453,445 28,182,937 19,717,785 15,561,676 116,915,843
Ratio: Work to Residence (%) 85.26 82.79 60.25 67.69 80.93

Note: Items in bold are sources of non work related income (export icome) available for discretionary spending.
Source: United States Bureau of Economic Analysis (2004)

Another justification for treating beach spending as if it were from export income sources
is the argument called “import substitution”. Under this argument, even if all beach
spending was from local sources of income, gains or losses associated with changes in
beach activities due to water quality and/or beach closures might result in purchases of
goods and services from outside the four-county area (imports). Thus, the four-county
economy would experience lower multiplier impacts from export incomes as people
spend their money on imports.

Our model predicts the number of beach trips that will not be taken to beaches in Los
Angeles and Orange counties for a decrease in water quality or a beach closure. Some
will substitute to beaches in San Diego, Ventura or Santa Barbara counties. And, some
will spend their money on something else. For our estimates to be considered net
changes in the local four-county economy, we must assume the money is spent on
imports from outside the four-county area. This is the import substitution argument.

This ambiguity in economic impact analysis is why most economists focus on the
economic welfare analysis. There is no ambiguity as to whether economic welfare
estimates represent net gains or losses. CS is simply harder for many to understand
because it cannot be verified by the standard economic accounts (the non market aspect).



Scenario Description

Scenario : An Improvement in Beach Water Quality at Long Beach

Long Beach Water Quality Improves from Heal the Bay (HTB) Baseline Value of
2.8545 to the Water Quality Condition of Huntington City Beach with a HTB
Baseline Value of 3.915. *

In 2000, Long Beach has a low water quality rating of approximately C (2.8545
on a scale of 0 to 4). This hypothetical scenario explores the impact of improving
water quality at Long Beach, perhaps by removing the breakwater or other
measures, so that water quality improves to an average annual grade of B (3.915),
which is the baseline value of water quality at Huntington City Beach. All other
sites remain unchanged.

An improvement in water quality at Long Beach increases by 5,633 visits over the
course of the year. Most new visits are made by residents of Los Angeles County,
the closest county (Table 3).

Economic Value (Consumer’s Surplus) — Day Use

Improving water quality at Long Beach from it’s baseline value to the water quality
conditions at Huntington City Beach results in an estimated annual increase in economic
value to beach users from the four-county study area of $517,427 measured in 2000
dollars and $602,781 measured in 2006 dollars (Table 3). Most of the increase in use and
economic value is received by residents of Los Angeles County.

The above annual increase can be capitalized over a different periods of time to derive
the net present value of the flow of future annual benefits. To do this requires a few
assumptions. We assume that the annual flow of benefits is constant (e.g. our estimate of
$602,781 in 2006 dollars). This implies that there is no increase in total visitation to
beaches in Southern California and especially at Long Beach, and that the value per visit
remains constant. These are conservative assumptions i.e., lead to lower bound
estimates.

We estimate the capitalized value or net present value of the annual change in net
economic value for three time periods (e.g. 10, 20 and 30 years) using a discount rate of
3%. Both the flow of annual benefits and the discount rate are in real terms or net of
inflation. All final values are expressed in 2006 dollars.

We estimate the capitalized value of the change in water quality at Long Beach to be
about $5.8 million over 10 years, about $9.7 million over 20 years, and about $12.6
million over 30 years (Table 4). These numbers represent the estimated benefits of the
water quality change to compare against the costs of achieving the water quality change.

! For information about the Heal the Bay grading system, please go to the following URL:
http://www.healthebay.org/brc/gradingsystem.asp



Table 3. Change in Beach Days and Net Economic Value Due to Water Quality Change
at Long Beach (Annual Change) - Day Use

Change in Change in
Change in Net Economic Value? Net Economic
Value®
County of Trips/Person-days" 2000 $ 2006 $
Residence
Los Angeles 3,497 $321,334 $374,341
Orange 1,278 $118,068 $137,544
Riverside 391 $35,577 $41,446
San Bernardino 467 $42,448 $49,450
Total 5,633 $517,427 $602,781

1. All trips are day-trips so trips are person-days or the number of people
that visit a beach for a day with any part of day counting as a whole day.
The change in trips/person-days represent the change in the annual
number of trips/person-days to Long Beach by residents of each of the
four counties as a result of improving the water quality at Long Beach from
a Heal the Bay score of 2.8545 to 3.915 (score for Huntington City Beach).

2. Net economic value is consumer's surplus or what people would be willing
to pay above what they have to pay to go to the beach and thus is a net
economic value. Here it is the net economic value associated with a
change in water quality at Long Beach holding water quality at all other
beaches constant. The change in net economic value is an annual
amount of value gained by increasing the water quality of Long Beach to
the water quality conditions found at Huntington City Beach.

Source: Southern California Beach Valuation Model

Table 4. Capitalized Value of Improving Water Quality at Long Beach
to Water Quality Conditions at Huntington City Beach -

Day Use
Capitalized Value
Time Period/Discount Rate 2006 $*
10-years at 3% $5,744,625
20 years at 3% $9,720,403
30 years at 3% $12,567,317

1. Capitalized value is based on conservative assumptions.
Annual beach use and value remain constant in the future.
A real discount rate or interest rate of 3 percent is used.
The real rate doesn’t include inflation and so values are
calculated in 2006 $. The annual flow of additional net
economic value is estimated at $602,781 (see Table 1).
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Expenditure Profile — Day Use

In 2001, the Research Team (SCBVP 2001) conducted a preliminary analysis of the
economic impact of visitation to the beaches in Los Angeles and Orange counties. The
analysis was limited to the three-month period of June — August 2000. Average daily
attendance from lifeguard data was used to extrapolate average spending estimates to
total spending. The analysis differentiated between whether visitors were locals or non-
locals, with non-local’s spending having multiplier impacts. Non-locals were defined as
anyone not from the county where the beach visitation took place. A range of multipliers
of 2 to 2.5 was used.

The previous report described the data in great detail and this won’t be repeated here.
The same survey data is used here. There were 272 panel members that visited the
beaches during the fourth wave of data collection and answered the beach expenditure
questions. These 272 survey respondents could have provided information on more than
one trip. In deriving the average expenditure profile, we included information on all
beach trips reported and develop weighted averages as in the previous report. Our
sample size for beach trip profiles is based on reported information for 352 beach trips
made by the 272 survey respondents during the summer of 2000. We use these
expenditure profiles as representative for trips taken over the entire year.

Per our discussion of the study area, here we make no distinction between locals and non-
locals, since all are residents of the four-county area. Previous results were based on two
faulty assumptions: 1) that all expenditures were made in the county of the beach visited
and 2) county-by-county economic impact analysis could be done (ignored the
interconnections between the counties in the four-county area).

In the expenditure profiles presented here, we combine the locals and non-locals as
presented in the previous report and do the same weighting by averaging all beach
expenditure profiles.

On average, we estimate that visitors to the beaches in Los Angeles and Orange counties
spent $20.33 per person per visit or day. Food & beverages accounted for over half of
the expenditures, while shopping accounted for about 25%. Parking accounted for about
12.5% of expenditures, while spending on beach supplies and equipment rental accounted
for relatively small shares of the spending (Table 5). The survey did gather information
on fishing expenditures, but only one person in the sample reported making these types of
expenditures, so they were dropped from the spending profile.

Total Expenditures — Day Use
To estimate total expenditures, we multiply the change in beach visitation under each
scenario times the average expenditure per person per visit (day). We estimate that the

change in total expenditures due to the water quality change would be about $114.5
thousand per year measured in 2000 dollars and about $133.4 thousand dollars measured
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in 2006 dollars (Table 5). This is additional amount beach users would spend each year
in the four-county study area due to the water quality change at Long Beach.

Table 5. Change in Total Spending Due to Changes in Water Quality at Long
Beach (Annual Increase) — Day Use

Average Change in Total Change in Total

Per Day Spending due to Spending due to

Spending Water Quality Water Quality
Category 2000 $ 2000 $ 2006 $
Parking $2.54 $14,308 $16,668
Food & Beverage $11.12 $62,639 $72,972
Beach Supplies $0.98 $5,520 $6,431
Rental Equipment $0.65 $3,661 $4,265
Shopping $5.04 $28,390 $33,074
Total $20.33 $114,519 $133,410

IMPLAN Analysis

The next step in the economic impact analysis is to import the spending profiles and
changes in beach visitation into the IMPLAN model. Each of the expenditure categories
must first be mapped into industries for which economic accounts are organized.
IMPLAN aggregates sectors in the North American Industry Classification System
(NAICS), into IMPLAN sectors.

Food & Beverages were mapped into IMPLAN sector 454: Eating and Drinking Places.
We assumed that all spending on food & beverages was done at restaurants and bars.
Shopping and beach supplies were mapped into IMPLAN sector 455: Miscellaneous
Retail, while rental equipment spending was mapped into IMPLAN sector 488:
Amusement and Recreation Services. Parking expenditures were assumed to be all spent
at municipal parking lots and was mapped into IMPLAN sector 512: Other State and
Local Government Enterprises (Table 6).

Table 6. Expenditure Mapping into IMPLAN Sectors

Expenditure Category IMPLAN Sector

Food and Beverages 454: Eating and Drinking Places

Shopping 455: Miscellaneous Retalil

Beach Supplies 455: Miscellaneous Retall

Equipment Rental 488: Amusement and Recreation Services

Parking 512: Other State and Local Government Enterprisesl

1. Assumes all parking is municipal
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IMPLAN uses the “Social Accounts Matrix” (SAM), which specifies all the
interrelationships between households, businesses, government entities, and private non
profit organizations. Each IMPLAN sector has different production functions, which
specify the inputs used in production. The SAM also includes “foreign trade” and
“domestic trade”, which represent inputs from outside the study area. This explains why
“direct” output is less than initial expenditures. A portion of the expenditure revenue
received goes outside the four-county area to purchase inputs in the production process.
Also as noted above, IMPLAN produces estimates of direct, indirect and induced effects
for output, value added, income and employment.? Also, because IMPLAN data are in
1999 dollars and the expenditure profiles are in 2000 dollars, the expenditures are first
deflated to 1999 dollars when inputted into the model. On final output tables, dollars are
inflated to 2006 dollars.

Economic Impact — Day Use

The annual increase in beach spending of $133,410 results in an increase in the direct
effect on output of about $127.5 thousand, which would result in about $82.9 thousand in
direct value added, $53 thousand in direct income, and 2.3 jobs in direct employment
(Table 7). These impacts represent the amount required to purchase inputs for the final
production of goods and services purchased as a result of the increase in beach visitation.

Table 7. Economic Impacts on the Local Economy of Changes in Water Quality
at Long Beach to Water Quality Conditions at Huntington City Beach
(Annual Increase) - Day Use

Measurement* Direct Indirect Induced Total
Output/Sales (2006 $) $127,557 $39,552 $46,886 $213,995
Value Added (2006 $) $82,914 $22,945 $30,118 $135,976
Income (2006 $) $53,013 $15,083 $17,886 $85,982
Employment (Number of Jobs) 2.3 0.3 0.4 3.1

1. The local economy includes Los Angeles, Orange, Riverside and
San Bernardino counties. Economic impact is estimated using the IMPLAN
input-output model.

The total impact, after adding in the indirect and induced impacts (multiplier impacts), is
about $214 thousand in output/sales, $136 thousand in value added, $86 thousand in
income, and 3.1 jobs (Table 7).

2 At this point, any expenditure categories that involve retails sales are categorized as such in order to take
account the difference between the producer and the purchaser prices. The margin basis is set to
“household.” For this analysis, these categories were “shopping” and “beach supplies.” The remaining
categories are considered under IMPLAN to be services. Although some of the food and beverages were
probably bought in grocery stores or convenience stores, which are considered retail, the judgment was
made that this category consisted of eating and drinking places for the most part, and is thus a service
industry, not retail.
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Discussion

Estimates of Economic Value and Impact: Underestimates. The Southern California
Beach Valuation Model (Hanemann et al, 2004) is limited to modeling changes in “day
use” only.

King and Symes (2003) did a survey of California beach users in 2002. They concluded
that over 97% of all California beach use was done in Southern California as defined by
the counties of Santa Barbara south through San Diego County. King and Symes also
provided expenditure profiles per person per day for four kinds of beach visitors; 1) CA
Day trippers, 2) CA vacationers, 3) U S vacationers, and 4) Foreign vacationers.

For CA Day Trippers, Kings and Symes estimate spending of $20.73 per person per day.
This is very close to our estimate of $20.33. The other three types of visitors correspond
to those who are not included in the Southern California Beach Valuation Project model
or multiple-day trippers. King and Symes estimates of spending include transportation
and housing and were estimated at $51.30 for CA vacationers; $59.83 for U S
vacationers; and $53.03 for Foreign vacationers.

King and Symes (2003) did surveys for nine beaches and report results for each of the
nine beaches. Long Beach was not one of the nine beaches. Huntington State Beach had
a Heal the Bay water quality score of 2.54 in our baseline model, while Huntington City
Beach had a score of 3.915. Long Beach had a score of 2.85 or between the scores of the
two Huntington beaches. King and Symes included Huntington Beach in their survey,
but aggregated Huntington State and City beaches. So to estimate the economic value
and economic impacts for all beach use, i.e. accounting for beach use other than day use
(day-trippers), we use the results from King and Symes to derive extrapolation factors to
estimate the total impacts of the water quality changes at Long Beach.

King and Symes (2003) estimate that day-trippers accounted for 80.63 percent of all
beach use at Huntington State and City beaches. Applying this to our Long Beach
estimates of change in use, we estimate at total change in beach use of 6,986 person-days
of use (1,353 additional person-days of use from multiple-day users from outside our
four-county study area).

For spending, King and Symes reported that visitors to Huntington State and City
beaches had average daily per person spending of $21.92 for day-trippers; $36.20 for
California vacationers; $55.83 for U S vacationers; and $40.39 for foreign visitors. Even
though day-trippers accounted for 80.63 percent of the person-days of use, they
accounted for only 65.23% of spending. We use the 65.23% of spending to extrapolate to
the totals for all beach use, not only for spending, but also for output/sales, value added,
income, employment and economic value.
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Estimate of Economic Value and Impact Accounting for All Beach Use.

Use and Economic Value. Using the above extrapolation factors, we estimate that
improving the water quality at Long Beach to that of Huntington City Beach will increase
annual use at Long Beach by 6,986 person-days. Economic value (benefit) is estimated
to increase by an annual amount of $924,086 measured in 2006 dollars. If we capitalize
this annual increase, again assuming that the annual flow of value is constant and is
discounted to net present value using a three (3) percent interest rate (see analysis on day
use), we estimate a net present value of benefits of about $8.8 million for ten years, about
$14.9 million for 20 years, and about $19.3 million for 30 years (Table 8). These values
represent the benefits of the investments required to improve water quality at Long Beach
to the water quality conditions at Huntington City Beach.

Economic Impact. Spending in the four-county study area is estimated to increase
annually by $204,522 measured in 2006 dollars. This annual spending increase would
result in annual increase in economic impact to the four-county economy, including
multiplier impacts, of $328,062 in output/sales; $208,456 in value added; $131,814 in
income; and 4.8 full and part-time jobs (Table 8).

Table 8. Changes in Economic Value and Economic Impact Due to
Changes in Water Quality at Long Beach - All Beach Use

Multiple All

Measurement* Day Use Day Use Beach Use
Person-days 5,633 1,353 6,986
Economic Value $602,781 $321,305 $924,086
Capitalized Value

10 years @ 3% $5,744,625 $3,062,102 $8,806,727

20 years @ 3% $9,720,403 $5,181,341  $14,901,744

30 years @ 3% $12,567,317 $6,698,854  $19,266,171
Economic Impact

Spending $133,410 $71,112 $204,522

Output/Sales $213,895 $114,067 $328,062

Value Added $135,976 $72,480 $208,456

Income $85,982 $45,832 $131,814

Employment 3.1 1.8 4.8

1. 2006 $ and number of full and part-time jobs.
Conclusions

The Southern California Beach Valuation Model is a very reliable model for predicting
changes in beach use and the corresponding changes in economic welfare and economic
impact (when combined with the IMPLAN Model) for “day use”. However, day use
visitation only accounts for 81% of all beach use at Long Beach and multi-day beach
users have higher economic values and spend considerably more per person per day
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resulting in significant under estimates of economic value and impact, if the analysis is
limited to day use only.
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