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Geomorphic Assessment of the Santa Clara River Watershed

4. Fluvial Sediment Transport and Morphological Change Synthesis of the Lower and Upper Studies
a) b)
c) d)

Figure 4-15 a, b, ¢, d. LSCR historical channel position: proportion of time since 1938 that the active channel bed has occupied a given location.
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e) f)

9)

Figure 4-15 e, f, g. LSCR historical channel position: proportion of time since 1938 that the active channel bed has occupied a given location.
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Figure 4-16 a, b, c, d. USCR historical channel position: proportion of time since 1928 that the active channel bed has occupied a given location.

April 2011 Stillwater Sciences
101



Geomorphic Assessment of the Santa Clara River Watershed
4. Fluvial Sediment Transport and Morphological Change Synthesis of the Lower and Upper Studies

e) f)

9)

Figure 4-16 e, f, g. USCR historical channel position: proportion of time since 1928 that the active channel bed has occupied a given location.
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4. Fluvial Sediment Transport and Morphological Change Synthesis of the Lower and Upper Studies
a) b)
c) d)

Figure 4-17 a, b, c, d. Active width of channel bed in successive floods since 1938 on the LSCR. The more recent floods are on top
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e) f)

9)

Figure 4-17 e, f, g. Active width of channel bed in successive floods since 1938 on the LSCR. The more recent floods are on top
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a) b)
c) d)

Width of active channel bed IR s

Figure 4-18 a, b, c, d. Active width of channel bed in successive floods since 1928 on the USCR. The more recent floods are on top
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e) f)

9)

Figure 4-18 e, f, g. Active width of channel bed in successive floods since 1928 on the USCR. The more recent floods are on top
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4.3.3 Long-term changes in channel bed elevation

Changes in channel bed elevation over time reveal trends of incision and aggradation for discrete
reaches within the mainstem SCR. Changes in the active channel width are also very likely to be
linked to changes in bed elevation. Combining these data with known impacts to the river channel
and surrounding watershed can help reveal causes for past incision/aggradation trends, and they
can contribute to the understanding of future trends in incision/aggradation.

For the LSCR reaches, repeat thalweg elevation surveys (i.e., surveys linking the deepest point of
the channel bed) from the mouth to the County line are available from 1949 to 1993, and
additional data exist from a survey undertaken in 1929 between the confluence of Piru Creek
downstream to approximately the confluence of Santa Paula Creek. These data were collected as
part of water abstraction planning. Data were extracted from graphical plots of thalweg elevation
to the nearest 0.5 ft (the original unit of measurement). These data have been supplemented by
information extracted from aerial LiDAR taken in 2005. Bed level changes in the LSCR can thus
be established for the last 76 years (i.e., 1929-2005) in Reaches 6-10, and for the last 56 years
(1949-2005) in reaches 1 to 5 and Reach 11-A. This synthesis report, however, presents only set
of bed level comparison results: 1949-2005; additional results from intervening years may be
referenced in the LSCR geomorphology report (Stillwater Sciences 2007a).

For the USCR, Simons, Li & Associates (1987) previously conducted a detailed geomorphic
assessment of the fluctuations and long-term trends in the river’s bed elevation using LADPW-
provided topographic maps (2-ft contours generated photogrammetrically from 1964, 1977, and
1980/81 aerial photos). For the period between 1964 and 1981 and along the river between the
County line and Bee Canyon at the downstream end of Soledad Canyon (our Reach 18), they
found localized bed level changes, both rising and lowering, on the order of one to a few meters
as averaged over each of their study reach lengths. Notable occurrences of aggradation were near
the confluence with Castaic Creek, the Los Angeles Aqueduct crossing (halfway between
Bouguet and Mint canyons), upstream of Highway 14, and Bee Canyon. Patterns of incision were
found to be more common during this period, with much of it concentrated between Interstate 5
and Bougquet Canyon, between Mint Canyon and Highway 14, and between Sand Canyon and
above Lang Station Road (see Table 6.1 of Simons, Li & Associates [1987]). This most upstream
occurrence of incision exhibited the greatest amount of lowering (~15 m, which the authors
attributed to being highly influenced by the instream aggregate mining activities near the Lang
Station Road crossing.

To extend the study time period for the USCR both backward and forward in time, we utilized
historic and current elevation data to construct additional longitudinal profiles of the river’s
thalweg. A total of four different datasets—1928, 1964, 2001, and 2005—were initially
considered in this analysis. However, after discovering datum and projection inconsistencies
within the 1964 and 2001 datasets, it was determined that only the 1928 and 2005 datasets could
be used in this analysis, providing a low-resolution but long-term overview of bed level changes®.
The 1928 dataset was based on USGS 1:24,000-scale topographic quadrangle sheets with 5-ft
contour intervals created by the USGS just after the St. Francis Dam failure. However, the

® As part of the USCR geomorphology study, we conducted a comprehensive sediment transport capacity
analysis for many reaches of the mainstem and several of the Feasibility Study tributaries. The details of
this analysis are not presented in this synthesis report because a similar analysis was not undertaken as part
of our LSCR geomorphology study. However, results related to aggradational, incisional, or stable trends
determined by the transport capacity analysis to occur within each of the analyzed mainstem USCR reaches
are referenced in the summary section below (see sections 4.3.4.2 through 4.3.4.4 and Table 4-15).
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relatively good topographic resolution of this dataset only goes up through Reach 21, which
prevents our bed level change analysis to continue upstream of this point. The 2005 dataset,
representing the most recent elevation data available for use in this analysis, was the very high-
resolution LiDAR (Light Detection and Ranging) collected across the entire USCR watershed
within months after the 2005 flood event.

The elevation profiles depicted in Figure 4-19 are characterized by localized occurrences of
thalweg rising and lowering, which is indicative of channel bed aggradation and incision,
respectively. The change in bed elevations ranged between -8 m (-26 ft; incision) to +6 m (+20 ft;
aggradation). The greatest degree of incision is associated with those reaches having experienced
instream aggregate mining activities within the past several decades (i.e., reaches 2 and 17).
Further, there is a broad trend of incision from 1949 to 2005 along the Lower Santa Clara River
Valley reaches downstream of the Santa Paula Creek confluence (i.e., reaches 1 to 4), averaging
2.4 m (7.9 ft). In reaches 5 and 6, there is a variable trend of minor incision and aggradation from
Santa Paula Creek to Sespe Creek. Within the Upper Santa Clara River Valley and much of the
Santa Clarita Basin reaches (i.e., reaches 7 to 14), there is a moderate aggradation trend; the most
aggradataion along the analyzed extent of the SCR occurs in Reach 15. Specifically, aggradation
occurs between Castaic Creek and Interstate 5, between Bouquet and Mint canyons, and near the
downstream end of the canyon; and incision occurs between Interstate 5 and Bouquet Canyon and
near the Lang Station Road crossing.
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Figure 4-19. Net thalweg elevation change for the LSCR from 1949 to 2005 (left plot) and for the USCR from 1928 to 2005 (right plot).
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4.3.4 Summary of reach-level dynamics

In summary, we assessed long-term trends in active channel width, bed elevation, and associated
channel morphodynamics to reveal dominant channel form and evolution over time along the
mainstem SCR (Tables 4-14 and 4-15). These results are discussed most readily by reference to
our division of the SCR into several geomorphically-distinct reaches, numbered up from the river
estuary. The reaches are grouped into four dominant regions that are characterized by the
dominant morphological setting: the Santa Clara River Valley (which is further sub-divided into
the “Lower” and “Upper” halves at the Sespe Creek confluence), includes the expansive, low
gradient alluvial reaches; the Santa Clarita Basin includes the broad, low-gradient alluvial reaches
through the densely developed city of Santa Clarita; the Soledad Canyon region includes the
steeper, coarse-grained, and narrow reaches; and the Acton Basin includes the moderately
expansive, more arid, alluvial reaches through the town of Acton. Through all alluvial reaches, a
braided-channel morphology exists that adjusts in response to the largest floods on record (i.e., a
compound, mixed-load channel). In the Soledad Canyon region, the river is considerably
confined by the steep canyon walls and further narrowed by Soledad Canyon Road and the
railroad).

Overall, the river planform and bed elevation have adjusted episodically over the past century.
Although the entire river has experienced changes in response to regional influences, such as
episodic storm events (e.g., 1969 and 2005) and sediment pulses following large wildfires, the
changes have been most pronounced in the Santa Clara River Valley and Santa Clarita Basin
reaches. These changes have also been strongly influenced by four main anthropogenic factors:
(1) the flood wave released during the St. Francis Dam failure in 1928; (2) flow and sediment
input reductions with the closure of Santa Felicia Dam in 1955 and Castaic Dam in 1972; (3)
instream aggregate mining in the Lower Santa Clara River Valley and Soledad Canyon reaches
(i.e., reaches 2, 3, 4, 17, and 18) over the past several decades; and (4) distributed land-use
changes in the watershed over the past century and more localized urban encroachment into the
floodplain and the active channel within the past few decades.

4.3.4.1 Summary of the Santa Clara River Valley reaches

Over the last 57 years, the reaches of the Santa Clara River Valley have experienced several
notable changes to their morphologies in response to natural and anthropogenic influences.
Reaches 1 to 4, below the confluence with Santa Paula Creek, have incised on average 2.4 m,
have narrowed considerably, and have an active width that is no longer related to the magnitude
of the last flood but instead to a legacy of instream aggregate mining and the existence of
extensive levees (Table 4-14). The degree of thalweg incision within these reaches is the greatest
anywhere along the LSCR (but is less than the incision in Reach 17 of the USCR [see below]).
Reaches 5 and 6 are the least modified by anthropogenic influences along the LSCR, although
upstream migrating knickpoints originating at instream aggregate mining operations in Reach 4
have extended into the lower end of Reach 5. Together, these two reaches have not appreciably
changed bed elevation over the period of record, and they have a highly changeable active
channel width related to the magnitude of the last flood rather than to constraints provided by
human activity. Reaches 7 to 11-A (i.e., the mainstem SCR upstream of the Sespe Creek
confluence) have aggraded 0.65 m since 1949, and they have narrowed in width over time but are
still somewhat responsive to flood magnitude, possibly in response to flow regulation, to the
passage of construction sediments or to sediments, deriving from episodically high natural supply
rates (e.g., in response to wildfire or landslide activity).
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The significant degree of channel bed incision within reaches 1 to 4 signifies that the channel in
these reaches has been a net exporter of sediment. The formation of an inset channel here, caused
by the incising thalweg, stands in contrast to the lack of a clearly defined channel in many of the
upstream reaches (i.e., reaches 7 to 11-A and those of the Santa Clarita Basin and Acton basins).
The current channel thus has a compound structure, with a highly changeable low-flow channel
inset within a far larger channel that is largely straight in response to both regional tectonic
controls and confinement caused by human activities such as levee construction and in-channel
gravel mining. Whereas a subsequent process of (at least partial) bed elevation recovery might be
expected following incision, it appears that the levee construction in combination with the flashy
nature of large floods in the watershed have prevented recovery in reaches 1 and 2. It is important
here to restate that episodic, high magnitude floods continue to occur in the Lower Santa Clara
River Valley reaches despite the regulation of roughly one-third of the entire SCR watershed
because of the significant step increase in discharge that occurs below the confluence with Sespe
Creek.

Bed level aggradation has occurred in reaches 3 and 4 as a result of the construction of Freeman
Diversion Dam (see Stillwater Sciences 2007a, Figure 5-19). Additional scour has occurred
downstream of the dam, in the upper end of Reach 2, with aggradation in the lower end of the
reach. Reach 1 has continued to incise mildly. Because of local hydraulic characteristics (e.g.,
high unit stream power at low-recurrence flows), reaches 1 to 4 continue to possess the energy to
transport more sediment than supplied to them from upstream, indicating a possibility of further
incision into the future.

4.3.4.2 Summary of the Santa Clarita Basin reaches

Moving upstream from the County line into the Santa Clarita Basin, our analyses reveal an
overall trend of narrowing and aggradation (bedload deposition) from Reach 11-B upstream
through Reach 15 over the past 80 years. This aggradational trend primarily reflects a broader
river corridor as compared with the Soledad Canyon reaches (and thus increase in sediment
deposition potential) coupled with high sediment delivery from adjacent tributary subwatersheds
(e.g., San Martinez Grande, San Martinez Chiquito, and Lyon canyons and headwater tributaries
to the South Fork SCR) (see Table 3-5 and Figure 3-8). On average, the bedload sediment yield
from these tributaries outpaces the channel’s ability to transport bedload, resulting in continued
sediment deposition and bed aggradation. This trend is not ubiquitous, however, with some areas
of localized mainstem bed incision (e.g., at the confluences with Bouquet and San Francisquito
canyons and Castaic Creek).

The general aggradational trend observed within the mainstem of the Santa Clarita Basin reaches
has also likely contributed to decreased channel gradient and aggradational trends within the
lower reaches of several tributary subwatersheds that carry relatively high sediment loads (e.g.,
San Martinez Chiquito Canyon and South Fork SCR). Reach 16, the uppermost reach in this
region similarly exhibits an aggradational trend, but its active width has been progressively
increasing since 1928; the exact cause of this widening is not clear, particularly since Highway 14
represents a significant structural control on the river’s ability to migrate in this reach.

The Santa Clarita Basin reaches likely once transported sediment in the same fashion as the
reaches upstream; however, localized changes in water and sediment supply (perhaps the
occurrence of the St. Francis Dam failure) appear to be the cause of the shift towards an
aggradational, narrowing channel. Under undisturbed conditions, alluvial river channels tend to
have little long-term net sediment accumulation or change in active channel width (i.e., the
channel bed elevation and width are in quasi-equilibrium). It can be inferred from the results of
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our analyses that the long-term aggradational and narrowing trends exhibited in the Santa Clarita
Basin reaches may represent the river’s response to the scouring floods released during the dam
failure (i.e., recovery to an quasi-equilibrium bed elevation) and to the relatively high sediment
inputs from historical land uses that occurred during the past century.

4.3.4.3 Summary of the Soledad Canyon reaches

In the Soledad Canyon reaches, the mainstem channel is confined and relatively steep with,
accordingly, high bedload transport potential compared to downstream and upstream alluvial
reaches (i.e., Santa Clarita and Acton basins, respectively). Reaches 17 and 18 have been
impacted over the past several decades by the instream aggregate mining activities occurring at
the Lang Station Road crossing. In Reach 17, below the crossing, the river exhibits its greatest
degree of incision, attributed to the aggregate mining activities in the river channel and to the
crossing itself, which functions as a grade control structure that hinders the passage of coarse-
grained sediments to this reach (Simons, Li & Associates 1987 and this study). Continuing
upstream, the remaining reaches in this region have a relatively high channel gradient and
confinement that result in high transport capacity and a channel bed elevation that remains
relatively fixed as a result of underlying bedrock, although with a modest narrowing downstream
trend in the active channel width that is not well understood.

4.3.4.4 Summary of the Acton Basin reaches

The uppermost reaches of the mainstem SCR, in the relatively broad Acton Basin, have exhibited
episodic adjustments when large, rare flood events occurred. Encroachment within the active
channel includes low-water road crossings that hinder coarse sediment passage, particularly
between reaches 26 and 27, which likely causes the observed incision below that particular
crossing. Reach 27 exhibits a stable bed elevation trend, which is not surprising considering that
the road crossing at the reach’s downstream end acts to maintain the bed elevation. In Reach 28,
the river is broad with numerous braid channels that are prone to adjustment during large flood
events. As such, a large portion of the delivered bedload, primarily from the high-yielding Aliso
Canyon tributary, is deposited in this reach.
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Table 4-14. Summary of LSCR reach morphodynamics.

1 2 3 4 5 6 7 8 9 10 11-A
Morphodynamic feature Santa Clara River Valley
Lower Santa Clara River Valley Upper Santa Clara River Valley
) -
=] .
s =4 g g : = x g : @ = G g
- = e} > [l =] — @) o =
Reach boundaries 2% =2 % £ § E K& g . S E © s :5; = © = =
(downstream to upstream) 285 S L O ro 2 go 35 z W o s = & 5
[ » » %) ] w o 9] < =] o o o
I (@)
Centerline reach
length 6.4 10.0 4.7 3.5 25 6.8 5.3 5.7 4.7 44 6.1
(km)
a
?ni;g s 185.9 185.9 185.9 185.9 185.9 185.9 89.5 60.6 60.6 54.2 52.9
Reach-average slope ? 0.3% 0.3% 0.3% 0.4% 0.3% 0.4% 0.5% 0.6% 0.5% 0.6% 0.6%
b
Dso range 0.2-5 0.6-15 1 15 1-4 0.8-3 0.6-1 15 2 1 2-67
(mm)
Particle size type © S-G¢ S-Gn, S S-G¢ S-G¢ S-Gy¢ S S-G¢ S S S-C,
Reach-average active width,
20051 222 350 265 384 456 474 570 422 542 555 146
(m)
Active width change trend d Narrowing Narrowing Narrowing Narrowing Narrowing Narrowing Narrowing Narrowing Narrowing Narrowing Narrowing
Reach average bed elevation
change, 1949-2005 ® -2.0 -3.9 -1.2 -1.1 0.1 -0.1 0.9 0.6 04 04 0.8
(m)
Incised and Rapid incision
. ; Recovered after Recovered after . . . . .
General trend in bed level Progressive mild stabilizing, local prior to Freeman Freeman Dam Freeman Dam SIIQJ_ht Sl'g.ht Sl'g.ht Sl'g.ht Sl'g.ht
S e L scour upstream, Dam. Recovered . . . . No trend aggradation, no aggradation, no aggradation, no aggradation, no aggradation, no
elevation incision . L built. Slight built. Slight
aggradation but slight incision | . .~ S trend trend trend trend trend
incision recently incision recently
downstream recently
Wide floodplain,
part of natural
distributary area for
g;gnr évr(:]r 6 sI;ec:;eleeft o Left bank closg to _ _
. . bank, and a short Left bank ImpInges South Mountain, Wide flo_odplam,. Urban development . . Wide floodplain Narrow valley
Wide floodplain, - on South Mountain. | urban development channel in center: - - Wide floodplain -
stretch of the right. . . N - . to right bank edge in floor, channel veers segment. Highly
part of natural Gravel mining to edge of right Left bank impinges sinuous and braided. floor. Upstream left . .
o Urban development . upper part of reach, towards towards left | Wide floodplain regulated flows
distributary area for throughout the reach | bank. Some on South Mountain. | Levee at upstream - - bank close to - -
. - to channel edge - . - : right bank leveed in - - bank mountains. floor. Channel in (downstream from
Local characteristics the river. Largely until 1988. Freeman | revetment on right Downstream end is end opposite Sespe : mountains. Sinuous | . : - .
. along most of the I - - this area. . inuous and braided. | center. Highly Castaic Creek).
straight channel, - Diversion Dam bank. Gravel mining | confluence with Creek confluence. . and braided. Inflow . . -
right bank, and . - - - Downstream end is Received highly regulated flows. Heavy agriculture
levees on left bank, provides grade until 1986. Receives | Santa Paula Creek. Receives - from Hopper .
. downstream along - . confluence with regulated flow from use adjacent to
urban area behind. control at the unregulated inflow unregulated inflow Canyon. .
the left bank. Gravel Sespe Creek. Piru Creek. floodway.
s - . downstream end. from Santa Paula from Sespe Creek.
mining until 1988 in
Creek.
the lower and upper
reach. Upstream
extent bounded by
Freeman Dam.
2 From HEC-RAS output.
®  From compilation of bulk sediment size data (see Figure 4-8); values for Reach 5 were taken as the average of Reaches 4 and 6 because no bulk sediment sample data was available for that reach;
¢ Based on bulk sediment size data; size categories: S = sand (<2 mm), Gy = very fine gravel (2-4 mm), G; = fine gravel (4-8 mm), G, = medium gravel (8-16 mm), G, = coarse gravel (16-32 mm), G, = very coarse gravel (32-64 mm); C, = fine cobble
(64-128 mm); C, = coarse cobble (128-256 mm).
4" From active channel width analysis (1938, 1945, 1969, 1978, 1992, 1995, 2005) (see Table 4-12 and Figures 4-15 and 4-17).
¢ From bed level changes analysis (see Figure 4-19).
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Table 4-15. Summary of USCR reach morphodynamics.

Morphodynamic 11-B 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
feature Santa Clarita Basin Soledad Canyon Acton Basin
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bank close to | flows Receives CynRd., operation. broad, bed. Canyon. end. low-water developments | ments. - unregulated
. . unregulated - : Crossed by . - . low-water - ) . (left side). -
Santa Susana | immediately inflow from partially Sierra Hwy, Sand Cvn Significant braided Receives road crossings and low-water | Immediately Downstream inflow from
Mtns front. d/s from regulated and Hwy 14 -y incision d/s planform unregulated . within the crossings d/s of high relief
- San - - Rd. bridge. crossings - P - of Acton !
Castaic Lo inflow from bridges. of the before flow and o active within active Arrastre Rd. Aliso Cyn.
Francisquito - - P within the - Canyon.
Creek. Cvn and So Bouquet Receives crossing. transitioning coarse active channel. channel. crossing,
FI¥ SCR ’ Canyon. unregulated to a confined sediment channel with
' ' inflow from channel u/s. from Agua ' significant
Mint Cyn. Dulce Cyn. incision.
& From HSPF model output (Aqua Terra 2009).
®  From longitudinal profile generated in GIS with 2005 LiDAR data.
¢ From compilation of bulk sediment size data (see Figure 4-8);
¢ Based on bulk sediment size data; size categories: S = sand (<2 mm), Gy = very fine gravel (2—4 mm), G; = fine gravel (4-8 mm), G,, = medium gravel (8-16 mm), G, = coarse gravel (16—32 mm), C, = coarse cobble (128-256 mm).
¢ From active channel width analysis (1928, 1964, 1980/81, 1994, and 2005) (see Table 4-13 and Figures 4-16 and 4-18).
T Results for reaches 11-B to 21 are from the bed level changes analysis (see Figure 4-19). Results for reaches 2124, 27, 28 are from sediment transport capacity analysis (see Section 4.3.2 of Stillwater Sciences 2011a).
-- Results not available.
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5 ESTUARINE AND COASTAL PROCESSES

This chapter focuses on morphodynamics and the primary influences to the Santa Clara River
Estuary (SCRE), located at the mouth of the SCR between Reach 1 and the Pacific Ocean, and on
general coastal processes operating along the coastline. Therefore, the information presented here
serves to complement the prior chapters that focused on the “sources” of water and sediment in
the SCR watershed by focusing on the export to the offshore basin, or “sink.” Much of the
material presented here was originally presented as Chapter 6 of the LSCR geomorphology report
(Stillwater Sciences 2007a), but, where possible, certain elements have been updated and/or
revised based on information produced from our ongoing work with the City of Ventura’s estuary
study (Stillwater Sciences 2011b).

5.1 Physical Characteristics

5.1.1 Morphology

The downstream end of the SCR forms an estuary composed of a main lagoon impounded by a
seasonally closed-mouth berm. The total inundated area of the SCR Estuary (SCRE), defined by
the maximum inundation extent within the river channel and main lagoon under closed-mouth,
low-flow conditions, is currently 0.84 km? (0.33 ac) and extends approximately 750 m (2,500 ft)
upstream of Harbor Boulevard bridge. The most current bathymetric survey (2005 LiDAR
surveys by both Ventura County and the USGS) reveals that bed elevations range from 1.2 m (4.0
ft) in the current mouth channel location to 3.1 m (10.2 ft) at the upstream extent of inundation
during low-flow, closed-mouth conditions, with a median bed elevation of approximately 1.9 m
(6.5 ft) (Figure 5-1). The beach berm elevation currently varies between 4 m (14 ft) and 5 m (17
ft), which is approximately between 2.6 and 3.5 m (8.7 and 11.7 ft) above mean higher high water
(MHHW). On average, the SCRE bed is currently approximately 1 m (3 ft) below the adjacent
floodplain that defines the southern and northern boundaries. Swanson et al. (1990) reported a
ground surface elevation range between 0.3 m (1 ft) above mean sea level (MSL) (1.1 m [3.7 ft])
on the bed at the SCRE mouth and 4 m (15 ft) MSL (5.3 m [17.7 ft]) on the mouth berm,
indicating that the current elevation range is very similar to what existed over 20 years ago.
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Figure 5-1. Santa Clara River Estuary (SCRE) and surrounding floodplain topography (from 2005
LiDAR).

5.1.2 Tidal and wave dynamics

Tidal inflow to the SCRE during open-mouth conditions can account for a large portion of the
total SCRE water volume when the estuary has drained following a storm or other breaching
event. The tides adjacent to the SCRE are mixed semidiurnal (O’Hirok 1985), meaning that in
general there are two high tides (a lower high and a higher high) and two low tides (a higher low
and a lower low) per day, although there are days in which there is only one high tide and one
low tide. The closest continuously operating tide gauge that can be used to reflect conditions
adjacent to the SCRE is in Santa Barbara (NOAA Station 9411340). At this tide gauge, mean tide
range (the difference between mean high water [MHW] and mean low water [MLW]) is 1.11 m
(3.65 ft) and mean diurnal range (the difference between mean higher high water [MHHW] and
mean lower low water [MLLW]) is 1.64 m (5.39 ft) (Table 5-1). In general, storm-induced
increases in tidal elevation are relatively small (less than 0.3 m [1 ft]) in comparison with normal
tidal fluctuations (Noble Consultants 1989). Mean sea level (MSL) adjacent to the SCRE has
increased approximately 30 cm (12 in) since the onset of European colonization over 150 years
ago (see Cayan et al. 2008 and references therein).

Using MHHW (water surface elevation of 1.6 m [5.3 ft]) as the maximum tidally-induced water
surface elevation in the SCRE, the tide can currently extend approximately 400 m (1,300 ft)
inland from the mouth berm and inundate approximately 22% of the SCRE area and fill
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approximately 7% of the total SCRE volume. Tidal flow into and out of the SCRE can last for
days to weeks until the tide’s ability to maintain an open channel is counteracted by strong wave
action bringing sediment onshore, thereby causing mouth closure.

Table 5-1. Tidal elevations for Santa Barbara, CA (1990-2010).

. Elevation Elevation
Tidal datum (m NAVDSS) (ft NAVDSS)
Extreme high (observed January 1992) +2.21 +7.26
Mean higher high water (MHHW) +1.62 +5.30
Mean high water (MHW) +1.38 +4.54
Mean diurnal tide level (MDTL) +0.79 +2.60
Mean tide level (MTL) +0.83 +2.71
Mean sea level (MSL) +0.82 +2.69
Mean low water (MLW) +0.27 +0.89
Mean lower low water (MLLW) -0.03 -0.09

Source: NOAA Center for Operational and Oceanographic Products and Services website
(Www.C0-0ps.nos.noaa.gov)

The effective wave energy modifying the coast is a function of wave direction, height, and period.
Waves breaking onshore at the SCR mouth often approach from due west and are generated in the
winter by low pressure systems over the Gulf of Alaska, and during the remainder of the year by
the Hawaiian high pressure cell driving winds and swells to the east. Late summer tropical storms
and Southern Hemisphere cyclones generate large swells from the south and south-southwest
(O’Hirok 1985). The average wave height along this shoreline is 1 m but ranges from 0.3 mto 7
m (Orme 1982, as cited in O’Hirok 1985).

Breaking wave type (plunging, spilling, or surging) influences the relative onshore movement of
beach material. The most common wave type at the mouth of the SCR is a mixed plunge-spill
breaker (O’Hirok 1985). Owing to predominant deposition along this short segment of the coast,
the foreshore is rarely steepened enough to generate surging waves. The width of the surf zone is
a function of the slope of the near-shore bottom, wave height, tidal stage, and discharge. The
submerged delta formed off the SCR can create surf zones greater than 250 m wide. Surf zones
measured during high spring tides are narrower, as waves break closer to the steeper foreshore.
When river discharge is low and sediment moved onshore by wave action forms a barrier that
closes the SCR mouth, the surf zone can decrease to less than 100 m with waves breaking only
once (O’Hirok 1985).

5.1.3 Estuary hydrology and hydraulics

Water in the SCRE is supplied predominantly by flow from the SCR and effluent from the City of
Ventura waste water treatment plant, with local agricultural runoff and wave overwash also
contributing to the overall supply (Swanson et al. 1990). Water surface elevations within the
SCRE can range from approximately 1.5 m (5 ft) when the estuary is essentially empty to over
4.3 m (14 ft) when the estuary fills with river discharge during storm events (Stillwater Sciences
2011b) . The SCR discharge is very low most of the year (less than 0.03 ms™ [1 cfs]), but winter
and spring storms can increase discharge by several orders of magnitude within just a few hours.
At the mouth of the SCR, the City of Ventura Water Reclamation Facility (VWRF) discharges an
average of approximately 32,000 m® day™ (8.4 million gallons day™) of treated freshwater into the
SCRE (City of Ventura 1999), which is equivalent to an average year-round stream flow of
approximately 0.4 m®™ (14 cfs). During the winter months when river flows dominate and
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generally maintain an open mouth, effluent discharge is a relatively small portion of total
discharge volume. However, the average daily effluent discharge is far more than the average
summer and fall streamflow that would be expected from an unregulated southern California river
when the mouth is closed (ESA 2003). Discharge of treated effluent from the VWRF while the
mouth is closed can cause the water level of the SCRE to rise above the sand barrier and cause
the barrier at the mouth to breach at a time of year when this would not occur under natural
conditions (Swanson et al. 1990 as cited in ESA 2003).

In addition to the SCR mouth breaching as a result of impounded discharge causing erosion of the
barrier beach, the mouth has been mechanically breached in the past to alleviate the risk of
flooding adjacent to the estuary. Known recent authorized breaches include an emergency breach
as part of the 1994 McGrath Lake oil spill and occasional breaches associated with the Ventura
Port District annual winter dredging disposal operations (ESA 2003). The McGrath Beach State
Park 1979 General Plan indicated that park personnel would routinely breach the estuary barrier
to prevent flooding of the campground caused by high groundwater. Due to natural resource
considerations, this practice ended by 1985 (ESA 2003).

5.1.4 Sediment particle sizes

Bed sediments within the SCRE are characterized by stratified layers of coarse sand and range in
size from clay- to boulder-sized particles. In general, the SCRE exhibits a pattern similar to most
river-mouth lagoons where the surface bed particle size decreases moving downstream from the
river-lagoon transition (i.e., zone where flow velocity decreases and larger sediment drops out of
the transported load) to the lagoon-ocean interface. Estuary-wide and localized particle size
distribution is strongly influenced by both storm-induced river flows and deposition during tidal
exchange. During most storm flows, sediment ranging in size from silt/sand to gravel is delivered
to the SCRE. During the peak discharge of larger storm events, flow velocity and associated shear
stress in the dominant channel can be high enough to transport cobble and boulder-sized sediment
far into the SCRE or through the estuary completely and out to the Santa Barbara Channel
(O’Hirok 1985). Deposition of very fine sediment (i.e., silt and clay-sized material) on the surface
above coarser sediment then occurs as storm flows recede (USFWS 1999) and also as a result of
flocculation (aggregation of fine sediment) induced by river and ocean water mixing during open-
mouth conditions (O’Hirok 1985). Therefore, between larger floods that cause significant bed
scour and coarse sediment transport, lesser flood events result in transport and deposition of finer
sediment above a coarser substrate.

Recent bed sediment data collected from fall 2009 through spring 2010 illustrate the current
conditions (i.e., period between large storms that includes lesser, depositional storm events)
within the SCRE (Stillwater Sciences 2011b). In general, the SCRE bed surface is composed
predominantly of sand throughout, with coarser sediment being present primarily towards the
upstream estuary extent and within and adjacent to the main lagoon channel. Upstream of Harbor
Boulevard bridge, the main lagoon channel currently has large patches of coarse gravel (gravel
with sand and cobbles) and coarse sand (sand with gravel and cobble) with adjacent high
depositional bars containing coarse sediment (gravel and cobble). Approximately 100 m (330 ft)
upstream of the bridge, there is a distinct break in the main channel slope and associated
transition from coarser to finer bed sediment going upstream to downstream. Downstream of
Harbor Blvd. bridge, the main lagoon channel currently flows towards the south, resulting in
coarser surface sediment in the southern portion of the SCRE and finer surface sediment towards
the northern portion. Towards the mouth berm and in the VWREF outfall channel, surface
sediment is predominantly sand.
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5.2 Sedimentation Dynamics

Sediment deposition dynamics at the mouth of the SCR and within the SCRE are driven by both
fluvial and littoral sediment transport processes. Understanding how these processes interact to
mediate deposition and subsequent SCR mouth closure dynamics is fundamental to
understanding: (1) the fate of sediment within this fluvial-littoral interface, (2) the current and
future geomorphic state of this mouth/estuary complex, and (3) the current and projected future
ecological state of this system with respect to vegetation dynamics and fish passage. The
following is a compilation of the current understanding of historical and present fluvial process
and delta-building dynamics, longshore transport and shoreline dynamics, and barrier deposition
and closure dynamics associated with the SCR mouth and estuary.

5.2.1 Fluvial processes and delta dynamics

The SCR discharges a considerable amount of sediment primarily during high intensity, low
recurrence storm events. Estimates of sediment discharge from the SCR by mass (tonnes yr™) and
by volume (m? yr*) are shown in Table 5-2. In general, the coarser sediment (>0.0625 mm) that
is delivered from the SCR during storm events contributes to the building of near-shore and
offshore deltas, which in turn provides sediment for littoral transport (and down-coast beach
deposition) and supplies sediment that builds the barrier beach and causes mouth closure during
periods of low river discharge.

Table 5-2. Summary of sediment discharge estimates for the SCR.

Sediment discharge Sediment discharge
(tyr?) (m®yr?)

3.5 million [for 1950 to 1999]

(Warrick and Milliman 2003)

Sediment discharge class

Suspended Sediment

0.14 million

(Noble Consultants 1989)
0.57 million

(PRC Toups 1980)

0.96 million [for 1928-1975] 0.91 million [for 1971-1999]

(Brownlie and Taylor 1981) (Willis and Griggs 2003)

3.3 million [for 1928-1975]
(Williams 1979)

3.5 million [for 1928-1999]
(Warrick 2002)

Sand

Sand & Gravel

Total Sediment

The high discharge events in the SCR that deposit sediment to the offshore delta are dominated
by hyperpycnal flows (Warrick 2002, Warrick and Milliman 2003). Hyperpycnal flows are flows
in which the river discharge is denser than ocean water due to high suspended sediment
concentration. Buoyancy theory suggests a hyperpycnal threshold for suspended sediment
concentration of approximately 40 grams per liter (g L™) (approximate total flow density of 1,040
kg m™) for southern California rivers (ocean density = 1,025 kg m™) (Warrick 2002). During the
1969 flood events, SCR suspended sediment concentrations exceeded the hyperpycnal threshold
of 40 g L™ for periods of hours to days. Warrick and Milliman (2003) suggest that the
hyperpycnal threshold is surpassed during SCR flows less than 1 to 3 times the value of the mean
annual flow (recurrence interval of approximately 1-4 yr) and that approximately 75% of the
estimated 170 million tonnes of sediment delivered from the SCR between 1950 and 1999 was
delivered during hyperpycnal events. The density and velocity associated with hyperpycnal flows
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from the SCR cause the suspended sediment to pass through the estuary and nearshore zone, and
be deposited on the offshore delta. This deposited sediment is then stored in the offshore delta
and can be considered a potential loss of immediate beach sand supply (Warrick and Milliman
2003). Hyperpycnal events with a low exceedance probability (>100-yr recurrence interval) have
the potential to deposit sediment out of the littoral cell in offshore basins, essentially resulting in a
net loss of sediment within the system (Warrick and Milliman 2003). This sediment routing can
lead to local erosion by evacuating bed sediment that is deposited within the estuary.

The offshore delta of the SCR varies temporally with respect to volume due to variability in
sediment input from the river and sediment erosion and subsequent down-coast deposition. The
offshore delta had an estimated volume of 191 million m* (250 million yd®) in 1989 (Noble
Consultants 1989). The largest recorded input of sediment from the SCR to the offshore delta
occurred during the floods of 1969, where approximately 9.9 million m* (13 million yd®) of
sediment was deposited (Noble Consultants 1989), and in 2005 where approximately 4.6 million
m? (6 million yd®) of sediment was transported out of the SCRE (Barnard et al. 2009). Drake
(1972) determined that approximately 75% to 95% of the total load from the 1969 flood was
deposited within 20 km from the SCR mouth, and that sand delivered from the river during the
1969 flood was initially deposited in a nearshore river mouth delta and was subsequently
transported 1 to 1.5 km offshore onto the SCR delta. Following the 1969 flood events,
bathymetric surveys conducted by the VCWPD and the USACE between December 1975 and
May 1978 show a maximum seasonal gain in delta volume of approximately 3.1 million m®
during fall/winter of 1977/1978 (~3x gain observed in two previous fall/winter surveys) as a
result of deposition from a flooded SCR, and a loss of approximately 1.2 million m® of sediment
from the delta during winter 1975/1976 (USACE 1980) due to lack of storms and subsequent
sediment supply from the SCR. These data collectively suggest that the delta can be a significant
source of sediment due to replenishment from the SCR during storm events, but prolonged
periods between major storms can cause delta depletion which can lead to down-coast beach
erosion. The mechanism of down-coast sediment delivery (longshore transport) and down-coast
shoreline dynamics are discussed in Section 5.2.2.

Near-shore deltas form at the mouth of the SCR during more frequently occurring hypopycnal
(river discharge is less dense than ocean water) storm events. O’Hirok (1985) suggested that near-
shore delta formation and evolution at the mouth of the river can be described by application of
jet theory (Bates 1953), in which three zones exist: zone of flow establishment (constant
velocity), zone of transportation (constant rate of velocity decrease), and zone of established flow
(residual velocity decays rapidly through turbulence) (Figure 5-2). Deceleration in the transition
zone results in sediment deposition and delta building. Decelerations can be induced by density
differences between incoming river water and ocean water. During hypopycnal flow events such
as the flood event of March 1983, O’Hirok (1985) suggests that there is deposition of buoyant
deltas (deposition as a function of flood water mixing with more dense sea water) and friction
deltas (deposition as a function of decreased discharge resulting in accelerated sediment
deposition and delta bifurcation) at the mouth of the SCR. Near-shore delta deposits from
hypopycnal flows are ephemeral features subject to immediate wave impact and longshore
transport, as well as local deposition at the mouth of the SCR which leads to barrier formation
and subsequent mouth closure. The details of SCR mouth closure dynamics are discussed in
Section 5.2.3.
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Figure 5-2. Conceptual description of sediment deposition from jet flow (O’Hirok 1985 after
Bates 1953).

5.2.2 Longshore transport processes and shoreline dynamics

The sediment discharged from the SCR is transported down-coast via longshore transport as a
part of the Santa Barbara Littoral Cell. Littoral cells are discrete coastal regions that can be
considered closed systems within which sediment is transported. The Santa Barbara Littoral Cell,
which is associated with the Santa Barbara Channel, is adjacent to the Santa Maria Littoral Cell
and extends from Point Conception to Mugu submarine canyon (Figure 5-3). The portion of the
littoral cell (subcell) for which the SCR specifically contributes sediment extends from Ventura
Harbor at the northern extent to Channel Islands Harbor at the southern extent. Although Ventura
River north of Ventura Harbor does contribute sediment to this subcell, Ventura Harbor is
considered the northern subcell extent. The strength and direction of the longshore current is a
function of incoming wave height, direction of wave approach, and beach slope. In response to
prevailing wind direction of 247° in the area of the SCR mouth and wave shelter from offshore
islands, the longshore current generally flows down-coast in a southeasterly direction (O’Hirok
1985, Noble Consultants 1989). Longshore velocity can reach 2 m s (Orme 1982 as cited in
O’Hirok 1985). The direction of the current is subject to reversal during the summer months
when occasional tropical storms generate large swells from the south (Orme 1982 as cited in
O’Hirok 1985). Although longshore current reversals are frequent, sediment transported during
these conditions represent a small portion of average total annual volume (Noble Consultants
1989). Estimates by PRC Toups (1980) suggest that the SCR delivers approximately 65% of all
sediment transport down-coast within the Santa Barbara Littoral Cell (O’Hirok 1985).

April 2011 Stillwater Sciences
121



Geomorphic Assessment of the SCR Watershed
5. Estuarine and Coastal Processes Synthesis of the Lower and Upper Studies

Figure 5-3. Location and extent of the Santa Barbara Littoral Cell (Noble Consultants 1989).

Historical surveys show that the shoreline has changed considerably over the past 150 years
immediately around the SCR mouth. From 1855 until artificially stabilized in the 1950s, the
shoreline north of the SCR experienced a net seaward advance of several hundred meters while at
the same time large retreats and advances down-coast occurred in response to fluctuations of the
SCR offshore delta. Stabilization was affected by emplacement of a groin field (1962-1967),
construction of Ventura Harbor (1963) in Pierpoint Beach, and establishment of a sand bypassing
program for Ventura Harbor (Thompson 1994). The shoreline directly adjacent to the SCR
advanced seaward approximately 100 m (330 ft) between surveys made in 1933 and 1948,
retreated approximately 80 m (250 ft) from 1948 to 1961, and advanced approximately 100 m
(330 ft) from 1961 to 1987 (during the 1969 flood a temporary delta extended seaward of the
existing shoreline approximately 600 m [2,000 ft]) (Thompson 1994). Pronounced accretion
between 1947 and 1955 was a result of the sediment made available in the offshore delta from the
1938 flood (Inman 1950; Oceanographic Services, Inc., 1977, as cited in O’Hirok 1985). In the
period directly after the 1969 flood events, there was considerable beach erosion at Oxnard
Shores south of the SCR mouth, with subsequent shoreline advance in the early 1980s that
yielded the approximate 150 m wide beach that currently exists (Orme, pers. comm., 2005a). The
overall net accretion that has occurred at the SCR mouth from 1855 to 1987 is approximately 270
m (900 ft) (Thompson 1994).

In an effort to better quantify the relationship between observed beach erosion/deposition
dynamics and sediment availability, Noble Consultants (1989) developed a sediment budget for
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the Santa Barbara Littoral Cell. The sediment budget analysis included numerical modeling of
fluvial inputs from the SCR, analysis of net changes in sediment volume as computed by beach
profile data, and estimates of annual longshore transport rates from dredging records from the
Santa Barbara Harbor, Ventura Harbor, and Channel Islands Harbor. The sediment budget results
indicate a yearly net loss of sand (as calculated from beach profile data) of approximately
300,000 m* (390,000 yd*) between 1948 and 1966. The period between 1948 and 1963 represents
pre-harbor conditions and was interpreted to be indicative of ‘natural’ conditions. An annual
average net gain of sand of approximately 765,000 m? (1.00 million yd®) was experienced
between 1966 and 1970, which essentially records the effects of the 1969 flood. From 1970 to
1987, the average net gain was reduced to about 55,000 m* yr* (72,000 yd® yr™). Dredging
records between 1970 and 1987 indicate that approximately 490,000 m® yr* (640,000 yd® yr™) on
average is dredged from the Ventura Marina (up-coast of the SCR) and approximately 910,000
m® yr* (1.2 million yd® yr') on average is dredged from Channel Islands Harbor (down-coast of
the SCR) (Noble Consultants 1989). The dredged spoils are deposited down-coast of the harbor
entrances on the beach and in the near-shore zone, and the sediment is subsequently entrained
within the longshore current.

O’Hirok (1985) suggested that small symmetrical sand deposits lying between the dunes and the
foreshore are remnants of spoil dredged from the Ventura Marina. Taking into account annual
longshore transport reversals, the average annual net littoral transport rate near Ventura Harbor
was determined to be approximately 380,000 m*® (500,000 yd®) and the average annual net littoral
transport rate near the Channel Islands Harbor was determined to be approximately 840,000 m?
(1.1 million yd®) (Noble Consultants 1989). Combining this littoral transport rate in the vicinity of
Ventura Harbor with a modeled average annual sand delivery rate from the SCR of approximately
134,000 m® (175,000 yd®) (i.e., sand from the SCR that is transported down-coast) yields an
estimated average annual littoral transport rate of approximately 516,000 m* (675,000 yd®)

(Noble Consultants 1989).

5.2.3 Barrier deposition and mouth closure dynamics

Typical of southern California rivers, barrier formation causes periodic closure of the mouth of
the SCR. High-energy winter storms cause the mouth to remain open by both onshore wave
action and increased offshore river discharge. Lower-intensity wave action and sediment
deposition, and lower river discharges in the summer months facilitate onshore sediment transport
and sediment deposition at the mouth, increasing mouth closure frequency and duration compared
with the rest of the year (Swanson et al. 1990; Smith 1990, as cited in ESA 2003). When tidal
range decreases during periods of low river discharge, the sediment transport capacity decreases
due to a decrease in tidal prism, resulting in mouth closure. Specific mechanisms shown to be
important in mediating barrier closure and morphology in southern California lagoons include
onshore migration of shore-parallel bars and longshore migration and eventual closure of the
lagoon outlet (O’Hirok 1985). In general, the combination of river discharge dynamics, sediment
availability from the near-shore river delta, sediment availability from longshore transport, and
tidal dynamics contribute to barrier formation and mouth closure at the SCR. The closure
dynamics of the SCR mouth can be a key component in determining the salinity regime of the
system and subsequent vegetation establishment dynamics, as well a key component in
controlling the migration of fish in and out of the watershed.

Data on the status of the mouth of the SCR suggest that the mouth is open more often than it is
closed. Data collected daily by the City of Ventura from 1984 to 2009 indicate that SCR mouth
was open approximately 61% of the total time, with 2009 having the lowest daily frequency of an
open mouth (16% of the year) and 1993 and 1995 having the highest daily frequency of an open

April 2011 Stillwater Sciences
123



Geomorphic Assessment of the SCR Watershed
5. Estuarine and Coastal Processes Synthesis of the Lower and Upper Studies

mouth (96% of year) (Figure 5-4). On a seasonal basis, these daily observations show that the
mouth has been open with the highest daily frequency during March (84% of time) and the lowest
daily frequency during September (44% of time), and is open on average less than 50% of time
from summer into the fall (July through October) (Figure 5-5). The variability in the amount of
time the mouth is open is the lowest for February and March and highest for July and October,
indicating that late winter months have a more consistently open mouth than the summer and fall
months have a consistently closed mouth. The influence of ENSO-induced flows on the status of
SCR mouth has also been documented within this record, with extended open mouth periods
during winter and spring being recorded during several ENSO years (e.g., WY 1993 and 1998).
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Figure 5-4. Percentage of time that the SCR mouth was open on an annual basis (1984-2009)
(City of Ventura).
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Figure 5-5. Percentage of time that the SCR mouth was open on a monthly basis (1984-2009)
(City of Ventura).

The mechanics of a single barrier formation (mouth closure) and barrier erosion (breaching) at the
mouth of the SCR following a single spring storm event have been documented, providing an
insight into the processes and rates of barrier construction. O’Hirok (1985) examined a closure at
the SCR mouth that occurred from April 16 to May 19, 1982 and breaching/resealing that
occurred from May 20 to June 25, 1982 (Figure 5-6a-f and 5-7a-f). Following a series of storms
in April 1982, secondary barrier building began around the breached primary barrier and an
offshore bar formed at the interface between river discharge and the ocean (Figure 5-6a). This
accumulated bar caused breaking waves to then refract in many directions as they broke onshore.
Continued onshore bar migration was facilitated by decreasing river discharge, increasing tidal
range, decreasing wave height, and decreasing wave steepness. Decreased river discharge caused
building of the secondary bar (Figure 5-6b). Secondary bar material was made up of silt over sand
at the surface and gravel on the margins. As the bar continued to migrate onshore, river flow was
divided into two channels (termed “middle-formed bar”) until the bar fused to the secondary
barriers approximately 7 days after the closure began, creating a single outlet for river flow
(Figure 5-6¢).

Longshore transport (including a weak current reversal) and overwash by tidal action caused
extension and increased the elevation of the secondary barriers, until a period of increased wave
height and steepness caused increased onshore sediment movement and closure of the SCR
mouth (approximately 34 days after closure began) (Figure 5-6d-f). As water elevation increased
from a continuous low discharge (0.33 m3s™) into the lagoon, the barrier was breached by
overspill and the resulting high velocities in the channel (3 ms™) caused sediment approximately
300 mm in diameter to be transported within the downcutting and widening (to 20 m) lagoon
channel (Figure 5-7a,b). Longshore transport and overwash built up sediment around the breach
(Figure 5-7c-e). Increasing tidal range and low intensity waves caused barrier sealing
approximately 30 days after breaching (Figure 5-7f) (O’Hirok 1985). O’Hirok (1985) concluded
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that mouth closure occurs at the SCR during “tidal dominance” when wave energy is low,
longshore current is slow, and river power is minimal. O’Hirok (1985) further concluded that
tidal delta morphology (large flood-tidal delta and smaller ebb tide delta), which can contribute to
mouth closure dynamics, was controlled by the magnitude of tidal prism, lagoon geometry, wave
energy, longshore current, and quantity of longshore drift.

Figure 5-6. Time series of SCR mouth closure (April 16-May 19, 1982) (O’Hirok 1985).
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Figure 5-7. Time series of Santa Clara River mouth breach and closure (May 20-June 25, 1982)
(O’Hirok, 1985).
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5.3 Estuary Historical Change Analysis (1855-2009)

The entire SCR and SCRE have undergone considerable geomorphic change over the past 150
years since European-American settlement due to a combination of land-use practices and
climatic conditions. Historically, the SCRE was an expansive ecosystem that included an open-
water lagoon and a series of channels that supported intertidal vegetation. Land development
since the mid-19™ century has resulted in a 75% (Swanson et al. 1990, ESA 2003) to 90%
(Nautilus Environmental 2005) decrease in overall SCRE area and available habitat, and the
confinement of flood flows by levees. Following the period of intensive development, a shift in
precipitation patterns associated with the ENSO has resulted in a wet-period ENSO cycle in
southern California over the past 40 years, resulting in a higher frequency and duration of large
storms.

Here, we describe changes in the LSCR and SCRE extent since the mid-19" century to highlight
the drivers for morphologic change. Data sources used included pre-existing descriptions of
morphologic change in and around the SCRE (e.g., Swanson et al. 1990, Schwartzberg and
Moore 1995, ESA 2003, Nautilus Environmental 2005, Barnard et al. 2009), and orthorectified
topographic maps and aerial photographs from 1855 through 2007. These data were compiled and
then used to assess morphologic changes approximately every few decades since 1855. This
analysis is then used in the next section as the foundation for developing a conceptual model of
the dominant processes controlling SCRE morphologic evolution (see Section 5.4).

The goal of the analysis presented here is to provide a brief overview. A more thorough narrative
describing morphologic changes caused by both anthropogenic and climatic influences since the
mid-19" century is given in reports by Swanson et al. (1990) and Stillwater Sciences (2011b).

5.3.1 Historical map and photographic interpretation

1855 The map of the SCR mouth from 1855 shows a meandering river channel with a broad
floodplain and an extensive estuary/lagoon complex with a distributary channel network
at the southern extent of the mouth complex (Figure 5-8). The shoreline and the river
mouth (and associated estuary) were inland and the mouth/estuary complex was farther
north compared with the 2007 location. The extent of the SCRE was approximately
3.5 km? (870 ac) (Swanson et al. 1990).

1927  The shoreline and river mouth shown in the 1927 photograph advanced in comparison
with the 1855 position (Figure 5-8). The river meandered through an active channel that
extended an additional 762 m (2,500 ft) to the north and 305 m (1,000 ft) to the south in
comparison with current conditions. A significant portion of the historical estuary to the
north appears to have been filled in and the mouth/estuary complex appears to have
moved to the south (to approximate present location). Agriculture encroachment at the
southern extent appears to have caused infilling of the distributary’s channel network.
Vegetation establishment within the active channel was not prevalent.

1945 The shoreline and river mouth shown in the October 1945 photograph advanced to the
north and remained relatively stable to the south in comparison with the 1927 position
(Figure 5-9). The sediment deposited from the St. Francis Dam failure (1928) and
following 1938 floods (approximate 50-year event) is evident in the 1945 photograph.
Vegetation within the main channel was still absent, presumably from scour associated
with the 1938 flood event. The distributary channel network at the southern extent
appears in-filled due to agricultural encroachment. Although the mouth/estuary complex
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appears to have expanded with shoreline advance, the area to the north appears to have
been filled in more relative to the 1927 photograph.

The shoreline and river mouth shown in the April 1958 photograph eroded landward at
both the north and south ends in comparison with the 1947 photograph (Figure 5-9). A
decade without a major discharge event from the SCR (i.e., instantaneous discharge was
less than 1,416 m* s [50,000 cfs] between 1947 and 1958) led to considerable vegetation
development within the active channel. Riparian forest development at the southern
portion of the active channel extent within the mouth/estuary complex led to a quasi-
stable channel exiting to the north.

The shoreline and river mouth shown in the February 1969 photograph appear relatively
unchanged when compared with the 1958 photograph (Figure 5-10). Levees on both
banks established upstream of the Harbor Boulevard bridge had been established by
1969. The effects of the January and February 1969 floods within and around the SCR
mouth are apparent in the photograph: a scoured channel network evident is evident on
north side of the channel (upstream of Harbor Boulevard bridge) where the flow
overtopped the levee; the impact of levee overtopping on the destruction of Ventura
Marina is evident; and considerable deposition of sediment on the south side of channel
upstream of Harbor Boulevard is apparent. The location of the channel within the
mouth/estuary complex was still to the north, but bank erosion induced by the 1969 flood
is evident on riparian forest terrace to the south.

The shoreline and river mouth shown in the May 1978 photograph migrated landward
compared to the 1969 photograph (Figure 5-10). The March 1978 storm event caused the
main channel through the SCRE to move south towards its current location and resulted
in the establishment of depositional bars with side channels along the main SCRE
channel downstream of Harbor Boulevard and in the mainstem channel upstream of
Harbor Boulevard. There is very little in-channel and tidal vegetation shown in the
photograph, which is presumably caused by scour during March 1978 storm event.

The shoreline and river mouth shown in the September 2005 photograph extended
seaward compared to the 1978 photograph due to sediment deposition associated with the
January and February 2005 flood events (two of the largest floods of record) (Figure 5-
11). Topographic surveys show that the shoreline adjacent to the SCRE extended seaward
approximately 130 m (430 ft) due to the large amount of sediment delivered from the
2005 flood events (Barnard et al. 2009). In addition to causing the formation of a
nearshore delta, these floods scoured all bar vegetation in the channel upstream of the
Harbor Boulevard bridge, scoured and widened the main SCRE channel downstream of
Harbor Boulevard bridge. Unlike the 1969 floods, the levees in the LSCR were capable
of containing the 2005 flood flows. Although the 2005 floods did cause considerable
vegetation scour, vegetation established in the northern portion of the SCRE since 1978
remained.

The shoreline and river mouth shown in the September 2007 photograph eroded landward
compared to the 2005 photograph (Figure 5-11). By 2007, vegetation re-established on
depositional bars within the LSCR and SCRE, a southern backwater area had developed,
and the mouth berm position stabilized. The southern backwater area currently extends
approximately 600 m (2,000 ft) south of the pre-2005 southeast corner of the main
lagoon. This morphology appears generally stable and will likely remain until the next
large storm event.
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Figure 5-8. SCRE and surrounding floodplain (1855 and 1927). Figure 5-9. SCRE and surrounding floodplain (1945 and 1958).
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Figure 5-10. SCRE and surrounding floodplain (1969 and 1978). Figure 5-11. SCRE and surrounding floodplain (2005 and 2007).
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5.4 Conceptual Model and Projected Trajectory of the SCRE

In order to understand the anticipated trajectory of the SCRE morphology and help inform future
watershed management decisions, a simple conceptual model of geomorphic processes currently
operating within and acting upon the SCRE was developed. The model was developed from the
historical SCRE morphologic change described in the previous section combined with data
pertaining to SCRE morphology and SCR discharge and sediment transport dynamics presented
in Sections 5.1 and 5.2. Table 5-3 lists the system variables that were identified as potentially
affecting the geomorphic state of the SCRE and used to construct the model. The model is
intended to provide a general picture of the dominant processes affecting SCRE morphology; a
more detailed description of current SCRE geomorphic processes their relationship to undisturbed
conditions can be found in Stillwater Sciences (2011b).

Table 5-3. Elements of conceptual understanding of SCRE morphology.

Potential impact on

estuary morphology Description

Less sediment is available to the off-shore delta compared with historical
conditions

Potential for decrease in mouth closure frequency and decrease in down-
coast beach replenishment

Sediment loading to the
mouth has decreased due to
dam and mining effects

Magnitude of flows have Potential for more frequent mouth closure compared with historical
decreased for given storm conditions
events due to dam effects Potential for increased sediment deposition in estuary

Levees have caused position of estuary on the larger Oxnard Plain to remain
Levees have constrained stable relative to historical conditions
flows Constraining of flows causes local bed scour and channel migration relative

to historical conditions.

Current ENSO wet period has increased magnitude and frequency of large
ENSO impacts storm events
Increase in large storm events results in more dynamic morphologic state

Potential for drowning of mouth, causing landward migration

Sea level rise Potential for increased sediment deposition

The conceptual model for SCRE morphologic dynamics is illustrated in Figure 5-12. Currently,
storm flows within the much of the SCR are constrained compared with historical conditions due
to the network of flood-control levees. The discharge from the Santa Clara River watershed to the
Santa Clara River mouth during lower intensity (more frequent) storm events is less dense than
the adjacent ocean water (hypopycnal), whereas discharge from higher intensity (less frequent)
storm events is dense with sediment in comparison with the adjacent ocean water (hyperpycnal).
Hypopycnal events result in near-shore delta deposits that supply sediment for down-coast littoral
transport and deposition, and supply sediment for barrier formation that occurs periods of low
river discharge. Hyperpycnal events result in sediment deposition on the offshore delta and have
the potential to deposit sediment in offshore basins during infrequent high-magnitude events.
Sediment deposited in the offshore delta has the potential to be re-suspended during storm events
and transported down-coast. The current ENSO wet period has resulted in many large storm
events that have caused considerable sediment transport and deposition dynamics and have the
greatest potential to modify SCRE morphology. Prior to 1969 (around the start of current ENSO
wet-period cycle), a flow of at least 100,000 cfs (or a 10-year flood event) came through the
LSCR and SCRE approximately once every 20 to 25 years. Since the start of this current wet-

April 2011 Stillwater Sciences
132



Geomorphic Assessment of the SCR Watershed
5. Estuarine and Coastal Processes Synthesis of the Lower and Upper Studies

period, a flow of this magnitude has occurred within an ENSO year approximately once every 5
to 10 years.

In summary, the conditions described above result in high, episodic storm flows that will
maintain a river mouth and estuary that will: (1) remain in a fixed location on the Oxnard Plain in
comparison with historical conditions; (2) migrate within the current constrained active channel
during high discharge events; and (3) supply sediment for mouth closure (near-shore deposition)
and down-coast beach building (near-shore and offshore deposition). Although sediment loading
to the SCR mouth is reduced compared with historical levels and sea level will continue to rise,
hyperpycnal events still occur with sufficient frequency to maintain the mouth/estuary. The
current ENSO wet period is characterized by higher storm magnitude and frequency, which in
turn has potentially caused substantial geomorphic change within the SCRE, as compared to
historical conditions. Although it is not known exactly how long this wet period will persist, it
will likely continue into the foreseeable future, causing this current dynamic morphologic state to
continue in the near future.

Approximate

Abandoned active channel
mouth/estuary xtent
2 focation /
MOUTH CLOSURE
» Mearshore delta deposits /

get re-deposited as

rmouth barrier during low

discharge

FLUVIAL SEDIMENT DISCHARGE
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L ] * Hypopycnal flows (more

3 ESTUARY MAINTENANCE frequent)
* levees maintain fixed estuary
position on Oxnard Plain

» Hyperpycnal flows (less
frequent]

s Increased frequency of high
flowy events during current ENSO
wet period

s Stormrinduced flow density and Recent (2007)
floww constriction nmaintain a mouth/jestuary
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¢ Current ENSO wet period hos
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Figure 5-12. Conceptual model of the current and future maintenance of the SCR
mouth/estuary complex.

April 2011 Stillwater Sciences
133



Geomorphic Assessment of the SCR Watershed
6. Conclusions Synthesis of the Lower and Upper Studies

6 SYNTHESIS

This report has presented a geomorphic assessment of key natural and anthropogenically driven
processes that have physically shaped and continue to influence the entire SCR and its watershed;
it represents a synthesis of the USCR and LSCR studies recently conducted (Stillwater Sciences
2007a and 2011a), in addition to more geographically-focused studies (Stillwater Sciences 2007b,
2009, 2010, and 2011b). In those studies, and re-presented here, the overlying forces controlling
geomorphic processes and resulting conditions in the river and watershed are examined over past,
present, and future time frames, and at watershed-wide through sub-reach spatial scales. This
concluding chapter begins by summarizing the key findings and concludes with a list of
remaining information gaps that have the potential to affect management decision-making
throughout the SCR watershed.

6.1 Key Findings of the Watershed Geomorphic Assessment

The Santa Clara River functions in a relatively natural state along much of its entire length, in
marked contrast to many other coastal rivers of southern California, particularly those in more
urbanized basins such as the Los Angeles and Santa Ana rivers—where entire reaches have been
channelized with concrete, the majority of their floodplains have been paved, and water and
sediment originating from adjacent uplands have been intercepted. In contrast, the Santa Clara
River, including the LSCR and USCR halves, remains part of an active, dynamic system that
supports a relatively rich ecosystem, subject to episodic, sediment-mobilizing events that create
and renew this ecosystem but which also represent hazards to existing human developments,
particularly in the densely urbanized centers of Ventura and Santa Clarita. These hazards include
episodic occurrences of high-intensity storms with associated flash floods and debris flows,
earthquake-induced landslides, and wildfire-induced sediment pulses. The inherently
unpredictable nature of hillslope erosion processes results in substantial year-to-year variability in
tributary and river sediment loads. This behavior also makes the SCR unlike humid-region rivers,
where moderate discharges of intermediate recurrence carries the majority of the sediment load—
in contrast, the “dominant discharge” for the SCR is the largest discharge on record. As a
consequence of the periodically intense delivery of water and sediment, the SCR exhibits a highly
dynamic morphology subject to significant vertical and lateral adjustments, with localized
migration into adjacent floodplain areas.

Future planning in the SCR watershed therefore requires informed consideration of these
geomorphic processes, along with their associated area of influence and episodicity, in any
planning effort in order to avoid: (1) placing projects at risk from nature and/or human-induced
hazards; (2) further degrading the ecological functions and benefits of the system; and (3)
creating unintended consequences that further destabilize local conditions. Continued expansion
of the urban footprints of Ventura, Oxnard, Santa Paula, Fillmore, and Santa Clarita (particularly
in steep upland areas or along active margins of the SCR) has great potential to place a greater
proportion of the population and infrastructure closer to both the sources and the consequences of
the watershed’s major hazards. Continuing such urbanization while implementing measures to
limit risks from these hazards will further degrade the watershed’s ecologic quality, through
alteration or loss of existing habitat and disruption of the geomorphic processes that (re)create
new habitat. Such measures already implemented and likely to be expanded to protect the
growing urban footprint include levee construction, bank stabilization, channelization, and flow
and sediment routing structure (e.g., storm drains and debris basins). These hazard-prevention
measures provide a degree of safety, but they also can cause understandable (though not precisely
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predictable) responses by the river during large flood events that can raise the risk to human
safety and damage ecological functions.

6.2 Information Gaps Affecting Watershed Management Decision-
making

The reports on the LSCR (Stillwater Sciences 2007a) and the USCR (Stillwater Sciences 2011a)
identified several key information gaps in the general understanding of geomorphic processes in
the two halves of the watershed. We present here a comprehensive list of information gaps in the
understanding of the entire SCR watershed that we have identified over the course of this study.
When acquired and analyzed, these data could further assist watershed managers with their
assessment and planning endeavors. One primary overarching recommendation related to each of
the following information gaps is the need for inter-county coordination during watershed-wide
data collection efforts in order to provide the most seamless and effective datasets as possible.

o Repeat channel survey data: following the 2005 floods, an airborne LiDAR survey was
flown in both Ventura and Los Angeles counties. It provides the highest resolution
elevation dataset of the river bed to date. Previous bed elevation surveys in the LSCR and
USCR, as discussed above in Section 4.3.4, included several different sources, each with
unique resolution quality. Further, all available historic datasets lack the detail to
accurately determine river bed elevation changes finer than their respective resolutions can
reasonably afford when compared to each other or to the higher resolution LiDAR dataset.
In order to more rigorously detect changes in the river’s morphology in the future,
additional elevation surveys that employ high-resolution data collection techniques, such as
LiDAR, are needed. These surveys should be coupled with high-resolution aerial
photography taken with the elevation surveys to provide another layer of critical
information on watershed conditions.

¢ Additional sediment transport measurements: few bedload samples have been taken
during high flows in the SCR, making sediment transport modeling problematic because
coarse material transport is estimated from sediment transport equations that have
uncertain applicability in the SCR. The sediment loads in the river are so high, and such an
important component of planning for river management, that resources should be
committed for regular sampling of both bedload and suspended load in major tributaries
and the mainstem during high flow events.

¢ Inventory of flood management structures: there is currently no comprehensive spatial
database that contains information on all existing levees (both federal and non-federal),
bank protection (e.g., rock or concrete revetment), and channelized structures (concrete
banks with or without concrete stream beds) throughout the watershed, especially within
the more densely populated areas of Santa Clarita. The California Department of Water
Resources is presently digitizing federal and non-federal levees from available maps as part
of their flood management efforts (CDWR 2009) and both VCWPD and LADPW possess
numerous maps containing bridge, levee, debris basin, storm drain, and other flood
management-related infrastructure locations. However, compilation of a single, easily
referable spatial database containing the locations and attributes of all of these structures,
particularly those that are located within a stream channel’s active width, would greatly
assist those attempting to assess (and model) the impacts of these existing structures and
future structures on the hydrology, sediment transport capacity, and morphology of the
river corridor and its tributaries.
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Reservoir sedimentation measurements: presently, there are no known measurements of
sedimentation in Pyramid and Castaic lakes and sedimentation measurements in Lake Piru
and Bouguet Canyon Reservoir have not occurred since shortly after they were constructed
decades ago. These four reservoirs capture sediment being produced in nearly one-third of
the total SCR watershed area. Measuring sedimentation rates in these reservoirs via
bathymetric surveys, in addition to performing particle-size analysis of the accumulated
sediments, would potentially provide much needed insight into watershed sediment
production rates and processes. Because Castaic Lake is effectively split in two parts—
Elderberry Forebay captures upper Castaic Creek and Castaic Lake proper captures
Elizabeth Lake Canyon—sediment production rates and the processes that control them
could be further studied at a slightly finer scale when measuring sedimentation rates and
patterns in those two parts.

Investigation of the 1928 failure of the St. Francis Dam on geomorphic and sediment
transport effects: the impacts of the massive flood from the dam failure to the river and
valley morphology within and downstream of San Francisquito Canyon are not wholly
understood. Our analysis of historical changes in the river’s active width and bed elevation
indicate that narrowing and aggradation has generally occurred since this event. However,
it is not known whether these adjustments have finally achieved a state of relative
equilibrium (i.e., the river has recovered from the scouring flood), or whether the river is
still adjusting in response to this catastrophic event. Future topographic surveys and aerial
photography of both the SCR and lower San Francisquito Canyon would allow river
managers a means to continue tracking the evolution of these channel corridors, which are
becoming progressively more developed, that may still be adjusting to the dam failure
event.

Estimation of long-term coarse sediment yield: while reasonably reliable estimates of
hillslope sediment production are available, there is only limited information about how
much coarse sediment is transported downstream to the river corridor. Coarse sediment is
arguably the most important part of the load in this case because it is most relevant to
channel- and floodplain- forming processes and to littoral transport and beach
replenishment. The high hillslope sediment production rates reported here suggest that the
coarse load may be far higher than implied by previous sediment yield data. Quantifying
the rate of coarse sediment delivery to the river corridor is a major challenge but might be
achieved by comparing estimates of total load with estimates of suspended sediment yield
to derive a residual coarse load, or by bathymetric surveys of reservoir sedimentation (see
above).

Develop a better understanding of the relationship between historical sediment
supply changes and channel morphological change: most of our data regarding channel
change post-dates 1930. However, significant increases in sediment load caused by
ranching on hillslopes in the mid-19" century, together with reductions in riparian
vegetation caused by irrigation, diversions, and clearances in the early 20™ century may
have had profound morphological impacts on the river that are currently undocumented. A
dedicated scientific study of early phase human impacts on the SCR would help elucidate
the extent to which these pre-1930 impacts affected channel form, and the extent to which
their legacy must be accommodated in future river management strategies.

Pursuing these types of information to fill data gaps will allow for a better understanding of the
dynamics of the SCR, and provide managers with useful tools to predict how the river will
change and the likely outcomes of management, development, and restoration scenarios.
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Geomorphic Assessment of the SCR Watershed
Appendix A: Watershed Impacts Chronology Synthesis of the Lower and Upper Studies

WATERSHED IMPACTS CHRONOLOGY SUPPORTING MATERIALS

This appendix provides supplementary information that was used in the development of the impacts
assessments of the lower Santa Clara River (LSCR) and upper Santa Clara River (USCR) watersheds
(Stillwater Sciences 2007, 2011). These assessments were synthesized in Chapter 2 and Section 4.2 of
the main report to this appendix. The watershed impacts chronology is summarized in detail in Table A-
1. Compilation of available historic and forecasted population data for the watershed, including its major
urban centers, was conducted as part of this assessment and is summarized in Table A-2.

The methods employed to determine the “wet” and “dry” periods in the SCR watershed, as depicted in
Figure 2-1 in the main report, are also described here. Determining when wet and dry periods have
occurred in the past provides valuable context of the watershed’s historical hydrological conditions,
which have had strong influences on the watershed and, particularly, the river’s morphologic history and
likely future trajectory. That is, the largest floods have typically occurred during wet years and, further,
have typically been concentrated during wet periods (i.e., grouping of years). It is during these large
floods when the vast majority of sediment transport (i.e., geomorphic activity) has occurred in the
watershed and the river. For this analysis, two of the longest precipitation gauge records in the entire
Santa Clara River (SCR) watershed were utilized:

e LSCR: the Santa Paula station (#245A) operated by the Ventura County Watershed Protection
District (VCWPD) was used to represent the LSCR watershed conditions. The station began
measuring precipitation in water year 1873 and continues to present day. Data for this station can
be accessed from VCWPD’s website: http://www.vcwatershed.net/hydrodata/. Seasonal
precipitation values prior to this period were estimated by Freeman (1968) for water years 1770-
1872 based on information first published by Lynch (1931).

e USCR: the San Franciscquito Canyon station (Powerhouse #1) operated by the Los Angeles
Department Water and Power (LADWP) was used to represent the USCR watershed. Available
data from this station are from water years 1918-2009.

The methodology used was initially developed by Lynch (1931), as described and refined by Freeman
(1968). For our analysis, designation of wet and dry periods was determined by first calculating the
departure of the total annual precipitation for each water year from the average annual precipitation over
the entire period of record. The cumulative departure was then calculated for each water year and wet
periods and dry periods were determined as a function of the trend in cumulative departure values. Wet
periods were those periods of time when the cumulative departure values were consistently increasing
with time (i.e., there was a positive trend in the plot of cumulative value versus water year) and dry
periods were those periods of time when the cumulative departure values were consistently decreasing
with time (i.e., there was a negative trend in the plot of departure values versus water year). Freeman
(1968) described wet periods as “accumulation” periods and dry periods as “depletion” periods. The plots
we generated from the Santa Paula and San Francisquito Canyon precipitation gauge data are presented in
Figure A-1. Both plots show very similar patterns, with only two notable differences in their overall
trends: the San Francisquito Canyon gauge location (i.e., USCR watershed) experienced dry periods
during 1970-1977 and 1999-2004 while the Santa Paula gauge location (i.e., LSCR watershed)
maintained wet characteristics during these time periods. This result highlights the subtle hydrological
differences between these two halves of the SCR watershed, where the USCR portion is more arid than
the LSCR portion. Our plot for Santa Paula is similar to the plot Freeman (1968) created for the water
years he had available: 1770-1965 (Figure A-2).

Using a long-term record of wildfire data held by the state (CDF FRAP 2010), we applied a similar
analysis as described above for the long-term precipitation records to determine periods since 1911 when
a relatively high or low proportion of the SCR watershed has burned, termed here as “high burn” and
“low burn” periods, respectively (Figure A-3).
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Table A-1. Chronology of impacts to geomorphic processes in the USCR watershed.

Factor Pre-1850 | 1851-1870 | 1871-1800 | 1891-1900 | 1901-1910 | 1910-1920 | 1921-1030 | 1931-1940 | 1941-1950 | 19511960 | 1961-1970 | 1971-1980 | 1981-1990 | 19912000 2(%0;5&1)0 2010-2050 (future)
Climate
El Nino Southern WY 1952 WY 1964 WY 1973 WY 1983 WY 1992 WY 2003 Expect
Oscillation WY 1958 WY 1966 WY 1977 WY 1987 WY 1995 WY 2005 contemporary ENSO
(ENSO) Cycle WY 1969 WY 1978 WY 1988 WY 1998 WY 2007 cycle recurrence
&WY 1950-2010) WY 1970 WY 2010 interval of 3-8 years
to continue
Major Floods 1811 Jan 1862: 1884: 1893 and 1905: 1911, 1914, | March 12— [ 1932: Jan 23, Apr 3,1958: [Dec29,1965: [ Feb 11, 1973: [ Mar 1,1983: [Jan 12,1992: | Jan 9-11, Expect
& Dam Failure |1815 worst in 19th| Flood 1895: Reportedly | 1916: 13, 1928: St. | Montalvo 1943: Montalvo: Montalvo: Montalvo: Montalvo: Montalvo: 2005: contemporary 3-5
gWY 1928 — 2010)| 1820-21 century, discharge Flood contained the| Flood Francis Dam | gauge Saugus: 52,200 cfs 51,900 cfs 58,200 cfs 100,000 cfs 104,000 cfs Montalvo: year recurrence
CDEF 1824-25 made an unknown in | discharges | “greatest discharges | failure (est. initiated 15,000 cfs Co-line: Co-line: Co-line: Co-line: 136,000 cfs |interval of floods
1840 inland sea in | SCR, but unknown rainstorm unknown, 500,000— Mar 2, Feb 22, 32,000 cfs 12,800 cfs 30,600 cfs 12,300 cfs Co-line: >40,000 cfs at the
Ventura Co.; [ ~15 in. of since 1884” | but reports | 1,000,000 1938: 1944: Saugus: Feb 9,1978: | Saugus: Feb 18, 1993: | 32,000 cfs former Montalvo
eroded land; | rain in 34 1906, 1907, | of substantial| cfs); peak of | Montalvo: [ Saugus: 11,600 cfs Co-line: 14,925 cfs Co-line: Saugus: stream gauge
numerous hours; flood 1909: damages in | wall of water | 120,000 cfs; [ 22,200 cfs Jan 25, 1969: | 22,800 cfs Feb 15, 1986: | 10,700 cfs 20,900 cfs location (i.e., the
landslides waters Flood 1914 (e.g., |at 78 ft; water | Saugus: largest Mar 4, 1978 | Co-line: Jan 10, 1995: | Jan 2, 2006: [LSCR) and of floods
throughout | “swept down discharges | State 23 25 ft deep at | 24,000 cfs recorded flood | Montalvo: 12,300 cfs Montalvo: Co-line: >10,000 cfs at the
watershed Soledad unknown, bridge) and | Santa Paula Montalvo: 102,200 cfs 110,000 cfs 12,500 cfs Co-line stream
1867: Canyon but river all of the US | (42 mi d/s); | Comparable 165,000 cfs Feb 16, 1980: Co-line: gauge (i.e., the
Flood and... spread flowed southwest parts of to 1914, but Co-line; Montalvo: 17,100 cfs USCR) to continue
discharge out over the through was Ventura Co. |[<1862 & 68,800 cfs 81,400 cfs Feb 23, 1998:
unknown valley”; river Santa Paula |impacted in [under 70 ft of | 1884 Feb 26, 1969: | Co-line: Montalvo:
banks and damaged| 1916 debris; 385 caused more | 13,900 cfs 84,000 cfs
stripped bare Saticoy killed; 1,250 | Extensive damage than Co-line:
of riparian Bridge and homes lost; [ damages: Jan flood 10,000 cfs
trees farmland 23,700 ac of | farmland, Saugus: Saugus:
orchards lost; | and Saticoy, 31,800 cfs 19,000 cfs
~$5.5M Newhall
damage Ranch, and
Sta. Paula
STW bridges
Wildfires 1917 1928 Ridge 1932 1968 Liebre 1985 2003 Simi Expect historical
(10 largest fires Unnamed | Fire #98: Matilija Fire: Ferndale Fire: 178 km? [~40-yr recurrence of
in the watershed, Fire: 176 km? Fire: 196 km? Fire: (44,064 ac)  [*high burn” periods
1878-2009) © 178 km? (43,472 ac) | 548 km? (48,523 ac) 174 km? Santa Susana [to continue
(See Figure A-3) (44,009 ac) | Piru Creek (135,358 ac) Upper Castaic (42,980 ac) Mtns
Sespe and Sespe and Creek Santa Paula 2003 Piru
Piru creeks upper Santa Creek Fire: 258 km?
Paula creeks (63,726 ac)
Piru Creek
2006 Day
Fire: 652 km?
(161,148 ac)
Sespe Creek
2007
Buckweed
Fire:
155.2 km?
(38,347 ac)
Bouquet
Canyon
2007 Ranch
Fire:
236 km?
(58,410 ac)
Piru Creek
April 2011 Stillwater Sciences

A-2



Appendix A: Watershed Impacts Chronology

Geomorphic Assessment of the SCR Watershed
Synthesis of the Lower and Upper Studies

Factor Pre-1850 | 1851-1870 | 1871-1890 | 1891-1900 | 1901-1910 | 1910-1920 | 1921-1930 | 1931-1940 | 1941-1950 | 1951-1960 | 1961-1970 | 1971-1980 | 1981-1990 | 1991-2000 2&or1e;§2%)o 2010-2050 (future)
Channel Management
Channelization & St. Francis 1950s — present: Expect increased
Bank Protection Dam disaster Urban developments encroach on floodplain and prompt construction of hardened banks of need for flood and
F.H prompts start river, some levees along the river channel, and highly channelized sections of the lower reaches [debris protection
of of several tributaries, mostly near the more urbanized areas of Ventura and Santa Clarita. infrastructure as
channelization population and
on tributaries urban footprint
and bank increases,
protection on particularly in the
the river Santa Clarita Valley
Regulation ™ 1912: Dry Canyon Reservoir on Dry Canyon (trib. to Bouquet Canyon): 12 km? (4.5 mi?); taken out of operation in 1966 due to seepage problems, but dam [No new reservoirs
remains in place planned
1926-1928:  [1934: Bouquet Canyon Reservoir on Bouguet Canyon: 35 km? (13.6 mi?)
E?anisquito 1955: Lake Piru (Santa Felicia Dam) on Piru Creek: 1,091 km? (421 mi?)
Reservoir (St. 1972: Castaic Lake on Castaic Creek:398 km? (154 mi?); and
Francis Dam) Pyramid Lake on upper Piru Creek: 759 km? (293 mi?)
on San
Francsiquito
Canyon:
98 km?
(38 mi®); dam
collapsed Mar
12-13, 1928
Abstraction &7 1930: SCVWD began Piru Creek diversions No new diversion
1931: SCVWD began Santa Paula Creek diversions structures planned,
- — — - but modifications to
1954-56: Lower River Project improved diversion at Saticoy and elsewhere the Harvey and
1991: Freeman Diversion Dam completed on the LSCR Freeman diversion
dams and to usage
changes of certain
spreading grounds
have been proposed
Instream Start of 1950s: Instream aggregate mining begins in Soledad Canyon (USCR) at Lang Station Road Instream operations
Aggregate small-scale 1960s: Earliest 1986-92- Minin o (SMP #86357) in
290 IRT T K : : g activity along
Mining aggregate SCR mining lower Sespe Creek Soledad Canyon
mining in permits issued —— xpected to
river 1980s: VC 1996: one active instream continue, but
created red line Joperation remaining in LAC; 3 |unknown when
for mining out-of-river in LAC and VC  [operations may
depth in river cease and/or when
1989: most new operations

agg. mining in
LSCR finished

elsewhere along the
SCR may initiate

ManagFement 1912: 1925: Santa 1944: Ventura [1950s: 1985: 1992: 51 km  [Sept 29, 2004: [Watershed
Policy "™ Los Angeles | Clara River County Flood LA County LADPW forms |(32 mi) of USACE, management
County Protective Control begins taxing as upper Sespe  |LADPW, and |agencies and actions
Flood Assoc. formed District (now |property based consolidation  [Creek \VCWPD would continue
Control to retain \VCWPD) on housing and of the Flood  [designated as |initiated the
District control of 1950: commercial Control \Wild and Santa Clara
formed SCR SCWCD and |potential, District, Scenic River
1927: City of initiating large- County Feasibility
SCWCD Oxnard form |scale urban Engineer, and Study
formed from UWCD development Road
SCRPA Department
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Factor Pre-1850 | 1851-1870 | 1871-1890 | 1891-1900 | 1901-1910 | 1910-1920 | 1921-1930 | 1931-1940 | 1941-1950 | 19511960 | 1961-1970 | 1971-1980 | 1981-1990 | 1991-2000 2&or1e;§2%)o 2010-2050 (future)
Irrigation By 1870s: By 1890s: Early 1900s:| 1912: 17,000( 1925: 35,000 1947-1960s: [1960: Santa 1960s: Santa  [1980: State 1981-1990: 1990s: 2000s: Groundwater
Infrastructure & water Water 16,000 ac ac irrigated | ac irrigated in Santa Clarita |Clarita Valley [Clarita Valley [Water Project [State Water Groundwater |Recycled water [extraction rates
Groundwater demands demands irrigated in | in VVC by VvC \Valley groundwater  [groundwater  |via Castaic Project delivers [production in  [use begins in  |expected to be
Extraction &7 H ! high enough [ high enough | Ventura surface flows (USCR) pumping for  |pumping for  [Lake Water ~15,000 AFY |[Santa Clarita |[Santa Clarita [similar to
M to need to need County of SCR groundwater [municipal: municipal use: [Agency begins [1980s-1990s: [Valley: 43,500 [Valley contemporary

pumped pumped 1913: First pumping for [5,000 AFY 10,000 AFY  [to augment Santa Clarita  [AFY; Acton  |2000s: levels; Up to 95,200
water water public water agriculture: 1969: 101,140 [Santa Clarita [Valley basin: ~1,500 [Groundwater |AFY of State Water
supplies in | supplies utility in the 27,000 — ac irrigated in  [Valley groundwater  [AFY production in  |Project supply is
watershed Santa Clarita 42,000 AFY \VC groundwater  Jpumping for  [1991-2000:  [Santa Clarita [available to Castaic
Valley est: 1949: 107,689 1960s-1980s: [supply agriculture: State Water  |Valley and Lake Water Agency
Newhall ac irrigated in Santa Clarita |1980: Santa 9,000 AFY Project delivers JActon basin:
Water VC Valley Clarita Valley ~19,000 AFY [~30,000 -
System (now groundwater  [groundwater 1990s-2000s: [35,000 AFY
NCWD) pumping for  [pumping for Santa Clarita  [2001-2005:
1919: 31,700 agriculture: municipal uses: groundwater  [State Water
ac irrigated ~12,500 AFY [22,000 AFY pumping for  [Project delivers
inVvVC 1980: 106,480 agriculture: ~44,000 AFY
ac irrigated in 13,500 AFY
\/C
April 2011 Stillwater Sciences

A-4



Appendix A: Watershed Impacts Chronology

Geomorphic Assessment of the SCR Watershed
Synthesis of the Lower and Upper Studies

Factor Pre-1850 | 1851-1870 | 1871-1890 | 1891-1900 | 1901-1910 | 1910-1920 | 1921-1930 | 1931-1940 | 1941-1950 | 19511960 | 1961-1970 | 1971-1980 | 1981-1990 | 1991-2000 2&or1e;§2%)o 2010-2050 (future)
Land Use Changes
A%riculture B.EF | Early 1800s: | 1863-1864: |1880s: 1892: Post-WW!1: 1936: Los 1950: 66,000 [1960s—1990s: agriculture in Santa Clarita Valley diminishes as  [2000s— Currently zoned
M., 0 Ranching drought 15,000 acres | Angeles citrus Padres ac of orchards [urban developments expand present: Crop [agriculture (crops,
and farming | decimates of wheat in | National becomes National along LSCR cultivation ranching, etc.) lands
begins with | cattle Santa Clarita | Forest est.— main crop in Forest est., remains active [remain in general
est. of industry, Valley— federal VC assembled mostly in plan maps of
Spanish replaced largest control over 1917: 29,000 from several LSCR and Ventura and LA
Mission and | initially by | exported of |land use in ac of smaller some ranching [counties
Rancho sheep, wheat in semi- orchards National practices
followed by | state protected along LSCR Forests (e.g., remain active
Removal of [ recovery of area Santa Barbara mostly in
riparian and | cattle Continued NF, San USCR (e.g.,
scrub/shrub | industry in | conversion Gabriel NF LActon basin)
vegetation USCR; of native [portion],
cover to shifted focus [ vegetation Pine Mtn and
grazingand |to ag. in areas to Zaca Lake
farm land Ventura Co. |agricultural reserves, and
lands Santa Ynez
throughout Reserve)
SCR
Urbanization 1770: 1866: City | 1878: towns | 1900: 1910: 1920: Mid-1920s: (1940: 1950: 1960: 1965: town of [1980: 1987: City of [2000: 2010: \Watershed
(See Table A-2) Portola of Ventura | of Newhall |Watershed [Watershed |Watershed |town of Val |Watershed [Watershed \Watershed VValencia est.  [Watershed Santa Clarita  [Watershed \Watershed population expected
Expedition | incorporated | and Saugus | population: | population: | population: |Verde est. population  [population population 1970: population incorporated  |population population to increase at current
encounters | 1870: town | est. 8,361 12,424 19,013 1930: 46,487 61,342 63,651 \Watershed 193.832 with merging  [380,879 486,899 growth rates:
~1,000 of Santa 1887: towns | 1903: Watershed population of the towns 2020:
Native Paula est. of Acton and | City of population: 134,806 Canyon ~570,000
Americans | 1870: Piru est. Oxnard 1903 39,256 Country, 2030:
living in the [Watershed |[1888:town |est. Newhall, ~660,000
Santa Clarita | population: | of Fillmore Saugus, and 2040:
Valley 628 est. Valencia ~760,000
1782: 1890: 1990: 2050:
Mission San Watershed \Watershed ~880,000
Buena- population: population
ventura est. 9,707 242,899
1797:
Mission San
Fernando est.
1850:
California
gains US
statehood
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Factor Pre-1850 | 1851-1870 | 1871-1890 | 1891-1900 | 1901-1910 | 1910-1920 | 1921-1930 | 1931-1940 | 1941-1950 | 19511960 | 1961-1970 | 1971-1980 | 1981-1990 | 1991-2000 2&or1e;§2%)o 2010-2050 (future)
Linear Features 1870s: So. 1910s- 1963: Highway [1960s: 1980s-present: Numerous city and
Construction Pacific 1920s: 101 completed [Interstate 5 and Numerous roads and bridges constructed along |county roads are
groad and rail) ®F Railroad Extensive through VC State Highway floodplain and across USCR through the Santa [planned and/or

constructed development 14 constructed, Clarita Valley expected to be

line from of paved bisecting constructed

Newhall roads and drainages and according to general
through construction re-routing plans of Ventura and
Soledad of more water and LA counties, with a

Canyon permanent sediment greater

1880s: bridges concentration in the

Railway line Santa Clarita Valley
constructed

west to

Ventura

Abbreviations:
ac = acres
AFY = acre-feet per year

Sources:

A NWS CPC. 2010.

B

C

P Magnitude of St. Francis Dam flood: Begnudelli and Sanders (2007).
E

P General historical information: AMEC (2005).

G

H

|

J

K

~ County tax policy: Worden (1995).

M

'; Historical agriculture practices information: Manzer (2006).
p

LADPW = Los Angeles County Department of Public Works

cfs = cubic feet per second km? = square kilometers
est. = established

Historical flood events: Freeman (1968), Schwartzberg and Moore (1995), Engstrom (1995), Paulson et al. (1991).

Future agriculture land zoning information: County of Ventura (2008), LACDRP (2009), and CNRA (2010).
History of California highways: California Highways website (2010).

Historical accounts from the Santa Clarita Valley Historical Society webpage: http://www.scvhistory.com, accessed 30 August 2010.
Discharge records from the former Montalvo gauge (USGS 11114000), County line gauge (USGS 11108500, 11109000), Santa Clara River near Saugus (USGS 11107922), and Santa Clara River at Old Road Bridge (LADPW F-92).

Wildfire name, date, and total area: CDF FRAP (2010); areal extent within the SCR watershed determined in GIS for this study.
General historical information on water resources: Kennedy/Jenks Consultants (2008).
General abstraction information on groundwater resources: UWCD 2007 and Fox Canyon GMA 2007
In- and off-channel extraction rates estimated: Joseph et al. (1987); In-channel extraction rates by USACE (A. Allen, pers. comm., 2010);
Aggregate mining activity information for lower Sespe Creek: Stillwater Sciences 2010.

SCV = Santa Clarita Valley
USACE = U.S. Army Corps of Engineers

USCR = Upper Santa Clara River

Groundwater use history and pumping data: Hamilton (1999); NCWD (2010); CLWA (2003); Slade and Associates (2002, as cited in CDWR 2006); Slade (1990, as cited in CDWR 2004).

WY = water year

VCWPD = Ventura County Watershed Protection District
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Table A-2. Historical and forecasted populations in the SCR watershed.

Ventura Co. population within the LSCR watershed Los Angeles Co. population within the USCR watershed
Santa Clarita Valley Total for
Year . . . . Total for Total for | entire SCR
Ventura Saticoy Santa Paula | Fillmore Piru LSCR Val Verde Valencia Newhall Canyon ( giﬂ%tﬁt Santa i Total SCV Acton USCR watershed
Country Canyon) Clarita

1850
1860 628 ¢ 628" 628
1870 265 ™ 265" 265
1880 1,370°¢ 188°¢ 3,943° 61° 412 % 412" 4,355
1890 2,320 ¢ 218°¢ 1,047 ¢ 6,996 ° 2,711 2,711 ° 9,707
1900 2,470 ¢ 7,377°¢ 984 984 f 8,361
1910 2,901 °¢ 2,216 ¢ 10,537 ¢ 1,887 % 1,887 12,424
1920 4,156 ¢ 3,967 ¢ 1,597 ¢ 16,822 ¢ 2,191 % 2,191 ° 19,013
1930 11,603 ¢ 7,452 °¢ 2,893 °¢ 36,230 ¢ 3,026 % 3,026 ° 39,256
1940 13,264 ¢ 8,986 ¢ 3,252°¢ 733° 40,849 ¢ 1,666 5,638 5,638 ¢ 46,487
1950 16,534 ¢ 2,216 ¢ 11,049 3,884 °¢ 51,3419 2,527 ¢ 10,001 10,001 ¢ 61,342
1960 29,114° 2,283° 13,279 °¢ 4,808 51,148 " 4,705 ¢ 12,503 ° 63,651
1970 57,964 ° 18,001 © 6,285 ° 86,217 " 4,243° 9,651 ° 48,589 " 134,806
1980 73,774°¢ 20,658 °© 9,602 ° 1,284 ¢ 120,672 " 12,163 ¢ 12,029 © 15,728 ¢ 16,283 ¢ 66,730 ° 73,160 " 73,160 193,832
1990 92,575 °¢ 25,062 11,992 1,157 ¢ 130,786 f 1,689 ¢ 110,642 1,471°¢ 112,113 242,899
2000 100,916 © 28,598 13,643 1,196 ¢ 155,276 1,472°¢ 151,088 © 212,611 2,390 ° 225,603 380,879
2010 109,946 ¢ 30,048 ¢ 15,787 ¢ 175,950 177,641 ¢ 301,774 9,175" 310,949 486,899
2020 201,565 222,290 368,691 368,691 570,256
2030 230,909 242,620 428,209 428,209 659,118
2040 264,525 497,335 497,335 761,860
2050 303,035 577,620 577,620 f 880,655

Blank cells = no data available and/or projections were not made

Sources:

& Often referred to in census reports as San Buenaventura.
" Incorporated in 1987 with the union of Canyon Country, Newhall, Saugus, and Valencia.

b.

° CDF 2010a
¢ CDF 2010b
e

- CDF 2010c; Derivation of Ventura Co. total from sum of township data from Fillmore (1910-1950), Piru (1890-1950), Santa Paula (1900-1950), Saticoy (1880-1900), and Ventura (1880-1950; included only San Buenaventura and Saticoy, excluded Chrisman and Nordhoff which are not in the

SCR watershed boundaries).

- Value estimated by Stillwater Sciences using all available population data in the absence of available watershed-wide data.

- U.S. Census Bureau 1952; majority of the USCR watershed was referred to as Soledad Township in the 1940 and 1950 census data.
U.S. Census Bureau 1982; for the USCR—Newhall Division included: Canyon Country (CDP), part of Los Angeles city, Newhall (CDP), Saugus-Bouquet Canyon (CDP), and Valencia (CDP); for the LSCR—included Divisions of Fillmore-Piru, Santa Paula, and Ventura.

County of Ventura 2008; included zoning areas of Fillmore, Piru, San Buenaventura, and Santa Paula; 2000 value based on 2000 census data; 2010-2020 values are forecasts made by County of Ventura (average annual growth rate = 1.5%).

Population projected by Stillwater Sciences using average annual growth rates for the LSCR watershed estimated by Ventura County (2008; 1.5%, see footnote i) and for the USCR watershed estimated by Kennedy/Jenks (2008; 1.6%, see footnote I).

Kennedy/Jenks 2008

Earle 2003

City of Acton 2010
Value from sum of Newhall CDP population (CDF 2010a) and populations from unincorporated census tracts identified by Kennedy/Jenks (2008) to be situated within the USCR watershed (U.S. Census Bureau 1962; tracts: 9012, 9108, and 9201).

U.S. Census Bureau 1973

f.

9

h.

i

i

:" CDF 2010d; included Soledad Township (includes Newhall CDP).
m.

n.

0.

p.
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Figure A-1. Wet and dry periods at Santa Paula (a) and San Francisquito Canyon (b).
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DEBRIS BASIN AND RESERVOIR SEDIMENTATION RECORDS

This appendix provides the source data of sedimentation rates recorded in Ventura County
Watershed Protection District (VCWPD) and Los Angeles County Department of Public Works
(LADPW) operated debris basins in the SCR watershed, Los Angeles County Department of
Water and Power (LADWP) operated debris basins at Castaic Powerplant, and Lake Piru and
Bouquet Canyon reservoirs. All data were provided to us in 2010 and represent the most current
information available. Data from the VCWPD debris basins for records up through WY 2005
were based on information published by VCWPD in their Debris and Detention Basins report
(2005) (re-presented here as Figures B-1 through B-8). More recent cleanout data from WY
2005-2008 were provided by Dr. Yunsheng Su, engineer with VCWPD (Table B-1). Data from
the LADPW debris basins were provided by Mr. Martin Araiza, engineer with LADPW (Table B-
2). Data from the LADWP Castaic Powerplant debris basins were provided by Ms. Gloria Wu,
technical staff member with LADWP (Table B-3). Finally, data from Lake Piru and Bouquet
Canyon reservoirs were provided by WICP ACWI (2010) (Figures B-9 and B-10).

These sedimentation data were used in our analysis of sediment yields in the SCR watershed (see
Section 3.3.2 of the main report), with the exception of debris basins “Franklin Barranca”,
“Knoll” and “Line ‘A’ which were not used because their periods of record were less than one
year. The sedimentation data from Lake Piru and Bouquet Canyon reservoirs were subsequently
refined by Minear and Kondolf (2009) in order to better account for reservoir trapping
efficiencies and more appropriate sediment density conversions.

The locations of the debris basins and reservoir structures are shown in Figure 3-6 of the main
report. Additional information on the VCWPD and LADPW debris basins is provided in
VCWPD 2005 and LADPW 2006, respectively.
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Figure B-1. Sedimentation records of the VCWPD-operated Adams Barranca debris basin
located in the LSCR watershed (reprinted from VCWPD 2005).
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Figure B-2a. Sedimentation records of the VCWPD-operated Arrundell Barranca debris basin
located in the LSCR watershed (Page 1 of 2; reprinted from VCWPD 2005).
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Figure B-2b. Sedimentation records of the VCWPD-operated Arrundell Barranca debris basin
located in the LSCR watershed (Page 2 of 2; reprinted from VCWPD 2005).
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Figure B-3. Sedimentation records of the VCWPD-operated Cavin Road debris basin located in
the LSCR watershed (reprinted from VCWPD 2005).
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Figure B-4. Sedimentation records of the VCWPD-operated Fagan Canyon debris basin located
in the LSCR watershed (reprinted from VCWPD 2005).
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Figure B-5. Sedimentation records of the VCWPD-operated Franklin Barranca debris basin
located in the LSCR watershed (reprinted from VCWPD 2005).
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Figure B-6a. Sedimentation records of the VCWPD-operated Jepson Wash debris basin located
in the LSCR watershed (Page 1 of 3; reprinted from VCWPD 2005).
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Figure B-6b. Sedimentation records of the VCWPD-operated Jepson Wash debris basin located
in the LSCR watershed (Page 2 of 3; reprinted from VCWPD 2005).
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Figure B-6¢. Sedimentation records of the VCWPD-operated Jepson Wash debris basin located
in the LSCR watershed (Page 3 of 3; reprinted from VCWPD 2005).
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Figure B-7a. Sedimentation records of the VCWPD-operated Real Wash debris basin located in
the LSCR watershed (Page 1 of 3; reprinted from VCWPD 2005).
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Figure B-7b. Sedimentation records of the VCWPD-operated Real Wash debris basin located in
the LSCR watershed (Page 2 of 3; reprinted from VCWPD 2005).
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Figure B-7c. Sedimentation records of the VCWPD-operated Real Wash debris basin located in
the LSCR watershed (Page 3 of 3; reprinted from VCWPD 2005).
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Figure B-8a. Sedimentation records of the VCWPD-operated Warring Canyon debris basin
located in the LSCR watershed (Page 1 of 3; reprinted from VCWPD 2005).
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Figure B-8b. Sedimentation records of the VCWPD-operated Warring Canyon debris basin
located in the LSCR watershed (Page 2 of 3; reprinted from VCWPD 2005).
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Figure B-8c. Sedimentation records of the VCWPD-operated Warring Canyon debris basin
located in the LSCR watershed (Page 3 of 3; reprinted from VCWPD 2005).
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Table B-1. Sedimentation records of the VCWPD-operated debris basins located in the LSCR
watershed for the period of WY 2004-2008.

Debris basin name

Volume of sediment removed, cubic yards (cubic meters)

WY 2004 WY 2005 WY 2006 WY 2007 WY 2008
Adams Barranca 110,227 30,626
(84,275) (23,415)
Arundell Barranca
. 9,545
Cavin Road (9.298)
98,012
Fagan Canyon (74936)
Franklin Barranca
66,239 10,033
Jepson Wash (50.643) (7.671)
108,617 21,291 3,186 17,541
Real Wash (83,044) (16.278) (2.436) (13.411)
Warrina Canvon 17,578 107,652 6,890
g ~any (13,439) (82,306) (5,268)

Empty cells indicate no cleanout was performed.

Source: VCWPD (Y. Su, pers. comm., 2010), data presented as received with an addition of the extraction volume also
reported in cubic meters per year.

Table B-2. Sedimentation records of the LADPW-operated debris basins located in the USCR

watershed.
Debris basin name Season Water year Cubic yards Cubic meters
removed removed

CROCKER 1982-83 1983 0.0 0.0
CROCKER 1983-84 1984 0.0 0.0
CROCKER 1984-85 1985 0.0 0.0
CROCKER 1985-86 1986 0.0 0.0
CROCKER 1986-87 1987 0.0 0.0
CROCKER 1987-88 1988 0.0 0.0
CROCKER 1988-89 1989 0.0 0.0
CROCKER 1989-90 1990 0.0 0.0
CROCKER 1990-91 1991 0.0 0.0
CROCKER 1991-92 1992 5865.0 4486.7
CROCKER 1992-93 1993 2707.0 2070.9
CROCKER 1993-94 1994 0.0 0.0
CROCKER 1994-95 1995 4864.0 3721.0
CROCKER 1995-96 1996 0.0 0.0
CROCKER 1996-97 1997 0.0 0.0
CROCKER 1997-98 1998 300.0 229.5
CROCKER 1998-99 1999 0.0 0.0
CROCKER 1999-00 2000 0.0 0.0
CROCKER 2000-01 2001 90.0 68.9
CROCKER 2001-02 2002 0.0 0.0
CROCKER 2002-03 2003 0.0 0.0
CROCKER 2003-04 2004 0.0 0.0
CROCKER 2004-05 2005 0.0 0.0
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Debris basin name Season Water year Cubic yards Cubic meters
removed removed

CROCKER 2005-06 2006 0.0 0.0
CROCKER 2006-07 2007 0.0 0.0
CROCKER 2007-08 2008 0.0 0.0
KNOLL 2004-05 2005 10250.0 7841.3
LINE "A" 2004-05 2005 683.0 522.5
MARSTON/PARAGON 1988-89 1989 0.0 0.0
MARSTON/PARAGON 1989-90 1990 879.0 672.4
MARSTON/PARAGON 1990-91 1991 0.0 0.0
MARSTON/PARAGON 1991-92 1992 0.0 0.0
MARSTON/PARAGON 1992-93 1993 0.0 0.0
MARSTON/PARAGON 1993-94 1994 130.0 99.5
MARSTON/PARAGON 1994-95 1995 140.0 107.1
MARSTON/PARAGON 1995-96 1996 0.0 0.0
MARSTON/PARAGON 1996-97 1997 0.0 0.0
MARSTON/PARAGON 1997-98 1998 0.0 0.0
MARSTON/PARAGON 1998-99 1999 0.0 0.0
MARSTON/PARAGON 1999-00 2000 0.0 0.0
MARSTON/PARAGON 2000-01 2001 0.0 0.0
MARSTON/PARAGON 2001-02 2002 800.0 612.0
MARSTON/PARAGON 2002-03 2003 0.0 0.0
MARSTON/PARAGON 2003-04 2004 0.0 0.0
MARSTON/PARAGON 2004-05 2005 0.0 0.0
MARSTON/PARAGON 2005-06 2006 0.0 0.0
MARSTON/PARAGON 2006-07 2007 0.0 0.0
MARSTON/PARAGON 2007-08 2008 0.0 0.0
OAKDALE 2004-05 2005 72744.0 55649.2
OAKDALE 2005-06 2006 0.0 0.0
OAKDALE 2006-07 2007 0.0 0.0
OAKDALE 2007-08 2008 0.0 0.0
OAKDALE 2008-09 2009 7600.0 5814.0
SADDLEBACK 1990-91 1991 0.0 0.0
SADDLEBACK 1991-92 1992 0.0 0.0
SADDLEBACK 1992-93 1993 20.0 15.3
SADDLEBACK 1993-94 1994 0.0 0.0
SADDLEBACK 1994-95 1995 2440.0 1866.6
SADDLEBACK 1995-96 1996 1060.0 810.9
SADDLEBACK 1996-97 1997 0.0 0.0
SADDLEBACK 1997-98 1998 0.0 0.0
SADDLEBACK 1998-99 1999 0.0 0.0
SADDLEBACK 1999-00 2000 0.0 0.0
SADDLEBACK 2000-01 2001 990.0 757.4
SADDLEBACK 2001-02 2002 0.0 0.0
SADDLEBACK 2002-03 2003 0.0 0.0
SADDLEBACK 2003-04 2004 0.0 0.0
SADDLEBACK 2004-05 2005 0.0 0.0
SADDLEBACK 2005-06 2006 0.0 0.0
SADDLEBACK 2006-07 2007 0.0 0.0
SADDLEBACK 2007-08 2008 0.0 0.0
SHADOW 1994-95 1995 0.0 0.0
SHADOW 1995-96 1996 0.0 0.0
April 2011 Stillwater Sciences

B-18



Geomorphic Assessment of the SCR Watershed

Appendix B: Debris Basin and Reservoir Sedimentation

Synthesis of the Lower and Upper Studies

Debris basin name Season Water year Cubic yards Cubic meters
removed removed
SHADOW 1996-97 1997 0.0 0.0
SHADOW 1997-98 1998 0.0 0.0
SHADOW 1998-99 1999 0.0 0.0
SHADOW 1999-00 2000 0.0 0.0
SHADOW 2000-01 2001 0.0 0.0
SHADOW 2001-02 2002 0.0 0.0
SHADOW 2002-03 2003 5370.0 4108.1
SHADOW 2003-04 2004 0.0 0.0
SHADOW 2004-05 2005 12120.0 9271.8
VICTORIA 2002-03 2003 0.0 0.0
VICTORIA 2003-04 2004 0.0 0.0
VICTORIA 2004-05 2005 32208.0 24639.1
VICTORIA 2005-06 2006 0.0 0.0
VICTORIA 2006-07 2007 0.0 0.0
VICTORIA 2007-08 2008 0.0 0.0
VICTORIA 2008-09 2009 2670.0 2042.6
WEDGEWOOD 2001-02 2002 0.0 0.0
WEDGEWOOD 2002-03 2003 0.0 0.0
WEDGEWOOD 2003-04 2004 0.0 0.0
WEDGEWOOD 2004-05 2005 0.0 0.0
WEDGEWOOD 2004-06 2006 1611.0 1232.4
WHITNEY 2000-01 2001 0.0 0.0
WHITNEY 2001-02 2002 0.0 0.0
WHITNEY 2002-03 2003 0.0 0.0
WHITNEY 2003-04 2004 0.0 0.0
WHITNEY 2004-05 2005 1540.0 1178.1
WILDWOOD 1967-68 1968 2092.0 1600.4
WILDWOOD 1968-69 1969 15986.0 12229.3
WILDWOOD 1969-70 1970 1199.0 917.2
WILDWOOD 1970-71 1971 4830.0 3695.0
WILDWOOD 1971-72 1972 201.0 153.8
WILDWOOD 1972-73 1973 4013.0 3069.9
WILDWOOD 1973-74 1974 1422.0 1087.8
WILDWOOD 1974-75 1975 286.0 218.8
WILDWOOD 1975-76 1976 0.0 0.0
WILDWOOD 1976-77 1977 1020.0 780.3
WILDWOOD 1977-78 1978 16699.0 12774.7
WILDWOOD 1978-79 1979 4433.0 3391.2
WILDWOOD 1979-80 1980 13558.0 10371.9
WILDWOOD 1980-81 1981 933.0 713.7
WILDWOOD 1981-82 1982 549.0 420.0
WILDWOOD 1982-83 1983 5527.0 4228.2
WILDWOOD 1983-84 1984 0.0 0.0
WILDWOOD 1984-85 1985 0.0 0.0
WILDWOOD 1985-86 1986 0.0 0.0
WILDWOOD 1986-87 1987 0.0 0.0
WILDWOOD 1987-88 1988 911.0 696.9
WILDWOOD 1988-89 1989 0.0 0.0
WILDWOOD 1989-90 1990 0.0 0.0
WILDWOOD 1990-91 1991 0.0 0.0
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Debris basin name Season Water year Cubic yards Cubic meters
removed removed
WILDWOOD 1991-92 1992 13185.0 10086.5
WILDWOOD 1992-93 1993 4706.0 3600.1
WILDWOOD 1993-94 1994 0.0 0.0
WILDWOOD 1994-95 1995 5560.0 4253.4
WILDWOOD 1995-96 1996 0.0 0.0
WILDWOOD 1996-97 1997 0.0 0.0
WILDWOOD 1997-98 1998 13500.0 10327.5
WILDWOOD 1998-99 1999 0.0 0.0
WILDWOOD 1999-00 2000 0.0 0.0
WILDWOOD 2000-01 2001 1260.0 963.9
WILDWOOD 2001-02 2002 0.0 0.0
WILDWOOD 2002-03 2003 0.0 0.0
WILDWOOD 2003-04 2004 0.0 0.0
WILDWOOD 2004-05 2005 0.0 0.0
WILDWOOD 2005-06 2006 11983.0 9167.0
WILDWOOD 2006-07 2007 0.0 0.0
WILDWOOD 2007-08 2008 0.0 0.0
WILLAM S HART 1983-84 1984 0.0 0.0
WILLAM S HART 1984-85 1985 0.0 0.0
WILLAM S HART 1985-86 1986 321.0 245.6
WILLAM S HART 1986-87 1987 0.0 0.0
WILLAM S HART 1987-88 1988 0.0 0.0
WILLAM S HART 1988-89 1989 0.0 0.0
WILLAM S HART 1989-90 1990 0.0 0.0
WILLAM S HART 1990-91 1991 0.0 0.0
WILLAM S HART 1991-92 1992 0.0 0.0
WILLAM S HART 1992-93 1993 0.0 0.0
WILLAM S HART 1993-94 1994 0.0 0.0
WILLAM S HART 1994-95 1995 97.0 74.2
WILLAM S HART 1995-96 1996 0.0 0.0
WILLAM S HART 1996-97 1997 0.0 0.0
WILLAM S HART 1997-98 1998 0.0 0.0
WILLAM S HART 1998-99 1999 0.0 0.0
WILLAM S HART 1999-00 2000 0.0 0.0
WILLAM S HART 2000-01 2001 72.0 55.1
WILLAM S HART 2001-02 2002 0.0 0.0
WILLAM S HART 2002-03 2003 0.0 0.0
WILLAM S HART 2003-04 2004 0.0 0.0
WILLAM S HART 2004-05 2005 0.0 0.0
WILLAM S HART 2005-06 2006 0.0 0.0
WILLAM S HART 2006-07 2007 0.0 0.0
WILLAM S HART 2007-08 2008 0.0 0.0
YUCCA 1996-97 1997 0.0 0.0
YUCCA 1997-98 1998 0.0 0.0
YUCCA 1998-99 1999 0.0 0.0
YUCCA 1999-00 2000 2447.0 1872.0
YUCCA 2000-01 2001 0.0 0.0
YUCCA 2001-02 2002 0.0 0.0
YUCCA 2002-03 2003 0.0 0.0
YUCCA 2003-04 2004 0.0 0.0
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Debris basin name Season Water year Cubic yards Cubic meters
removed removed
YUCCA 2004-05 2005 4661.0 3565.7

Source: LADPW (M. Araiza, pers. comm., 2010), data presented as received with an addition of the extraction volume
also reported in cubic meters per year.

Table B-3. Sedimentation records of the LADWP-operated debris basins located at the Castaic

Powerplant.

Source: LADWP (G. Wu, pers. comm., 2010), table image from original .pdf
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Figure B-9a. Sedimentation record of Lake Piru Reservoir (Santa Felicia Dam). (Page 1 of 2;
Source: Water Information Coordination Program, Advisory Committee on Water Information,
http://ida.water.usgs.gov/ressed/datasheets/71-40.pdf)
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Figure B-9b. Sedimentation record of Lake Piru Reservoir (Santa Felicia Dam). (Page 2 of 2;
Source: Water Information Coordination Program, Advisory Committee on Water Information,
http://ida.water.usgs.gov/ressed/datasheets/71-40.pdf)
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Figure B-10a. Sedimentation record of Bouquet Canyon Reservoir. (Page 1 of 2; Source: Water
Information Coordination Program, Advisory Committee on Water Information,
http://ida.water.usgs.gov/ressed/datasheets/70-7.pdf)
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Figure B-10b. Sedimentation record of Bouquet Canyon Reservoir. (Page 2 of 2; Source: Water
Information Coordination Program, Advisory Committee on Water Information,
http://ida.water.usgs.gov/ressed/datasheets/70-7.pdf)
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INTRODUCTION

This appendix briefly summarizes the methods employed in the aerial photograph analyses of the
LSCR and USCR watersheds. The combined results of these two analyses are presented in
Section 4.3.2 of the main report. Additional details are contained within Appendix E of the
LSCR geomorphology study report (Stillwater Sciences 2007) and Appendix H of the USCR
geomorphology study report (Stillwater Sciences 2011).

Historical aerial photography was utilized in a geographic information system (GIS) to delineate
areas of flood disturbance for selected historical floods along the length of the Santa Clara River
(SCR). Because aerial photographs for the lower SCR (LSCR) in Ventura County and upper
SCR (USCR) in Los Angeles County were not taken during the same years, except for 2005, our
analysis examined different aerial photographic sets for the LSCR and USCR watersheds. For the
LSCR, seven photosets were utilized: 1938, 1945, 1969, 1978, 1992, 1995, and 2005. For the
USCR, five photosets were utilized: 1928, 1964, 1980/81, 1994, and 2005. Many aspects of this
analysis were modeled on similar work done by Graf (2000), Tiegs et al. (2005), and Tiegs and
Pohl (2005).

PHOTO ACQUISITION

Imagery for the LSCR and USCR analyses was acquired from a number of sources, including
government agencies, state universities, and private vendors (Tables C-1 and C-2). Aerial
photography was acquired in one of two different formats, depending upon availability and age:
non-georeferenced digital images or orthorectified imagery®. The non-georeferenced photography
was typically scanned by the supplier at resolutions ranging from 600 dots per square inch (dpi)
to 1200 dpi. For both analyses, photo sets were chosen to represent the effects of several major
floods of interest (see Table C-1 and C-2 and Figures C-1 and C-2).

! Georeferencing refers to the process of “rubber-sheeting” or matching features in an image to a “real-
world” coordinate system. Georeferencing typically only considers horizontal referencing, whereas an
orthorectified image will be referenced using both horizontal and vertical components, resulting in a more
accurate representation of earth’s surface.
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Table B-1. Aerial photography sets used in the mainstem LSCR channel processes analysis. °

Photograph Most recent eaElit(ijrizgazdr e Original Pixel
grapny significant flood P g g . Photo source?
date(s) date(s) (cfs) at scale resolution
Montalvo ?

9/1/05 2/21/05 82,200 ¢ 1.0 feet APUSA

1/10/05 136,000 ¢
2/1-4/05 1/9/05 129,000 d 0.5 feet APUSA/VCWPD
1/31/95 1/10/95 110,000 1 meter APUSA
11/1/92 2/12/95 104,000 1:24000 1 meter PWAS
5/16/78 3/4/78 102,200 1:24000 1 meter PWAS
3/2/69 2/25/69 152,000 .
2126/69 1/25/69 165,000 1:12000 1 meter VCWPD
11/2/45 e
10/25/45 1/23/43 80,000 1 meter VCWPD
7/1/38
5/25/38 3/2/38 120,000 1 meter VCSO
5/10/38

& Montalvo stream gauge represented by USGS 11114000 (Santa Clara River at Montalvo; 1952-1996) and USGS
11109000 (Santa Clara River near Piru; 1997-present).

b

SCR = Santa Clara River mainstem.

¢ APUSA = AirPhoto USA, VCWPD = Ventura County Watershed Protection District, PWAS = Pacific
Western Aerial Surveys, IKC = IK Curtis, VCSO = Ventura County Surveyors Office

Discharge estimated at the Freeman Diversion Dam
¢ Discharge from USACE 1968 (cited in Simons, Li & Associates 1983)
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Table C-2. Aerial photography sets used in the mainstem USCR channel processes

analyses. °
Estimated
Most recent peak
Photography | significant discharge Coverage | Resolution/ Photo . .
year(s) flood (cfs) at extent ° scale source © Use in analysis
date(s) County Line
gauge ?
SCR -
1028 N/A® N/A County 1 118000 | uCsB
ine to
Acton
SCR - 1:1,200
County (from
1964 2/11/62 9,100 line to matching LADPW
Soledad | topographic Digtize active
S CI;/ D channel areas and
Coun t;/ facies
2/9/78 22,800 . ]
1980/1981 2/16/80 13.900 line to 1:6,000 LADPW
Soledad
Canyon
1/12/92 12,300 Entire 0.3 m (1-ft)
1994 2/18/83 10,700 watershed resolution USGS
2005 1/10/05 32,000 Entire | 0.3m (1-1) |\ Appyy
watershed resolution
Used this high-
resolution aerial
2000 1/2/06 12,500 Entie | 1m@3%) |\ ap phoﬁgrea;’?tis\fg o
1/25/08 3,130 watershed resolution g .
channel areas in
other aerial
photograph years

County line stream gauge represented by USGS 11108500 (Santa Clara River at L.A.-Ventura Co. Line; 1928-2004).
SCR = Santa Clara River mainstem.

¢ UCSB = U.C. Santa Barbara M.I.L. Davidson Library, LADPW = L.A. County Department of Public Works,
USGS = U.S. Geological Survey, NAIP = National Agriculture Imagery Program.

4 No flow records in USCR watershed prior to 1930. The 1928 aerial photos are potentially useful to the analysis by
providing the oldest condition of the active channel area. Prior to 1928, two recorded high rainfall events occurred:
1914 precipitation at Santa Paula rain gauge of 28 inches was same as precipitation during known flood year of 1938;
and 1917 precipitation at Santa Paula rain gauge of 23 inches.
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(O Mapped floods
O Future high priority photo acquisition
() Future low priority photo acquisition
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Figure C-1. Historical peak flows at stream gauges on LSCR shown in comparison to known air
photo imagery acquisition dates.
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Figure C-2. Historical peak flows at stream gauges on USCR shown in comparison to known air
photo imagery acquisition dates.
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GEOREFERENCING

In order to extract and accurately compare river planform data from the acquired aerial
photography, a common spatial context was necessary. The methodologies employed for the
LSCR and USCR analyses were similar, with subtle differences due to inherent differences
between data quality (e.g., photo resolution and density of reference points). Using a GIS, all
imagery was georeferenced to a single spatial projection (UTM Zone 11N, NAD 83). Aerial
photographs taken following significant flood events were obtained for several years (Tables C-1
and C-2). The ESRI ArcGIS georeferencing toolset was utilized to georeference the scanned
hardcopy contact prints and digital imagery to either the high-resolution 2005 (LSCR) or 2009
(USCR) orthophotography, thus providing a highly accurate standard control point source for the
entire photographic record. Control points were typically located using old buildings, bridges,
intersections, and other features that appeared unchanged between photos sets. Georeferencing
methods utilized at least 10 control points per photograph; thin plate splines were used to produce
a smooth (continuous and differentiable) surface. Orthorectified imagery was acquired at pixel
resolutions ranging from about 0.5 to 1 m.

Spatial error in certain portions of photo sets due to imagery registration errors were occasionally
significant, as high as 35 m. These errors were typically associated with image distortion at the
outer edges of older photos, due to sub-standard aerial photography techniques, standard lens
distortion, or oblique camera angles. However, spatial errors between most photo sets generally
ranged between 3 and 15 m, and sometimes as low as 1 m.

FLOOD SCOUR DIGITIZING

Each set of spatially referenced photography (each representing a particular flood) was used in a
GIS to interpret two levels of flood-caused disturbance in the channel and floodplain areas. In
addition, areas of low-disturbance or areas apparently retaining natural riparian vegetation
coverage? after the flood were also mapped. For purposes of photo interpretation, these areas
were defined as follows:

High disturbance: These areas are characterized by distinct channel and floodplain areas
severely disturbed by flow (i.e. scoured to bare substrate), typically with 10% or less apparent
remaining riparian vegetative cover. This category may include agricultural or developed lands
with a high level of apparent disturbance by flood flows, thus identification of this type is not
always based upon vegetative cover, sometimes relying on patterns of obvious scour.
Additionally, certain channel-adjacent areas surrounded by scour were classified as high
disturbance, despite having high coverage of herbaceous or nascent vegetation; this
characterization was assigned when vegetation appeared to have grown post-flood and prior to
the aerial photograph date.

Medium disturbance: This class is characterized by distinct areas of low to moderate apparent
disturbance by flow, typically defined as areas with more than 10% but less than 80% apparent
riparian vegetative cover. This type includes agricultural or developed lands with low to moderate

2 In the context of the floodplain vegetation communities of the SCR, “riparian vegetation” may include
types more typical of upland communities, such as coastal sage scrub, or non-native plant species which in
some cases includes non-native species. Agricultural lands within the river's floodplain/terraces were also
included as Low Disturbance, but were excluded from the active channel area.
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apparent disturbance by flood flows, thus identification of this type is not always based upon
vegetative cover, as with the high disturbance class.

Low disturbance (riparian vegetation): These areas were characterized by distinct zones of
apparently natural riparian vegetation with little to no apparent disturbance by flood, typically
containing more than 80% riparian vegetation. Areas in this class may have been inundated by
floodwaters, but did not show significant signs of scouring or other disturbance that removed
vegetation.

In addition to flood disturbance level, all polygons were classified as being either within or
outside of the active channel. Polygons within the active channel were those that appeared to have
been directly affected by the river during the prior flood event and/or subsequent flows (i.e., most
areas of medium to high disturbance). Areas of riparian or non-riparian vegetation with no
apparent disturbance were excluded, unless bounded by the active channel on three or more sides.
Particular areas of medium to high disturbance were nonetheless excluded from the active
channel when these areas appeared to have been affected by flows from tributaries at their
confluence with the river, or by runoff from surrounding land, rather than the river itself.

To record these areas, polygons were delineated around features within each flood year photo set
using heads-up digitizing at a scale of 1:4500 in the GIS; in certain upstream canyon areas,
shadow or dense vegetation made it necessary to sometimes digitize at scales of 1:2500 or, in
cases of extremely low visibility, 1:1500. For the 2005 dataset, orthophotographs and associated
2005 LiDAR data were used to delineate the active channel and classify areas of disturbance.
While methods for digitizing generally followed those described by Tiegs and Pohl (2005), the
data generated in this study were not converted to a raster format for analysis, but rather kept as
polygons in an ESRI shapefile format (.shp), as originally digitized. All subsequent analyses were
conducted using the polygon representation, which allowed for a finer scale of resolution in
analysis output.

In addition to spatial error related to georeferencing, polygon delineation likely resulted in
unknown spatial errors due to difficulties in interpreting features of interest. These types of error
are most likely to occur with older images (e.g., LSCR: 1938 and 1945; USCR: 1928, 1964,
1980/81) used in this study. Older photographic film typically had a coarser grain than more
modern films resulting in lower feature resolution once the image was scanned and
georeferenced, making interpretation of floodplain features more difficult. The grayscale color
spectrum of older imagery (e.g., LSCR: 1938, 1945, and 1969; USCR: 1928, 1964, 1980/81, and
1994) made interpretation of residual riparian vegetation more difficult in certain cases as well.

QUALITY CONTROL

Each flood year polygon data set was checked for spatial and interpretive accuracy by a GIS
analyst that was not associated with the digitization process for that particular year. This process
ensured that the data sets were consistent and accurate between and across years. Assessments of
spatial error were conducted by a GIS analyst not directly involved in georeferencing or
digitization processes.
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ANALYSES

The planform data digitized from the aerial photography sets were used to conduct a number of
spatial analyses to support understanding of fluvial dynamics in the LSCR and USCR. These
analyses included calculation of historical flood disturbance probability, “last flood” spatial
analyses, and average reach width calculations for each historical flood.

Locational Probability Model

The methods and nomenclature discussed below have been modeled on those of Graf (2000) and
Tiegs et al. (2005). For this analysis, we define a locational probability model as a graphical
representation of the historical probability that any particular area within the floodplain and
channel of the river was scoured (i.e. the “high disturbance” and “medium disturbance”
categories described above) by a major flood. As discussed above, aerial photographs chosen for
use in this study were taken after major floods (see Tables C-1 and C-2) and thus represent the
post-flood channel configuration for a particular flood.

Because the SCR is a flood event dominated system (see Chapter 4 of the main report) and each
set of photography was taken shortly after a major flood event, it can be assumed that each photo
set represents the dominant planform configuration of the channel until the next large flood
documented by aerial photography. This approach differs from that of Graf (2000), Tiegs et al.
(2005), and Tiegs and Pohl (2005), who assume that each photo set is representative of general
channel conditions for a period of time from one photo set to the previous photo set. Thus, their
approach does not appear to explicitly consider whether the photo is representative of the effects
of particular floods, but rather describes general channel conditions over time.

There are numerous caveats to our assumption discussed above, the most important being that
smaller floods occur between the photograph sets and likely result in reworking of the channel;
however, it remains that major changes to the channel and floodplain of the SCR are
accomplished by large floods. Another significant caveat for the USCR analysis is the lack of
aerial photographic coverage for two major floods in 1938 and 1969; although partial aerial
photography exists to document these floods, funding limited the number of aerial photograph
sets that could be processed.

To derive a disturbance probability model, the LSCR and USCR study areas were divided into 11
and 19 reaches, respectively, which were distinguished primarily by differences dominant
morphologic character (see Chapter 4 of the main report for further discussion). A separate
disturbance probability model was calculated for each of reaches. In order to build the
disturbance probability model, the photo sets needed to be weighted based on the amount of time
each represented in the overall study period® (i.e., LSCR: 1938-2007; USCR: 1928-2010), on a
reach basis. The weighting values were calculated for each flood year and reach using the
following equation:

® Photography was acquired for selected floods between 1938 and 2005 for the LSCR analysis and between
1928 and 2005 for the USCR analysis, thus these periods represent the photographic records for each
analysis. For the purposes of calculating probability of disturbance, the “study periods” were 1938-2007
for the LSCR and 1928-2010 for the USCR, since no major floods had occurred between 2005 and the year
each study was completed.
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Weighting value (W,) = years represented by given photograph (t,)

total number of years in photographic record (m)

The value of t, is the number of years between the documented flood of interest and the next
photo documented flood. The value of m is the total number of years documented by aerial
photography for a particular reach, from earliest photography set to most recent. Working through
the equation for each flood year and reach gave the results displayed in Tables C-3 through C-6
below.

Table C-3. Years represented by individual flood photography and total number of years in the
photographic record, by reach of the LSCR.

Reach Number of years represented by given flood photography (t;) Number Qf years in
1038 | 1945 | 1969 | 1978 | 1092 | 1995 | 2005 | Photographic record (m)
1 7 24 9 14 3 10 2 69
2 - 24 9 14 3 10 2 62
3 31 - 9 14 3 10 2 69
4 31 - 9 14 3 10 2 69
5 24 9 14 3 10 2 69
6 24 9 14 3 10 2 69
7 - - 9 14 3 10 2 38
8 - - 9 14 3 10 2 38
9 31 - 9 14 3 10 2 69
10 31 - 9 14 3 10 2 69

Table C-4. Weighting values for individual floods photography and reaches of the LSCR.

Reach Weighting value (W,)

1938 1945 1969 1978 1992 1995 2005
1 0.10 0.35 0.13 0.20 0.04 0.14 0.03
2 - 0.39 0.15 0.23 0.05 0.16 0.03
3 0.45 - 0.13 0.20 0.04 0.14 0.03
4 0.45 - 0.13 0.20 0.04 0.14 0.03
5 0.10 0.35 0.13 0.20 0.04 0.14 0.03
6 0.10 0.35 0.13 0.20 0.04 0.14 0.03
7 - - 0.24 0.37 0.08 0.26 0.05
8 - - 0.24 0.37 0.08 0.26 0.05
9 0.45 - 0.13 0.20 0.04 0.14 0.03
10 0.45 - 0.13 0.20 0.04 0.14 0.03
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Table C-5. Years represented by individual flood photography and total number of years in the
photographic record, by reach of the USCR.

Number of years represented by given flood . .
Reach " photography (t) - Number of years i photographic
1928 1964 1980/81 1994 2005
11-B 36 16/17 14/13 11 4 81
12 36 16/17 14/13 11 4 81
13 36 16/17 14/13 11 4 81
14 36 16/17 14/13 11 4 81
15 36 16/17 14/13 11 4 81
16 36 16/17 14/13 11 4 81
17 36 16/17 14/13 11 4 81
18 36 16/17 14/13 11 4 81
19 36 16/17 14/13 11 4 81
20 36 16/17 14/13 11 4 81
21 36 16/17 14/13 11 4 81
22 36 16/17 14/13 11 4 81
23 36 16/17 14/13 11 4 81
24 36 16/17 14/13 11 4 81
25 36 16/17 14/13 11 4 81
26 36 16/17 14/13 11 4 81
27 36 16/17 14/13 11 4 81
28 36 16/17 14/13 11 4 81
29 36 16/17 14/13 11 4 81

Table C-6. Weighting values for individual floods photography and reaches of the USCR.

Reach Weighting value (W,)

1928 1964 1980/81 1994 2005
11-B 0.44 0.20/0.21 0.17/0.16 0.14 0.05
12 0.44 0.20/0.21 0.17/0.16 0.14 0.05
13 0.44 0.20/0.21 0.17/0.16 0.14 0.05
14 0.44 0.20/0.21 0.17/0.16 0.14 0.05
15 0.44 0.20/0.21 0.17/0.16 0.14 0.05
16 0.44 0.20/0.21 0.17/0.16 0.14 0.05
17 0.44 0.20/0.21 0.17/0.16 0.14 0.05
18 0.44 0.20/0.21 0.17/0.16 0.14 0.05
19 0.44 0.20/0.21 0.17/0.16 0.14 0.05
20 0.44 0.20/0.21 0.17/0.16 0.14 0.05
21 0.44 0.20/0.21 0.17/0.16 0.14 0.05
22 0.44 0.20/0.21 0.17/0.16 0.14 0.05
23 0.44 0.20/0.21 0.17/0.16 0.14 0.05
24 0.44 0.20/0.21 0.17/0.16 0.14 0.05
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Reach Weighting value (W,)
1928 1964 1980/81 1994 2005
25 0.44 0.20/0.21 0.17/0.16 0.14 0.05
26 0.44 0.20/0.21 0.17/0.16 0.14 0.05
27 0.44 0.20/0.21 0.17/0.16 0.14 0.05
28 0.44 0.20/0.21 0.17/0.16 0.14 0.05
29 0.44 0.20/0.21 0.17/0.16 0.14 0.05

Weighting values were assigned to flood year and reach polygon layers in the GIS. All of the
flood year layers for each analysis were then combined in the GIS (using the “union” function),
resulting in numerous smaller polygons, all of which retained their original assigned probability
for each year and reach. For each individual polygon, all the years weighting values were
summed, resulting in a probability of scour for each (Tables C-7 and C-8). The probability field
was then used to illustrate locational probability in a map (see Figures 4-23 a—i in the main
report) for each reach.

Table C-7. Example of GIS data table with summed weighting values or probability of scour
(“SumProb’) for each polygon.

Polygon 1938 1969 1978 1992 1995 2005 SumProb Shape_Area
1 0.45 0 0 0 0 0 0.45 1459947.254
2 0 0.13 0 0 0 0 0.13 1710181.258
3 0 0.13 0 0 0 0 0.13 825.8837909
4 0 0.13 0 0 0 0 0.13 321.74415
5 0.45 0.13 0 0 0 0 0.58 1037.485881
6 0 0.13 0 0 0 0 0.13 1777.786451
7 0 0.13 0.2 0 0 0 0.53 181.1416506
8 0 0.13 0.2 0 0 0 0.53 113.8613641
9 0 0.13 0.2 0 0 0 0.53 5636.241047
10 0 0 0 0.04 0 0 0.04 46170.7421
11 0 0 0 0.04 0 0 0.04 435.8034547
12 0 0 0 0.04 0 0 0.04 2020.878413
13 0 0 0 0 0.14 0 0.14 327800.4409
14 0 0 0 0 0.14 0 0.14 40539.56361
15 0 0 0 0 0 0.03 0.03 222838.8706
16 0 0 0 0 0 0.03 0.03 66320.23549
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Table C-8. Example of GIS data table with summed weighting values or probability of scour
(“SumProb™) for each polygon of the USCR analysis.

Polygon 1938 1969 1978 1992 1995 2005 Sum prob | Shape area
1 0.45 0 0 0 0 0 0.45 1459947.254
2 0 0.13 0 0 0 0 0.13 1710181.258
3 0 0.13 0 0 0 0 0.13 825.8837909
4 0 0.13 0 0 0 0 0.13 321.74415
5 0.45 0.13 0 0 0 0 0.58 1037.485881
6 0 0.13 0 0 0 0 0.13 1777.786451
7 0 0.13 0.2 0 0 0 0.53 181.1416506
8 0 0.13 0.2 0 0 0 0.53 113.8613641
9 0 0.13 0.2 0 0 0 0.53 5636.241047
10 0 0 0 0.04 0 0 0.04 46170.7421
11 0 0 0 0.04 0 0 0.04 435.8034547
12 0 0 0 0.04 0 0 0.04 2020.878413
13 0 0 0 0 0.14 0 0.14 327800.4409
14 0 0 0 0 0.14 0 0.14 40539.56361
15 0 0 0 0 0 0.03 0.03 222838.8706
16 0 0 0 0 0 0.03 0.03 66320.23549

Width of Active Channel Bed in Successive Floods

Knowledge of the last known flood disturbance for any particular area of the floodplain is critical
to understanding the age of geomorphic surfaces and thus the approximate age of riparian
vegetation growing there. For each analysis, the flood scour layers were manipulated in the GIS
to derive a map of “last flood” scour areas for the entire study reach. All flood year layers were
combined in a GIS using the “union” command, resulting in numerous smaller polygons each
retaining information on the years in which the particular polygon was inundated. Using a “max
number” algorithm, the most recent year was chosen from the GIS data and copied to a new field;
the value in the new field (the “last flood” field) now contained the date of the most recent scour
event for any particular polygon. The value of the “last flood” field was then used to produce a
map of last flood scour for the entire study reach (see Figures 4-16 and 4-17 in the main report).

Reach Width Analysis

In order to help inform an understanding of the behavior of the USCR, a geomorphological
analysis was undertaken using the “active channel width” (i.e. the scoured area or “high
disturbance” and “medium disturbance” classifications) of each documented flood (see Chapter
4). In order to facilitate the analysis, reach average widths were calculated for each documented
flood based upon the area of scour documented for each flood (as calculated in the GIS). A
channel centerline was established as the basis for reach length, then width was derived from the
simple relationship between length, width and area: Width = Area/Length.

Reach-based areas for each documented flood were exported from the GIS and imported to
Microsoft Excel, where the calculations were completed using the Pivot Tables function.
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