



2.3 Hydrology
2.3.1 Surface Water Hydrology
Drainage Network

The Ventura River drainage network includes five significant tributaries that feed into the Ventura River: Matilija Creek, North Fork Matilija Creek, San Antonio Creek, Coyote Creek, and Cañada Larga. A remarkable feature of the Ventura River watershed is that its primary stream network remains largely unchannelized with relatively natural stream shape and hydrologic patterns, despite the presence of two dams (Beller et al 2011). A number of smaller tributaries that flow through urban areas have been channelized with concrete culverts, pipes, or cement.
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Figure 2.3.1.1 – Drainage Network Map

Ventura River 

The Ventura River mainstem covers a distance of 16.2 miles on its journey from the mountains to the ocean. In that short distance the river can look and behave quite differently. The river’s five distinct reaches are described below. 

The Ventura River begins at the confluence of Matilija Creek and North Fork Matilija Creek, just south of Matilija Hot Springs Road. The river’s beginning marks the transition from these steep canyons to flatter land and the exit of these drainages from the Los Padres National Forest. [image: image2.jpg]“Google earth
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Aerial View of Ventura River’s Beginnings, Looking Downstream

Photo courtesy of Google Earth.
About 1.5 miles downstream from the river’s formation, the landscape opens up and becomes much flatter. The river responds by becoming “depositional,” dropping its largest sediments (very large boulders and cobbles) as the force of the flow from the steep canyons dissipates onto the gentler gradients. 
The Robles Diversion Facility(the structure that diverts Ventura River flow to Lake Casitas—is located on the west bank of the Ventura River channel opposite and just below where Cozy Dell Canyon Creek enters. 

Past the Robles Diversion, the riverbed widens considerably and splits into multiple braided channels. The river flows past the community of Meiners Oaks and through the Ventura River Preserve, picking up Kennedy, Rice, and Wills Canyon creeks from the west and McDonald Canyon Creek and Happy Valley Drain from the east before flowing under the Highway 150 Bridge. 

The stretch of the Ventura River below the Robles Diversion to just above the river’s confluence with San Antonio Creek (just below Oak View) is known locally as “the dry reach.” (The exact boundaries of the dry reach depend on the time of year, magnitude of the previous rainy season, and the state of groundwater storage.) In this part of the river, in low to moderate rainfall years, surface water quickly disappears underground once storm flows have passed(even when the river is still flowing above and below this reach. 

A historical ecology assessment of the river by the San Francisco Estuary Institute documented numerous historical records going back to the 19th and early 20th century indicating that this reach of river has regularly gone dry, or exhibited intermittent flow (Beller et al. 2011). 
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Figure 2.3.1.2 – Ventura River Dry Reach

The dry reach of the Ventura River typically has intermittent flows, in contrast to the reaches above and below it. The transitions between intermittent and perennial are approximate boundaries, which shift from year to year.

Image courtesy of San Francisco Estuary Institute (Beller et al. 2011)

Past the community of Mira Monte, the river picks up a number of channelized drainages from the east: Mirror Lake Drain and Skyline Drain. It then flows past the Live Oak Acres development on the west, where the Live Oak Levee constricts the river down to a small fraction of its width and guides it under the Santa Ana Bridge on Santa Ana Road. 
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Figure 2.3.1.3. Live Oak Levee Protects Live Oak Acres Community 

Live Oak Acres, to the left, is protected by the Live Oak Levee. Oak View is to the right.

Past the Santa Ana Bridge, the river widens again and flows by the community of Oak View, receiving the Oak View Drain before reaching the confluence with San Antonio Creek. 

Just above the San Antonio Creek confluence, the Ventura River's wide depositional channel begins to narrow. The river then picks up water and momentum from San Antonio Creek for the last half of its journey to the ocean. In wetter years or winter rainy periods, the increase in the Ventura River’s flow in this area begins above the San Antonio Creek confluence because of rising groundwater springs in the river.

A large pool forms at the confluence of Ventura River and San Antonio Creek, providing important habitat for fish and other animals. In-river groundwater springs are also found in the river as it passes through the aptly named “Casitas Springs” area below the San Antonio Creek confluence (EDAW 1978). The community of Casitas Springs is protected here by the Casitas Springs Levee.

Farther downstream at Foster Park, underground geologic structures also force subsurface flow to the surface (USACE 2004). At Foster Park, the river picks up Coyote Creek from the west, although since the construction of Casitas Dam, this drainage contributes very little water to the river. Here also, Highway 33, the river’s constant companion, turns into a freeway. 

Because of the significant contributions of water from both San Antonio Creek and natural rising groundwater, the stretch of the Ventura River between the San Antonio Creek confluence and Foster Park is referred to as “the live reach.” This reach typically continues to flow year round except in multi-year dry periods. 

The city of Ventura draws both surface and subsurface water from the river and groundwater in the Foster Park area.

In the mile between Foster Park and the Ojai Valley Sanitary District’s wastewater treatment plant, there are several good-sized pools tucked into the denser vegetation typical of this area. 

Then the river receives the wastewater treatment plant’s treated effluent, without which there would be no perennial flow in the remaining stretch of the Ventura River. 

Just past the wastewater treatment plant, Cañada Larga Creek enters the Ventura River from the east; the river then flows through an area of active oil drilling. Several minor drainages (Manuel Canyon Creek, Cañada de San Joaquin, and Dent Drain) flow into the river from the east in this reach. The last 2.6 miles of the river are constrained by the Ventura River Levee on the east, which protects the city of Ventura from flooding.
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Ventura River Flowing Through Active Oil Drilling Area

Photo courtesy of Brian Hall, Santa Barbara Channelkeeper and LightHawk
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Ventura River Levee

Photo courtesy of Rick Wilborn

In its final stretch, the Ventura River flows through the Ventura River estuary, which extends from around the 101 freeway to the ocean. The estuary is a shallow body of water that sits next to the ocean and that receives both freshwater from the river and salt water from the ocean. A sandbar typically separates the estuary from the ocean during the dry season; but when winter storms breach the sandbar, the flow of the river can proceed directly to the ocean. A smaller estuary at the “second mouth” of the Ventura River also exists to the west of the main estuary, but is only flushed during catastrophic floods (RWQCB 2002).
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Ventura River Estuary, Sandbar Breached, March 2014

San Antonio Creek

In terms of volume of water, San Antonio Creek is the Ventura River’s most important tributary after Matilija Creek. San Antonio Creek originates in the northeast part of the watershed on the eastern end of the Ojai Valley floor, and serves as the main drainage for the greater Ojai Valley. A major tributary, Lion Canyon Creek, contributes a significant amount of flow from the Upper Ojai Valley at the extreme eastern end of the Ventura River watershed.

A number of East End creeks, all draining the steep Topatopa Mountains, feed into upper San Antonio Creek. The creek’s beginning is marked by the convergence of Gridley and Senior Canyon creeks; it then flows southwest through orchards on the valley floor and picks up Dron Creek and Crooked Creek from the north, then McNell Creek (near Highway 150) from the east. In Soule Park Golf Course, Thacher Creek adds its considerable flow. Reeves Creek, a tributary to Thacher, also adds substantial flow. The headwater drainages of San Antonio Creek are also responsible for forming the alluvial fans of the East End and the underlying alluvial Ojai Valley groundwater basin. 
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Thacher Creek (San Antonio Creek tributary)  at Highway 150

Continuing southwest along the edge of the city of Ojai, San Antonio Creek receives flow from Stewart Canyon Creek at the beginning of Creek Road. Stewart Canyon Creek is an important drainage that flows south from the Topatopa Mountains through the city of Ojai. Much of it is underground or channelized through the city, but the lower reach, which receives flow from Fox Canyon Barranca, is primarily unchannelized and often has perennial flow (Magney 2005). 
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Fox Canyon Barranca, Downtown Ojai

Below its junction with Stewart Canyon Creek, San Antonio Creek winds along Creek Road, picking up Lion Creek(which drains the Upper Ojai Valley(just past Camp Comfort, and finally converges with the Ventura River after it passing under Highway 33 above Casitas Springs. 

Upstream of the Thacher Creek confluence in Soule Park Golf Course, San Antonio Creek is ephemeral—typically going dry fairly quickly after storm flows have passed. After the confluence with Thacher Creek, San Antonio Creek is typically perennial downstream to about a half mile past the Lion Canyon Creek confluence. From that point until the Ventura River confluence, San Antonio Creek’s flow characteristics typically alternate between perennial (~65%), intermittent (~10%), and ephemeral (~25%) (Lewis 2014). 

San Antonio Creek is 9.66 miles long and is, except for revetments at bridges, primarily unchannelized. 
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Figure 2.3.1.4 - San Antonio Creek Subwatershed
Streamflow

In the often dry and ever-variable Ventura River watershed, flowing water is a precious resource. Streamflow is vital for habitat and wildlife on all levels in the food chain, both aquatic and terrestrial. Streamflow determines how much Lake Casitas gets refilled each year, and plays a big role in groundwater recharge. Flow affects pollutant concentrations and water quality. It affects whether or not there will be water in the swimming holes, and whether fish can swim to spawning grounds. Flow can also flood property, damage infrastructure, and scour the riverbed clean of vegetation. Streamflow is also the major contributor to sediment transport and erosion within the watershed.

Inputs and Outputs

Sources of water for streamflow in the watershed include rainwater, groundwater and springs, treated wastewater, and urban runoff. Snowmelt is typically an insignificant contributor to streamflow in the watershed.

Rainwater

A watershed hydrology model, called the HSPF model (for Hydrological Simulation Program – Fortran), developed for the watershed in 2009, estimated that about 322,008 acre-feet (AF) of rain falls on the watershed in a typical year, and that 33% of that rainfall (113,275 AF) makes its way directly into streams and rivers (Tetra Tech 2009a, Table 6-6, based on water years 1997-2007). 
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Figure 2.3.1.5 – Where the Rain Goes: 33% of Rainfall Becomes Streamflow

Source: Baseline Model Calibration and Validation Report (Tetra Tech 2009a, Table 6-6)

Surface Water/Groundwater Interaction

Exchanges between surface water and groundwater have an important effect on the total amount of streamflow in the watershed. The Ventura River and San Antonio Creek are known to have “gaining reaches” and “losing reaches”(stretches where the stream “gains” water from groundwater and stretches where it “loses” water to groundwater (Entrix 2001a). This surface water/groundwater relationship is dynamic and influenced by many variables. Changes in either the surface water or groundwater system can affect the other in both positive and negative ways.

Because many animals and riparian habitats depend on the availability of surface flow, the condition of the groundwater basins can have important consequences for both terrestrial and aquatic species. The availability of surface water for recreation, aesthetic value, or water supply diversions can also be impacted. 

The surface water–groundwater interconnection is a very important water management issue in the Ventura River watershed, one made more urgent in recent years by the need to provide habitat for the endangered southern California steelhead. Ventura River Reaches 3 and 4 (from Camino Cielo Road below Matilija Dam to the confluence with Weldon Canyon, just north of Canada Larga Creek) are on the Section 303(d) list of impaired waterbodies for diversion and pumping. In adding these reaches to the 303(d) list, the Regional Water Quality Control Board associated groundwater pumping and surface water diversion with impacting the cold freshwater habitat needed by the endangered southern California steelhead (USEPA 2012). 

The Ventura River watershed is not alone in grappling with this issue. The potential impact of groundwater extraction on streamflow is a significant issue facing water managers across the state and beyond. 

The link between groundwater pumping and streamflow in the Ventura River watershed is not well understood at this time, because neither the collection of sufficient field measurements nor the development of a groundwater model has been undertaken. A model developed in 2009 to understand surface water hydrology in the watershed lacked critical information about these surface water–groundwater relationships, and this missing information prevented a comprehensive model of the watershed’s overall hydrology.

Improving understanding of this surface water–groundwater relationship(how the magnitude, timing, and location of groundwater pumping affects the flow in the river and creeks(is considered one of the most critical “data gaps” in the watershed for better managing water supplies among multiple competing needs. 

Over the years, various studies have made preliminary estimates of the amount of water flowing between surface water and groundwater. Without more sophisticated measurements and analyses, these findings are understood to be preliminary and based on insufficient data. Here are the key studies focused on this interaction and some of their findings:

The Draft Environmental Impact Report for the Ventura River Conjunctive Use Agreement, prepared by EDAW [consultants] in 1978, found that when groundwater levels in a well located on the floodplain adjacent to the Ventura River just above Highway 150 bridge fall below approximately 495 feet msl (mean sea level), the surface flow in much of the “live reach” stops. A flow of 1 cfs or more in the live reach corresponds with a water level in this well of greater than 507 feet msl. When the groundwater in the Upper Ventura River Basin is depleted or nearly depleted, flows due to rising groundwater springs in the area of San Antonio Creek will cease (EDAW 1978). (In this report, the live reach is defined as extending from just above the confluence of San Antonio Creek to Foster Park.)
The Surface Water-Groundwater Interaction Report, a comprehensive study prepared by Entrix in 2001 as part of work towards a Habitat Conservation Plan for the Ventura River, estimated that annual groundwater contributions from the Upper Ventura River basin to surface water flow at Foster Park range from between approximately 3,000 to 10,000 AF per year (Entrix 2001). To put this into perspective, the annual median flow at Foster Park between 1930 and 2013 was approximately 6,226 AF, and the annual average flow was 23,863 AF (USGS 2014b).

The HSPF model (for Hydrological Simulation Program – Fortran), developed by Tetra Tech in 2009, estimated that 7,375 AF of water from streams in the watershed infiltrates into groundwater basins annually, and that 4,252 AF of groundwater is contributed back to surface waterbodies annually (Tetra Tech 2009a, Table 6-6). 

A groundwater budget study for the Upper and Lower Ventura River Basins, prepared by Daniel B. Stephens & Associates in 2010, estimated a net of 2,290 AF of surface water from the river, plus 2,003 AF of water from Lake Casitas, infiltrates into the Upper Ventura River Basin; and that in the Lower Ventura River Basin a net of 1,254 AF of groundwater discharges to surface water (DBS&A 2010, Tables 13 & 14).

A surface water-groundwater interaction study focused on the City of Ventura’s groundwater extractions in the Foster Park area concluded about this area of the river: “As long as there is surface flow in the river, the alluvial aquifer is completely refilled in less than a week (2 to 4 days) after cessation of city pumping.” (Hopkins 2010)

The Ojai Basin Groundwater Model estimated that an average of 2,282 AF per year are discharged to San Antonio Creek from the Ojai Valley Basin (DBS&A 2011). 

In addition to the contribution to streamflow that comes from groundwater basins, natural springs that contribute flow are found throughout the watershed (Entrix & URS 2004).

Wastewater

The watershed’s primary wastewater treatment plant sits next to the Ventura River just below Foster Park about five miles from the ocean. Managed by the Ojai Valley Sanitary District (OVSD), it produces highly treated water, called effluent, which is discharged into the Ventura River. The contribution from the treatment plant averages 2.1 million gallons, or 6.44 AF, per day, which is equivalent to an average year‐round streamflow of approximately 3.3 cubic feet per second (cfs). During the rainy season, this contribution to streamflow is a relatively small portion of the total volume of water. However, during the dry season, the effluent can exceed 50% of the streamflow below the treatment plant (Entrix & Woodward Clyde1997).

Urban and Agricultural Runoff

Some storm drains in urban areas of the watershed continue to have a minor trickle of flow even in the driest times of summer. This water can come from a variety of urban sources, including irrigation, car washing, other types of cleaning, leaking pipes, etc. This water can make its way to streams. 
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Urban Runoff in Fox Canyon Barranca, Summer After Two Dry Winters

Urban development(specifically impervious surfaces such as roads, parking lots, and rooftops(also prevents natural infiltration of rain water, thus decreasing recharge to groundwater, and increasing the amount of water entering the drainage network. In addition, because water runs off pavement and rooftops so quickly, these impervious surfaces also increase the peak intensity of flows during storms. Increased urban development can thus put a strain on existing channel capacity (because there is insufficient width and depth to carry additional storm flows) and/or levees built to protect such developed areas.
Excess agricultural irrigation water is also a possible contributor to streamflows.

Outputs

Once in the drainage network, streamflow is discharged to the ocean, diverted for use, used by riparian plants, evaporated, or infiltrated into soil and groundwater basins. The HSPF model estimated that about 71% of the water entering the stream network makes its way fairly quickly to the ocean by way of the Ventura River, 16% is diverted for consumption, while approximately 6% recharges groundwater basins, and 7% is lost to stream and reservoir evaporation (Tetra Tech 2009a). 
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Figure 2.3.1.6 – Where Streamflow Goes: 16% of Streamflow Is Diverted for Use

Source: Baseline Model Calibration and Validation Report (Tetra Tech 2009a, Table 6-6)

Streamflow Characteristics

Storms contribute the greatest volume of water to streamflow, and seasonal flows mimic rainfall seasonality. However, the watershed typically experiences only a few major storms a year. Outside of the direct runoff of these infrequent wet periods, it is groundwater that provides base flows to the Ventura River and its tributaries (RWQCB 2012).

Streamflows fall into the “major flood” category on the Ventura River when flows hit 40,000 cfs or more as measured at Foster Park. This has occurred about once every 16 years. Between 1933 and 2011, the highest peak flow measurement obtained for the Ventura River at Foster Park was 63,600 cfs, measured on February 11, 1978 (VCWPD 2013). 
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Figure 2.3.1.7 –Monthly Average Streamflow at Foster Park, Water Years 1930-2013

Data Source: USGS National Water Information System Website (USGS 2014b) 
	Table 2.3.1.2 Monthly Average Streamflow (cfs) at Foster Park, Water Years 1960-2012

	 
	Oct
	Nov
	Dec
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep

	Average
	3.5
	9.3
	28.8
	142.3
	250.4
	208.8
	89.1
	32.4
	15.2
	8.0
	4.7
	3.6

	Median
	0.6
	1.4
	5.0
	12.6
	34.1
	30.7
	18.3
	9.2
	5.1
	2.9
	1.5
	0.5

	Highest
	41
	278
	234
	1880
	2919
	1954
	1351
	408
	158
	64
	36
	29

	Water Year
	1984
	1966
	1966
	1969
	1998
	1938
	1958
	1998
	1998
	1998
	1941
	1998

	Lowest 
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Water Year
	Multiple Years


Data Source: USGS National Water Information System Website (USGS 2014b) 
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Figure 2.3.1.8 –Annual Average Streamflow at Foster Park, Water Years 1930-2013

As this chart indicates, the historic annual average streamflow in the watershed, indicated by the green line, rarely occurs in actuality. Flows closer to the (much lower) historic annual median streamflow, indicated by the orange line, are much more common. Occasional extreme flows skew the average.

Data Source: USGS National Water Information System Website (USGS 2014b) 
	Table 2.3.1.3 Storm Peak Flow Estimates (cfs) Based on Modeling

	Stream Name
	10-Yr Peak
	50-Yr Peak

	Ventura River & Smaller Tributaries
	
	

	Ventura River Baldwin Rd
	16,000
	24,800

	Ventura River Casitas Springs
	35,200
	56,600

	Ventura River Gauge at Foster Park
	36,400
	59,700

	Ventura River at Shell
	41,300
	67,900

	Matilija Creek
	
	

	Matilija Ck above N. Fork
	12,500
	18,800

	Matilija Ck below N Fork
	15,000
	24,000*

	North Fork Matilija Creek
	
	

	N Fork Matilija Upper
	3,830
	10,380

	N Fork Matilija
	3,960
	10,740

	San Antonio Creek & Tributaries
	
	

	Senior and Gridley
	4,590
	12,440

	San Antonio Ck below McNell Ck
	5,760
	15,630

	Reeves Ck above Thacher Ck
	1,530
	4,150

	Thacher Ck above San Antonio Ck
	2,860
	7,750

	San Antonio Ck below Thacher Confl.
	7,490
	20,330

	San Antonio Ck above Stewart Ck
	7,620
	20,690

	Stewart Cyn abv San Antonio Ck with Fox 
	1,070
	2,920

	San Antonio after Stewart Confl.
	8,590
	23,320

	San Antonio Ck above Lion Confl.
	7,760
	21,050

	Big Canyon (Upper Ojai)
	690
	1,880

	Lower Lion Canyon Ck
	3,430
	9,310

	San Antonio after Lion Cyn Confluence
	10,430
	28,300

	San Antonio Ck above Ventura River Confl.
	9,960
	27,020*

	Coyote Creek
	
	

	Coyote Creek above Ventura River
	680
	1,980

	Cañada Larga Creek
	
	

	Canada Larga above Ventura River
	5,370
	14,580


This table shows model-generated estimates of 10-year and 50-year peak flows of various streams and stream reaches in the watershed. The largest peak flows ever measured in the watershed (63,600 cfs) were at the Foster Park gauge and were the equivalent of a 65-year peak flow. 

*Of the watershed’s major tributaries, Matilija Creek and San Antonio Creek are the biggest contributors of water.

Source: Ventura River Watershed Design Storm Modeling Final Report (VCWPD 2010)

Extremely Variable

Like other watersheds in the region, streamflow patterns reflect the same extreme variation found in rainfall patterns. As shown in Table 2.3.1.4, between 1930 and 2013, the average annual rate of flow of the Ventura River at Foster Park was 65.4 cfs, but this period saw an annual low of 0.0 cfs and a high of 382.8 cfs. Table 2.3.1.4 also indicates the equivalent volume of water from these flow rate amounts. The annual average runoff volume of the wettest water year was 139,712 AF—over 585% greater than the annual average. These numbers help illustrate the extremely variable nature of streamflow in the watershed. 

The median rate of flow is also provided in Table 2.3.1.4. The median represents the midpoint of the set of data, such that half of the years had an average rate of flow less than the median and half had an average rate of flow greater than the median. When data sets have an extreme range of variability, a few extreme numbers, such as a few extreme flood years, can skew the average. In such instances the median represents a much truer picture of “typical”—in this case, what flow is like in a typical year. Median flows, those closer to 17.8 cfs, are experienced much more often than average flows of 65.4 cfs. Table 2.3.1.5 shows similar data for peak flows at Foster Park between the years 1933 and 2011.

	Table 2.3.1.4 Annual Average Streamflow at Foster Park, Water Years 1930-2013

	Rate (cubic feet second)
	Volume (acre-feet per year)

	Avg.
	Median
	Low
(1951)
	High
(1995)
	Avg.
	Median 
	Low
(1951)
	High
(1995)

	65.4
	17.8 
	0.0
	382.8
	23,863
	6,226
	0
	139,712


The annual average was calculated based on monthly average daily flows. 2012-2013 data is provisional. For comparison purposes, the average rate of flow (cfs) was converted into volume (AF).

Data Source: USGS National Water Information System Website (USGS 2014b) 
	Table 2.3.1.5 Annual Peak Flows at Foster Park, Water Years 1933-2011

	Rate (cubic feet second)
	Volume (gallons per second)

	Avg.
	Median
	Low
(1951)
	High
(1978)
	Avg.
	Median
	Low
(1951)
	High
(1978)

	10,675
	3,660 
	0
	63,600
	79,859
	27,379
	0
	475,763


For comparison purposes, the peak rate of flow (cfs) was converted into volume (gallons per second).

Data Source: Ventura County Watershed Protection District Hydrologic Data Server (VCWPD 2013)

Flashy & Intermittent
Streamflow in the Ventura River watershed responds very quickly to rainfall. During the rainy season, streamflows in the watershed are typically “flashy”—they increase, peak, and subside rapidly in response to storms. The rainy season is between October 15 and April 1, and rainfall tends to occur in just a few significant storms during this time. Streamflows generally peak in January through March and are lowest from August through October. See also “2.3.2 Flooding” for a look at streamflow and flood events.

Outside the rainy season, the amount of streamflow that persists, called “base flow,” depends upon how much rain fell the previous winter and therefore how much recharge the groundwater basins received and how saturated the soil became. Typically, after the rains have passed, the amount of water flowing in streams in the watershed diminishes fairly rapidly. For some streams, the “ephemeral” streams, this marks the end of flow altogether; for the “intermittent" streams or stream reaches, flow will continue on for some time; and for the “perennial” stream reaches, flow will continue all year except in exceptional drought periods. 
Of the six major streams in the watershed, only two, Matilija Creek and North Fork Matilija Creek, are typically perennial for their entire lengths. All others are typically intermittent for either their entire length or parts of it. In rare, very wet years, the Ventura River may have continuous flow to the ocean; however, in most years, flow is intermittent, with the river drying up in the “dry reach” between the Robles Diversion Facility and the confluence with San Antonio Creek. Many of the watershed’s smaller streams are ephemeral, existing only briefly after storms. 
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Figure 2.3.1.9 – Flood Hydrograph at Foster Park, December 2004 to January 2005

Hydrographs illustrate how long it takes for streamflows (or “discharge”) to build up in response to rain. This example compares the intensity of rainfall (in blue) with the flood stage (in grey) in the Ventura River at Foster Park during the December 2004 to January 2005 flood events. The term “stage” refers to how high water levels rose at the streamflow gauge; when the gauge reads 2.5 feet, the river is flowing at a trickle. The hydrograph shows that streamflow had a delayed response to rainfall at the beginning of the storm, because the watershed’s dry and porous soils absorbed the initial rain. Twenty-three inches of rain fell during the period shown on the graph, but only about 6 inches of this rain flowed down the river, most of it during the second storm pulse. 

Data source: Ventura Stream Team 2001-2005 (Leydecker & Grabowsky 2006)

Although the increased consumption of water by people in recent times has certainly influenced streamflow in the watershed, an extensive study of historical records by the San Francisco Estuary Institute’s, in their Historical Ecology study of the Ventura River, demonstrated that the intermittent nature of the Ventura River mainstem has been a condition of the river going back for hundreds of years. As it does today, when the river dropped out of the mountains and entered flatter terrain, surface flows commonly became intermittent. At the confluence with San Antonio Creek, and from Foster Park to the mouth of the river, flows were perennial (Beller et al. 2011). 
Surface Water Diversions, Dams and Reservoirs

The natural flow of water through the stream network has been altered by diversions of water for human use. These include dams and surface water diversions, which are discussed below, but also the extraction of groundwater. See “2.3.3 Groundwater Hydrology” and “2.4 Water Supply and Demand” for information on groundwater withdrawals. 

There are two major dams within the Ventura River watershed: Casitas Dam, which forms Lake Casitas, and Matilija Dam, which forms the Matilija Reservoir. There are two minor dams: Senior Canyon Dam, which forms Senior Canyon Reservoir, and the Stewart Canyon Debris Basin Dam, which exists to slow storm flows and capture storm debris. There is also one subsurface dam in the Ventura River at Foster Park and two significant surface water diversions, the Robles Diversion and the Foster Park Diversion. The rights to divert smaller amounts of surface water are also held, and used, by many others in the watershed, including individuals, farms and ranches, and small water companies (SWRCB 2013). As of March 2014, 21 different entities were registered in the state’s eWRIMS (Electronic Water Rights Information Management System) database as having rights to withdraw surface water or water from subterranean streams in the watershed (SWRCB 2014b).

Lake Casitas and Robles Diversion

Lake Casitas is the watershed’s principal water supply reservoir, providing water to users throughout the watershed and to the small adjoining coastal watersheds (including the Rincon area and the city of Ventura). Lake Casitas gets its water from Coyote and Santa Ana Creeks (~55%), which flow directly into the lake; and from Ventura River diversions (~45%), transported to the lake via the 5.4-mile Robles Canal from the Robles Diversion and Fish Passage Facility (Robles Diversion) located on the river. The relative amounts from these sources depend upon a variety of factors that change from year to year (Wickstrum 2013). The lake has a maximum storage capacity of 254,000 AF. 

The Robles Diversion is located on the western bank of the Ventura River about 1.5 miles downstream of the junction of Matilija and North Fork Matilija Creeks, and it includes a fish ladder to facilitate passage of migrating fish. In low rainfall years, little or no surface flow is the usual situation in the river at the diversion. When winter rains result in surface flows at the diversion, the amount of water diverted to the lake versus that allowed to flow downstream is dictated by a regulatory document called the Biological Opinion (2003). The Biological Opinion required construction of a fish passage facility (which became operational in 2006) as part of the Robles Diversion. It also outlines complex flow guidelines for the migration and passage of the endangered southern California steelhead at the diversion, the season for which is between January 1 and June 30. Only flows in excess of these guidelines are available for diversion to the lake. Outside of the steelhead migration season, the flow guideline is simpler: Flows of 20 cfs or less cannot be diverted.

[image: image17.jpg]1192172251992 W elev 7601

76!

3402,

s





Robles Diversion Aerial

Photo courtesy of Google Earth
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Robles Diversion 

The Robles Diversion structure is located 1.5 miles downstream of the confluence of Matilija and North Fork Matilija Creeks, the beginning of the Ventura River. The concrete structure is located on the western bank of the river, and has diversion gates, bypass gates, and a fish ladder. A 350-foot-long by 9.5-foot-high earthen dam is located across the river to divert flows to the diversion structure (Entrix & Woodward Clyde 1997). Both photos were taken during the dry season when no water diversions were occurring.
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Figure 2.3.1.10 – Median Number of Days of Water Diversion via Robles Diversion & Median Volume of Water Diverted, Monthly: Water Years 1960-2013

Source: Casitas Municipal Water District, 2014

	Table 2.3.1.6. Diversion via Robles Diversion, Water Years: 1960-2012

	Number of Days of Diversion 
	Volume (acre-feet per year)

	Annual Average
	Annual Average

	Avg.
	Median
	High

(1967)
	Low
(1990, 1999, 2002, 2007, 2013)
	Avg.
	Median
	High
(1969)
	Low
(1990, 1999, 2002, 2007, 2013)

	52
	38
	198
	0
	11,376
	6,007
	50,080
	0


Source: Casitas Municipal Water District, 2014
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Figure 2.3.1.11 – Volume of Water Diverted via Robles Diversion, Water Years 1960-2012

Source: Casitas Municipal Water District, 2014

Matilija Reservoir and Dam
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Matilija Dam and Reservoir

Matilija Reservoir is an older, smaller reservoir built on Matilija Creek. It was originally built to hold 7,000 AF of water, but is now nearly full of sediment and holds less than 500 AF (USACE 2004b). During the 1950s and 1960s, irrigation water from Matilija Reservoir was delivered by gravity flow to the western Ojai Valley via a pipeline system originating at the face of the dam. In the past, reservoir water was also sometimes released in the winter through a gate valve in the dam to enhance diversions to Lake Casitas via the Robles Diversion, however, in 2011 this practice was discontinued because of regulatory concerns over in-stream water quality (Evans 2013).

A concerted, multi-stakeholder effort to remove Matilija Dam has been underway since 1998 because the reservoir is no longer providing a water supply function, blocks the migration of the endangered southern California steelhead and restricts the natural transport of sediment to the Ventura River and coastal beaches. See “2.6.4 Matilija Dam” for a more detailed discussion about the dam.

Foster Park Subsurface Dam and Diversion 
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Foster Park Subsurface Dam & Diversion, August 2013

This photo was taken in August after two dry winters. 

A small dam also exists in the Ventura River at Foster Park, an area of the river that naturally has regular flow, in part because underground geologic structures force subsurface flow to the surface. In 1906, in order to enhance the amount of runoff available for diversion to the city of Ventura, this natural geologic feature was enhanced by construction of a subsurface diversion dam across the river. The dam crosses the Ventura River as well as the mouth of Coyote Creek (Entrix & Woodward Clyde 1997), and works in combination with a surface diversion and subsurface collector pipes. Accumulated water is conducted to the City’s water treatment plant downstream. The City of Ventura also has four wells, referred to as the Nye wellfield, located between 1,000 to 2,890 feet north of the subsurface dam (Entrix & Woodward Clyde 1997).
Streamflow Monitoring

Streamflow data is regularly monitored in the watershed by the Ventura County Watershed Protection District (VCWPD), the United States Geological Survey (USGS), Casitas Municipal Water District (CMWD), and Santa Barbara Channelkeeper (SBCK). The City of Ventura has also conducted intermittent streamflow monitoring. 

The VCWPD and USGS have websites that make these data available to the public. See also “2.6.3 Habitat Connectivity” for information on in-stream pool monitoring programs.

Key Data and Information Sources/Further Reading

HSPF Model

In 2008, under contract from the Ventura County Watershed Protection District (VCWPD), Tetra Tech completed a hydrologic model for the Ventura River Watershed using the USEPA’s Hydrological Simulation Program-Fortran (HSPF). Data integrated into this model include precipitation, evapotranspiration, land use and land cover, soils, slopes and elevations, watershed segmentation, planning and zoning, fire regime, hydrography, channel characteristics, flood elevation modeling (HEC-RAS), reservoir management for Casitas and Matilija, diversion structures, debris and detention basins, groundwater recharge, discharge, and surface water interactions, irrigation, point sources, and stream gauging. While the HSPF model has the ability to account for groundwater, groundwater-surface water interactions are a potential source of uncertainty because limited groundwater information was included in the majority of the model runs. The HSPF model was validated against data from water years 1997-2007. Following the validation, the model was used to perform a natural conditions simulation to determine what the state of water resources in the Ventura River Watershed would be without human influence. The input data and the results of the model runs are listed in several reports: 

Data Summary Report, Ventura River Watershed Hydrology Model (Tetra Tech 2008), 

Natural Condition Report, Ventura River Watershed Hydrology Model (Tetra Tech 2009), 

Baseline Model Calibration and Validation Report, Ventura River Watershed Hydrology Model (Tetra Tech 2009a).

2.3.2 Flooding
This section describes the recurring pattern of floods in the Ventura River watershed. The major flood types(riverine, alluvial, coastal, and urban(are defined, and the nature of these floods is described, including the role that the watershed’s steep mountains play in the flashy nature of local floods. Coastal floods and erosion, which stem not from fresh water but from saltwater, are also examined. 

Finally, existing infrastructure and systems that are in place to protect lives and the built environment are reviewed. Floods are of course natural events; it is only human-created infrastructure(either put in the pathway of flood flows or altering flooding conditions(that presents the need to “manage” them.

Some flood-related topics are covered in other sections of this report: precipitation in “2.2.1 Climate,” topography as well as the flood-related hazards of landslides, debris flows, and liquefaction in “2.2.2 Geology and Soils,” fires in “2.2.4 Fire Regime,” and surface water flows in”2.3.1 Surface Water Hydrology.” 
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San Antonio Creek Ranch, 1969 Flood

Photo courtesy of Ventura County Star
Flood Frequency & Intensity

Ventura River watershed residents are no strangers to floods. Damaging floods, like droughts, are an unpredictable yet relatively frequent occurrence. What local officials consider “major” floods—peak flows of 40,000 cubic feet per second (cfs) or more (as measured at Foster Park)—have occurred once every 14 years on average since 1933. Some of the watershed’s bigger floods are in the “moderate” category, those with peak flows of 20,000 cfs to 39,999 cfs (at Foster Park). Major or moderate flood flows on the Ventura River occur once every 5 years on average. Sometimes multiple peak flow events are seen in the course of one rainy season. Two of the watershed’s six major peak flows on record occurred during one flood: the flood of 1969; and of the 18 major and moderate flows on record, three occurred during the 2005 flood. Table 2.3.2.1 and Figure 2.3.2.1 summarize and illustrate significant flood flows since streamflow monitoring began in 1933. 

	Table 2.3.2.1. Ventura River Flood Flows Greater than 15,000 cfs, 1933-2011

	Date
	Water Year
	Peak Flow cubic feet per second
	% Annual Exceedance Probability**
	Flood Category
***

	1978, February
	1978
	63,600
	1.5%
	Major

	1969, January
	1969
	58,000
	2.2%
	Major

	1992, February
	1992
	45,800
	5.2%
	Major

	1995, January
	1995
	43,700
	6.0%
	Major

	2005, January
	2005
	41,000
	7.3%
	Major

	1969, February
	1969
	40,000
	7.8%
	Major

	1938, March
	1938
	39,200
	8.2%
	Moderate

	1998, February
	1998
	38,800
	8.5%
	Moderate

	1980, February
	1980
	37,900
	9.0%
	Moderate

	1943, January
	1943
	35,000
	11.0%
	Moderate

	1952, January
	1952
	29,500
	16.1%
	Moderate

	2005, January
	2005
	29,400
	16.2%
	Moderate

	1983, March
	1983
	27,000
	19.1%
	Moderate

	1952, March
	1952
	24,600
	22.5%
	Moderate

	1934, January
	1934
	23,000
	25.2%
	Moderate

	1986, February
	1986
	22,100
	26.8%
	Moderate

	2004, December
	2005
	20,600
	29.7%
	Moderate

	1944, February
	1944
	20,000
	30.9%
	Moderate

	2011, March
	2011
	19,100
	32.9%
	Flood

	2001, March
	2001
	19,100
	32.9%
	Flood

	2005, February
	2005
	18,800
	33.6%
	Flood

	1958, April
	1958
	18,700
	33.8%
	Flood

	1945, February
	1945
	17,000
	38.1%
	Action

	1969, January
	1969
	16,600
	39.1%
	Action

	1973, February
	1973
	15,700
	41.6%
	Action

	1941, March
	1941
	15,200
	43.1%
	Action


*Peak flows are as measured at the Foster Park gauging station.
**The AEP values are most accurate for the highest flows, but estimates are provided for the lower flows to indicate the general trend. See definition of 100-year flood and Annual Exceedance Probability.

***Flood Category thresholds are different in different parts of the watershed.
Data Source: Hydrologic Data Server (VCWPD 2013); (VCWPD 2014)
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Figure 2.3.2.1 – Peak Flows Greater Than 15,000 cfs at Foster Park, 1933-2011

The peak flows in this chart correspond to the flows described in Table 2.3.2.1. 

Definition: 100-Year Flood (also Base Flood)—A misleading term that does NOT mean a flood that will occur once every 100 years. It is a flood that has a 1% chance of being equaled or exceeded in any given year. A 50-year flood (which has smaller peak flows) has a greater chance, 2%, of being equaled or exceeded in any given year; and a 500-year flood (which has greater peak flows) has a lesser chance, 0.05%, of being equaled or exceed in any given year. 

1% Annual Exceedance Probability Flood—“Annual Exceedance Probability Flood” (AEP) is the new preferred term, because the intent is to describe the probability of a flood occurring, rather than the length of time (years) between floods. A 100-year flood could occur more than once in a short period of time. 

A 100-year flood actually has a 26% chance of occurring during a 30-year period, which also happens to be the length of many mortgages. People with mortgages living inside of the 100-year, or 1% AEP, flood hazard zone are subject to flood insurance requirements (VCWPD 2014; CRS 2013).

The Ventura River’s greatest recorded flood flows, 63,600 cfs (in February 1978), were the equivalent of a 65-year flood (VCWPD 2014). Since streamflow measuring began in 1929, the Ventura River has never experienced a 100-year (1% AEP) flood.
	Table 2.3.2.2 Presidentially Declared Major Flood Disasters in Ventura County

	1962, February (Kennedy)

	1965, November-December (Johnson)

	1967, November-December (Johnson)

	1969, January (Nixon)

	1983, February-March (Reagan)

	1992, February  (Bush)

	1995, January-March  (Clinton)

	2005, January (Bush)


Since 1962, there have been eight Presidentially declared major flood disasters in Ventura County.

“A Presidential major disaster declaration puts into motion long-term federal recovery programs, some of which are matched by state programs and designed to help disaster victims, businesses and public entities.” (FEMA 2014)
Data Source: Flood Histories of the Counties in the Alluvial Fan Task Force Study Area (Earp 2007)
As described in more detail in “2.3.1 Surface Water Hydrology,” streamflows in the watershed are closely correlated with rainfall, and thus flood events are almost exclusively associated with rainfall events. As indicated in Table 2.3.2.1, most of the watershed’s major and moderate floods have occurred in January or February, well into the rainy season.

The total amount of rainfall, however, is not the only factor involved; it also matters when and how intensely the rain falls, how much rain previously fell, how saturated the soils are, and the condition of the stream channels, among other factors. Snowmelt is rarely a significant contributor. The snow that sometimes does fall on the mountains of the watershed generally melts gradually and fairly soon after falling(not lasting long enough for a warmer storm to come along and cause the fast melting that boosts flood flows. 

As discussed later in the Coastal Flooding section, coastal flooding, caused by ocean water inundation, often occurs when riverine flooding occurs, but can also occur independent of inland flooding. Table 2.3.2.3 (Significant Coastal Floods) summarizes past floods in the watershed.

	Table 2.3.2.3 Significant Coastal Floods in the Watershed

	1907, December

	1939, September

	1969, December

	1977-78, Winter

	1982-83, Winter

	1988, January

	1997-98, Winter

	2010, January


Coastal flooding, caused by ocean water inundation, often occurs when riverine flooding occurs, but can also occur independently of inland flooding. The years of significant coastal flooding have not always been the same as those of significant riverine flooding. 
Data Source: Ventura County Open Pacific Coast Study (FEMA 2011)

Of Water and Sediment

Flooding in the Ventura River watershed is as much about sediment and boulders as it is about water. The erosive rocks of the Transverse Ranges supply a steady stream of boulders and sediment, easily eroded in the intense downpours that occur in the watershed’s upper elevations. When a flood is rolling down the river valley, the chocolate brown flow is thick with rocks, sediment, and other debris.

Debris from the river’s flood flows either makes its way out to sea or gets deposited along the way, typically in wider and flatter areas of the river channel. Piled up debris can also create islands in the river or change the path of the river altogether. 
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Thacher Creek in Siete Robles Neighborhood, 2005 Flood

Photo courtesy of Ventura County Watershed Protection District
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Sediment Flowing Out to Sea, 2005 Flood

Photo copyright David L. Magney

Flood Hazard Zones

FEMA, the Federal Emergency Management Agency, manages the National Flood Insurance Program and as part of that program creates and updates flood hazard maps, called Flood Insurance Rate Maps (or FIRM), for communities across the country. These maps indicate areas where there is a 1% or greater probability of inundation by flood in any year, now called a “1% annual exceedance probability (AEP) flood” (formerly referred to as the 100-year flood). 

Homes and buildings in areas mapped as having a 1% AEP are considered at high-risk for floods and are required to have flood insurance if they have mortgages from federally regulated or insured lenders. These areas have a 1% or greater chance of flooding in any given year, which is equivalent to a 26% chance of flooding during a 30-year mortgage (FEMA 2013).
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Figure 2.3.2.2 – Repetitive Loss Structures Map

Of the 49 repetitive loss structures in Ventura County (as of 2004), 19 (39%) are located in the Ventura River watershed. Because of the high incidence of repetitive loss claims, FEMA has been working to reduce the losses experienced by repetitively flooded properties.

Repetitive loss structures are buildings identified by FEMA that, since 1978 and regardless of any change(s) of ownership during that period, have experienced one of the following: 1) Four or more paid flood losses of more than $1,000 each, 2) Two paid flood losses within a 10-year period that, in the aggregate, equal or exceed the current value of the insured property, and 3) Three or more paid losses that, in the aggregate, equal or exceed the current value of the insured property (URS 2005). Repetitive loss can be caused by not only river and creek floods overtopping their banks, but also from heavy rain-induced landslides that damage homes and structures, higher than normal ocean storm waves, tsunami waves, or rain-swelled lake or reservoir expansions.
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Figure 2.3.2.3 – Flood Hazard Zone Map

Types of Floods & Where They Occur

The Ventura River watershed experiences several distinct types of flooding: riverine flooding, alluvial fan flooding, coastal flooding, and urban drainage flooding, and has the potential for dam failure flooding. 

Riverine Floods
Riverine flooding occurs when a stream or river receives too much water and the excess flows over its banks and onto the adjacent floodplain. 

The steep terrain of the Ventura River watershed is carved by a network of streams that do their job of discharging water in a very short distance. The distance from the headwaters to the ocean is only 33.5 miles. Stormflows move fast in such a steep environment. Couple that with the intense downpours that can occur in the upper watershed, and the result is that streamflows sometimes cannot be contained by their banks.  

Floods in these conditions are called “flashy” because floodwaters tend to rise and fall in a matter of minutes. In the flood of 1992, as an extreme example, the rate of flow of the Ventura River rose from less than 100 to 46,700 cubic feet per second(or 46,600%(within about three hours. 
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Ventura River Rescue, 1992 Flood

Photo courtesy of Ventura County Star
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City of Ventura’s Nye Well 1A, 2005 Flood

The city’s Nye Well 1A replaced Nye Well 1, lost in a previous flood. The Feb. 2005 flood took out the rest of the well. 
Photo courtesy of Ventura Water, City of Ventura
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Overflowing Manhole in San Antonio Creek, 2005 Flood 

Photo courtesy of Ojai Valley Sanitary District

In addition to the risks associated with water overflowing its banks, riverine floods also pose risks related to erosion. Properties adjacent to streams and rivers can be scoured and undercut during floods, threatening homes, roads, and infrastructure. The floods of 1969 and 2005 both washed out a number of sewer mainlines along the edges of San Antonio Creek and the Ventura River. In the 2005 flood, this caused raw sewage to spill into the river for several days.  

The high sediment loads carried and deposited by local streams is a very significant factor in local riverine flood risks. Deposited rocks and sediment readily fill established channels, causing channel overflow and exacerbating flooding. 

Another important contributor to flooding is the wildland fires that occur in the forest and chaparral habitats that frame the watershed. After an intense fire, a waxy substance can be left on the soil from the burning of brush and trees, which makes the soil repel water. These “hydrophobic” soils decrease infiltration and increase runoff. A pattern of floods following fires has been observed for more than 90 years in southern California (Earp 2007). 
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Alluvial Fan Floods

Alluvial fans are the fan-shaped deposits of rock and sediment that accumulate on valley floors adjacent to steep, erosive mountains, typically in dry climates. The stream channels associated with alluvial fans are shallow, not well defined, and unpredictable. In heavy rains, water runs off the steep mountains above alluvial fans very fast and with tremendous erosive force. The water picks up sediment, rocks, and boulders that can easily fill the shallow stream channels and cause floodwaters to spill out, spread out, and cut new channels. Alluvial fan floods can cause significant damage due to the high velocity of water flow, the amount of debris carried, and the broad area affected by floodwaters.
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East Ojai Avenue, 1969 Flood

The stream channels associated with alluvial fans are shallow, not well defined, and unpredictable.

Photo courtesy of Ventura County Star
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Soule Park Golf Course, 2005 Flood

Photo courtesy of Ventura County Watershed Protection District

A significant area of the Ojai Valley’s East End appears on FEMA floodplain maps because of alluvial fan flood risk. Three alluvial fans occur in this area: Thacher Creek Alluvial Fan, San Antonio Creek Alluvial Fan, and Dron-Crooked Canyon Alluvial Fan (VCWPD 2009). 
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Figure 2.3.2.4 - East Ojai 100-Year (1% AEP) Floodplain
Source: Alluvial Flood Plain Mapping (VCWPD 2009)
San Antonio, Thacher, McNell, Reeves, and Dron Creek-Crooked Creeks are associated with the alluvial fan flooding on the East End of Ojai. These creeks have some of the highest erosion rates in Ventura County (Hawks & Associates 2005). This area of the watershed is dominated by citrus orchards, and flooding of the creeks can cause erosion and damage to the orchards, as well as to homes and roads. Residential neighborhoods built in these areas have a history of repeated flood damage. The Siete Robles neighborhood on Ojai’s East End, located directly on the “active” or depositional area of the alluvial fans, has seen severe flooding over the years.

Coastal Floods

Coastal flooding occurs when water from the ocean is driven onto land by storm surges, by storm-generated wind, tides and waves, or by tsunamis. 
Damaging erosion of the coast, beaches, and structures along the coast is the hazard presented by coastal flooding, and this hazard is exacerbated by the reduction in the natural transport of sediment to replenish local beaches. Rising sea level from climate change also presents a potential coastal flooding hazard. Backwater flooding at the river mouth, where the flow of the river to the ocean is “backed up” by exceptionally high ocean water, is a type of flooding that is possible under conditions of higher sea level. An example of backwater flooding that regularly occurs just outside of the watershed is the drainage to the coast on San Jon Road in Ventura.
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Backwater Flooding at San Jon Road, Ventura

Photo courtesy of Paul Jenkin

Coastal flooding often occurs at the same time that riverine flooding occurs because both are associated with major storms, but this is not always the case. Sometimes powerful storms can flood or significantly erode the coast but not drop enough water to cause significant riverine flooding in the watershed. 
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Ventura Pier 1998

Photo courtesy of Paul Jenkin

The boundaries of the watershed at the coast extend from the upper end of the City of Ventura’s Seaside Wilderness Park adjacent to Emma Wood State Beach to just west of the tall Crowne Plaza Hotel at California Street. Coastal development in this area consists primarily of the 62-acre Ventura County Fairgrounds, several apartment complexes, and the Ventura Promenade. 

Relative to other parts of the coastline, this area is sheltered from ocean storm swells by both Point Conception and the Channel Islands (BEACON 2009). Nonetheless, Emma Wood State Beach and the Ventura Promenade in front of the Ventura County Fairgrounds—both located on the river’s delta(have experienced repeated coastal flooding and erosion damage over the years. Emma Wood State Beach is eroding at a rate of about 0.6 feet annually, and past storms have caused extensive damage and led to its temporary closure (Ventura County 2011a).
A reduction in the natural flow of sediment and sand to the beach is one of the reasons the ocean has been able to cause so much erosion here. The natural supply of sediment to the beaches in this region of the coast is principally from the steep gradient mountain creeks of the Santa Ynez and Topatopa Mountains. Over half of this natural sediment is now blocked from reaching the beach, largely by Matilija Dam, but also by other dams, diversions, and debris basins (Beller et al., 2011).
Erosion of the coastal bluffs northwest of the Ventura River delta has historically contributed sediment to local beaches, but this natural process has also been modified. The Rincon Parkway, the 17-mile stretch of coastline above the mouth of the Ventura River, is almost all protected with either seawalls or revetments that were installed to protect the railroad, freeway, and development from erosion and the impact of waves (BEACON 2009).

The city of Ventura is a beach town; its inviting and accessible beaches are a central part of its cultural identity, and the health and maintenance of these beaches and coastal habitats is strongly supported by watershed stakeholders. A well-used promenade and bike path runs along the coast east of the river mouth in front of the fairgrounds and connects to paths up and down the coast, as well as up the river. This area of the coast is a highly regarded surfing spot, a point break known as “Surfer’s Point.” Erosion of the beach in this area is a significant issue of concern in the watershed. The bike path and parking area have lost more than 60 feet of land in some places since originally installed. See “2.2.3 Geomorphology and Sediment Transport” for a discussion on the innovative “managed retreat” project being implemented in this location to address the loss of beach sand.
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Surfer’s Point in Front of Ventura County Fairgrounds, 1995

Photo courtesy of Paul Jenkin

Urban Drainage Floods

Storm drain infrastructure (systems of ditches, culverts, pipes, and lined channels designed to quickly move storm flows out of urban areas) can also be overwhelmed by storm flows and cause flooding. These systems can be undersized or poorly designed, become damaged, or get clogged by debris. When this happens, flooding can occur in areas outside the expected flood zone. Urban drainage problems can also result in areas protected by levees because the natural flow towards the river is blocked by the levee itself. Urban drainage flooding is primarily nuisance flooding since significant flows are not usually involved. This type of flooding does not generally pose a serious threat to life and property.

The siting of urban development in natural wetlands is another reason for urban drainage flooding in the watershed. Springs, vernal ponds, and other types of wetlands are commonly associated with geological faults. The highly folded and faulted Ventura River watershed, one of the most tectonically active uplifting regions of the world, has quite a number of fault-associated wetlands scattered throughout the area (Ferren 2004). Some areas in the watershed are known for having a very high water table, which can also present urban drainage flooding problems. 
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Ojai Meadows Preserve Restoration

The restoration of the Ojai Meadows Preserve in Meiners Oaks by the Ojai Valley Land Conservancy is addressing a historic urban drainage problem by re-establishing the natural wetland drainage in that area. 

Photo courtesy of Rick Wilborn

Stormwater Infiltration Infrastructure

Impervious surfaces—rooftops, roadways, and parking lots—in urban areas exacerbate flood flows because water flowing over these surfaces does not infiltrate or evapotranspire; it simply flows off, fast. The result is that both peak streamflow rates and runoff volumes can be increased by impervious surfaces. Groundwater recharge is also diminished. Another impact of impervious surfaces is that they accumulate pollution and sediment, which increases nutrients, bacteria, and other pollutant concentrations in local channels, rivers, and the ocean.

As a result of these impacts to water quality, state and local regulators have developed stormwater “best management practice” (BMP) programs and requirements to increase the retention and infiltration of stormwater onsite, so that the amount and quality of water leaving the site during storms more closely matches that of predevelopment conditions. These BMPs include such things as bioswales, rain gardens, vegetated filter strips, small neighborhood retention basins, and other types of infiltration systems (and curb cuts that direct runoff into these infiltration systems); as well as pervious pavements, green roofs and other systems. The photos below illustrate some of these systems installed in the watershed.

[image: image40.jpg]



Bioswale, Surfer’s Point, Ventura
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Bioswale, Hwy 33, Mira Monte
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Pervious Parking Lot, Ojai

Photo courtesy of Lisa Brenneis

Dam Failure Floods

Flooding as a result of dam failure is another type of flooding that could potentially occur in the watershed. Dam failure can result in severe flooding because the flows are much larger than the capacity of the downstream channels. Four dams are of sufficient size to be regulated for safety in the watershed: Casitas Dam, Matilija Dam, Senior Canyon, and the dam associated with Stewart Canyon Debris Basin. Because of the size of Lake Casitas, the Casitas Dam poses the greatest flooding threat. Depending on whether the dam is federally or locally owned, dams are under the regulatory jurisdiction of either an agency of the Federal government, as is the case for Casitas Dam, or under the California Division of the Safety of Dams (DSOD), as is the case for Matilija Dam, Senior Canyon Dam, and Stewart Canyon Debris Basin (USACE 2004b). Table 2.3.2.4 summarizes the four dams/debris basin in the watershed.
	Table 2.3.2.4 Regulated Dams in the Ventura River Watershed

	Dam
	Owner
	Regulatory Jurisdiction
	Capacity 
acre-feet
	Flood Route

	Casitas Dam
	U.S. Bureau of Reclamation
	U.S. Bureau of Reclamation
	254,000
	Coyote Creek, Ventura River

	Matilija Dam
	Ventura Co. Watershed Protection District
	California DSOD
	500
	Matilija Creek, Ventura River

	Senior Canyon Dam
	Senior Canyon Mutual Water Company
	California DSOD
	78
	Senior Canyon, San Antonio Creek

	Stewart Canyon Debris Basin
	Ventura Co. Watershed Protection District
	California DSOD
	64.6
	Stewart Canyon Creek Channel, Stewart Canyon Creek, San Antonio Creek


Data Source: (URS 2005; Cardno Entrix 2012; USACE 2004 and 2004b, Magney 2005)
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Figure 2.3.2.5 - Casitas Dam

Photo courtesy of US Bureau of Reclamation

The Casitas Dam is located in an area of high seismicity, which presents a potential hazard to the dam’s integrity, as described in the following excerpt:

“Casitas Dam is located in an area where the earth’s crust is being compressed rapidly (on a geologic time scale). As a result, the area surrounding the dam contains numerous active faults, including the Red Mountain thrust fault less than 2 miles from the dam. A peer-reviewed study shows this fault to be capable of producing an earthquake of approximate magnitude Mw7. The resulting accelerations could exceed 0.7 times the earth’s gravity (0.7 g). A seismic hazard assessment was performed considering the Red Mountain Fault as well as other nearby faults. This evaluation concluded that there is from 1 chance in 100 to 1 chance in 300 in any given year of accelerations exceeding 0.6 g. This probability is unusually high, even for California.”

​(Design Summary, Casitas Dam Modification (USBR 2001)

Much of the embankment of the dam bears upon stream-channel alluvial substrate (USBR 2001), a material that is susceptible to liquefaction during earthquakes (URS 2005a). Liquefaction occurs when ground shaking causes loose, saturated soil to lose cohesive strength and act as a viscous liquid for several moments (Ventura County 2011a).
To address concerns about the potential liquefaction of the alluvium substrate under Casitas Dam in a severe earthquake, upgrades to the facility were made in 2001, including stabilization of the downstream slope and modification of the crest to accommodate instability of the upstream slope (USBR 2007). At the crest, the earth filled Casitas Dam originally measured 40 feet from lakeside to the face of the dam. The foot of the dam was 1,750 feet thick. This seismic retrofit increased the thickness of the dam by 110 feet (CMWD 2013).

Flood Protection Infrastructure
The primary flood control infrastructure in the watershed consists of levees; debris basins; stormwater channels, drainages, pipes and culverts; and bank revetments such as riprap. Dams and reservoirs can also provide some potential flood control functions. Most of the flood management infrastructure in the watershed is designed, managed and maintained by the Ventura County Watershed Protection District.

Levees

There are three major levees along the Ventura River, all owned and operated by the Ventura County Watershed Protection District. Of the 16.23 miles of the mainstem of the Ventura River, 4.93 miles (30%) of the length of the river has a levee on one side.

Federal regulations administered by FEMA require levee owners and operators to certify that their levees will continue to provide a barrier to the base flow flood (generally the 1% AEP flood) in order for FEMA to accredit such flood protection levels on Digital Flood Insurance Rate Maps (DFIRMS). In November of 2009, the Ventura County Watershed Protection District (VCWPD) completed the mandated engineering evaluations for the levees in the watershed. 

The three levees in the watershed were found to have deficiencies such that in their current condition they could not be certified, by the November 2009 compliance deadline, as fully meeting federal standards. 

	Table 2.3.2.5- Levees in the Ventura River Watershed

	Levee
	Year 
Built
	Location
	Length (miles)
	Built to Protect

	Ventura River Levee
	1948
	From Pacific Ocean to Canada de San Joaquin, city of Ventura
	2.65
	City of Ventura

	Live Oak Levee
	1978
	From Santa Ana Blvd. Bridge to the Live Oak Diversion (~where Riverside Rd. meets Burnham Rd.), Oak View
	1.28
	Live Oak Acres

	Casitas Springs Levee
	1979
	From Santa Ana Blvd north to Riverside Rd., Casitas Springs
	1
	Casitas Springs


Data Source: (Cardno Entrix 2012; USACE 2004b)

One of the consequences of not meeting certification requirements is that property owners behind the non-certified levees would, when new FEMA flood hazard maps are created, be in a flood hazard zone. At that time, property owners with federally backed mortgages would be subject to mandatory federal flood insurance requirements. FEMA’s DFIRMS do not get updated often, and a number of studies and steps need to happen before they are updated for the Ventura River watershed. FEMA has not yet released an official date when it plans to issue new DFIRMs for the watershed. The projected earliest release date for new DFIRMs for the areas protected behind the three levees would be sometime during 2014 (VCWPD 2013d).
The Matilija Dam removal project, called the Matilija Dam Ecosystem Restoration Project, involves installing and upgrading a number of flood control structures in the river, including enhancing the Casitas Springs and Live Oak levees. Design work is already in process, and if sufficient construction funding can be secured for these levee rehabilitation projects, federal levee certification requirements should be met for these two levees. 

For the Ventura River Levee, the VCWPD is engaged in preliminary design engineering work in support of levee retrofit and/or enhancement projects required to certify the levees, and is researching possible sources of funding.

Debris and Detention Basins

Debris basins are a very important component of flood control systems in areas where streams carry high sediment loads. Typically placed at canyon mouths, debris basins capture the sediment, gravel, boulders, and vegetation that are washed out of canyons during storms. The basins capture the material and allow the water to flow into downstream drainage channels. Removing sediment and debris helps prevent blockage of channels and associated flooding. One of the drawbacks of debris basins is that by removing the sediment from the water, the flowing water becomes hungry for sediment and as a result increased erosion and scour downstream of debris basins has been observed (VCWPD 2013a). 
There are four functioning debris basins that collect sediment from drainages before they enter the mainstem of the Ventura River: Dent, Live Oak, McDonald Canyon, and Stewart Canyon. All of these basins are owned and operated by the Ventura County Watershed Protection District.

Some basins have been designed specifically as “detention basins,” which detain large volumes of water during the early phases or peak of a storm event, then slowly release the water over time. Detention basins reduce the peak downstream flows, which reduces flooding, but they also act to retain debris. Similarly, basins designed primarily as debris basins also help to attenuate peak flow, depending on their storage capacity. 

	Table 2.3.2.6 Debris Basins in the Ventura River Watershed

	Basin
	Year 
Built
	Location
	Watershed Area (acres)
	Maximum Debris Storage Capacity
(cubic yards)
	Expected Debris Production for 1% AEP* Flood 
(cubic yards)

	Dent Debris Basin
	1981
	Ventura, behind De Anza Middle School
	19
	4,100
	1,624

	Live Oak Diversion Dam
	2002
	Oak View, west of Burnham Rd. between Santa Ana Rd. and Hwy 150
	794
	28,700
	20,952

	McDonald Canyon Detention Basin
	1998
	Meiners Oaks, east of Hwy 33/Fairview Rd junction
	573
	23,400
	20,179

	Stewart Canyon Debris Basin
	1963
	Ojai, at north end of Canada St.
	1,266
	328,300
	209,000


*Annual Exceedance Probability 
Data Source: (VCWPD 2005a; Cardno Entrix 2012)

Stewart Canyon Debris Basin

The Stewart Canyon Debris Basin is worth special mention. It is so massive that it stands out in aerial photos of the city of Ojai. The basin sits at the base of Stewart Canyon, one of the primary drainages off of Nordhoff Peak. Stewart Canyon naturally drains through the center of the city of Ojai, and in the flood of 1938 this became a big problem. A 1938 newspaper stated, “The Arcade was awash from a cascade down Montgomery Street and Signal Street. Lion and Aliso were also completely flooded as water raced down Stewart Canyon.” (OVN 1969) 
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Downtown Ojai Before Stewart Canyon Debris Basin was Built, 1938 Flood

This flood provided motivation for the construction of the Stewart Canyon Debris Basin, which is credited with saving the city of Ojai from major property damages and loss of lives. It is estimated that over 200,000 cubic yards of material were deposited in the basin by the January and February 1969 storms (City of Ojai 1991).
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Stewart Canyon Debris Basin

Stewart Canyon debris basin is the large brown area in the upper center of the image.

Map photo courtesy of Google Earth

Dams and Reservoirs
The Matilija Reservoir no longer serves a flood control function due to being largely full of sediment. The capacity at Lake Casitas (if available) can provide modest regulation of flood flows, as the stormwater from upper Coyote Creek and Santa Ana Creek flows into the lake, and up to 500 cfs can be diverted from Ventura River to the lake. However, the 500 cfs diversion has little effect on large peak flows (Entrix & URS 2004). See “2.3.1 Surface Water Hydrology” for more information on the watershed’s dams and reservoirs.

Flood Monitoring

The Ventura County Watershed Protection District (VCWPD) maintains a Google Maps interface that provides current (almost real-time) streamflow observations. The monitoring location icons are color-coded to indicate the current flooding status. By clicking on a specific monitoring location icon, a window opens with last observed flow data and forecast information. By then clicking on the monitoring location link within this window, more detailed information is provided on flood flow categories and potential flood impacts for that location. Website: www.vcwatershed.net/fws/VCAHPS/#.  
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Figure 2.3.2.6 – VCWPD’s Advance Hydrologic Prediction System Website

See “2.3.1 Surface Water Hydrology” for a summary of the other streamflow monitoring programs in the watershed. 

Highway 33 Destroyed at North Fork Matilija Creek, 1969


The most damaging recorded riverine flood in the Ventura watershed occurred in 1969. �Photo courtesy of Ventura County Star
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