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WATER QUALITY AND LAND USE IN WESTERN SAN FERNANDO VALLEY 

CANYONS AND TRIBUTARY STREAMS 

by 

Jack Watson Miles 

Master of Science in Geology 

Very little is known about the surface water quality of the western San Fernando 

Valley tributary streams, located in the Santa Susana Mountains, the Santa Monica 

Mountains and the Simi Hills. As water demands grow, local surface waters require 

evaluation for their potential to enhance recharge of the San Fernando groundwater basin. 

Monthly water quality field measurements and water samples were collected within 

several watersheds, which contained types of land-usage such as horse ranching and 

urban development that could potentially impair local water quality. Observable water 

quality trends were compared with land usage patterns within each watershed. 

Uninfluenced streams exhibited low discharge rates, seasonal flow and high 

concentrations of dissolved constituents. Several urban-influenced streams exhibited high 

discharge rates, perennial flow and low concentrations of dissolved constituents, 

indicating a relatively large urban runoff component. Other urban-influenced streams 

exhibited high discharge rates, perennial flow and high concentrations of dissolved 

constituents, indicating that urban runoff had infiltrated local soils and sedimentary rock 

and accumulated a significant dissolved load before entering the stream. 
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Streams with seasonal flow, low average discharge rates and high dissolved 

constituent loads should be removed from consideration for artifical recharge 

enhancement. The remaining streams should be further evaluated for additional urban

related contaminants and storm runoff water quality. 
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INTRODUCTION 

Location and Purpose 

The most hydrologically significant river in Los Angeles County is the Los 

Angeles River. This waterway includes a number of watersheds, the largest of which is 

the Upper Los Angeles River Area (ULARA). The ULARA is further delineated into four 

groundwater basins, including the San Fernando Basin (SFB, shown in Figure 1.) which 

covers an area of 112,000 acres, has an approximate groundwater storage capacity of 

3,200,000 acre-feet of water and contributes to the drinking water needs of at least 

600,000 residents of Burbank, Glendale and Los Angeles (LAD WP, 2005). 

Figure 1: San Fernando Basin Map (LADWP, 2005). 
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The water quality within the SFB varies with location; most is compliant with 

California Title 22 Drinking Water Standards, yet some areas receive persistent 



contamination :from a variety of sources such as light industry, electroplating and the 

aerospace industry. Given several potential threats to public health within the SFB, 

various studies and remediation efforts have produced a respectable quantity of water 

quality data for the aquifers that are currently producing drinking water. However, little 

effort has been directed towards understanding the local water quality of surface waters 

flowing into the valley. 

The waters :flowing from the canyons of the Santa Susana Mountains, Santa 

Monica Mountains and the Simi hills historically contributed to the recharge of the SFB, 

an important local source of drinking water that is presently threatened by contamination 

and over-withdrawal. To mitigate :flooding, tributaries have been diverted into the 

impervious Los Angeles River via flood control channels and now flow rapidly to the 

Pacific Ocean. The availability of suitable drinking water has since diminished with the 

rapid urbanization of the SFB, and current flood control practices are now being 

reevaluated. What is the local surface water quality, and does the discharge quantity 

justify the construction of artificial enhancements to promote SFB aquifer recharge? 

To meet this need for information, the Mountains Restoration Trust (MRT) was 

awarded a grant :from the State Water Resources Control Board for the implementation of 

the Headwaters to Groundwater: Upper Los Angeles River Area Assessment Project 

(ULARAAP). A Research Advisory Committee (RAC) was created to provide oversight 

and recommendations to the Project. The RAC consists of: Mel Blevins (ULARA 

Watermaster's Office), Ernie Weber, Steve Craig, Frank Hovore, Richard Slade and Earl 

LaPensee (Independent Consultants), Susan Woolman (CADWR), and Dr. Ali Tabidian 

and Dr. Shawna Dark (CSU-Northridge). MRT has acquired the cooperation of several 
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researchers at the California State University - Northridge to help address the questions 

and provide recommendations. Many components of this thesis contribute to this effort. 

Previous Work and Literature Review 

Nearly all previous SFB hydrological studies focus on the Los Angeles River as it 

flows through the basin, with little attention directed to its upper tributaries. Most SFB 

tributary references (LADPW, 2006; Montgomery, 1992) note the seasonal flow regime 

of uninfluenced canyon streams, but no quantitative data is presented. Oil well logs exist 

for the eastern Santa Susana Mountains, which provided one basis for early workers, such 

as Thomas Dibblee Jr., to map local geologic units (Parise and Jibson, 2000). 

The Boeing Company is currently monitoring the water quality of stormwater 

discharging from the Santa Susana Field Laboratory (SSFL), a National Pollutant 

Discharge Elimination System (NPDES) site, in compliance with EPA requirements. 

Coincidentally, the effects of naturally occurring contributions and the 2005 Topanga 

wildfire were documented (Boeing, 2006a). The site monitoring results and their 

relevance to my investigation are discussed under the Land Use section. 

I reviewed many previous hydrologic studies in Mediterranean climate 

watersheds that examined the effects of vegetation removal (Lewis, 2000; Wang, 2006) 

fire (Gonzalez-Pelayo et al., 2006; Loaiciga et al., 2001), agrarian activity (Pekarova, 

1996) and urbanization (Berne, 2004; Mancini, 2005; Robson, 2006; White, 2006). No 

publications were found that examined these factors within the study area. 
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Physiography 

The Upper Los Angeles River Area (ULARA) covers a total of 328,500 acres, of 

which 122,800 acres is alluvial fill. The ULARA is comprised of four basins: the San 

Fernando, Sylmar, Verdugo and Eagle Rock basins. Of these, the San Fernando Basin 

(SFB) is the largest and contains 112,000 acres of alluvial fill, or 91.2% of the total 

alluvial fill (Montgomery, 1992). The SFB is roughly 23 miles long in an east-west trend, 

and about half as wide from north to south. The study area is covered by the USGS 7.5 

minute quadrangles: Calabasas, Canoga Park, Oat Mountain and Simi East, and is located 

in the western end of the SFB (Figure 2). 
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Figure 2: Map of Study Area (modified from Domingo, 2006). 
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The SFB is surrounded on all sides by hills and mountains that rise steeply from 

the valley floor: the San Gabriel Mountains to the north and northeast, the Santa Susana 

Mountains to the north, the Simi Hills on the west and the Santa Monica Mountains on 

the south. The valley floor slopes to the southeast: from an approximate high elevation of 

1,100 feet above sea level in the northwest, to a low of 300 feet above sea level where the 

basin ends in the southeast (Montgomery, 1992). This lowest boundary is marked by the 

Los Angeles River and the Arroyo Seco confluence, at a topographical constriction 

known as the Los Angeles River Narrows. 

Active alluvial deposition is occurring along every edge of the SFB. The type of 

alluvium deposited at the mouth of every tributary wash is controlled by the local parent 

rock type. 

Regional Climate 

The climate m the SFB is subtropical, follows a "Mediterranean" annual 

hydrological pattern and is characterized by hot, dry summers and mild winters. The 

average maximum temperature in the SFB is ~80°F, and the average minimum 

temperature is ~49°F (WRCC, 2005). The local mountains impose geographical 

constraints on regional airflow, with two major consequences for the SFB. These include 

the thermal inversion scenario, in which warm, upwelling air and smog are trapped 

beneath a cool air layer from the Pacific Ocean can prevail throughout the year, and the 

Santa Ana winds, which can appear if a sufficiently high pressure gradient accumulates 

between the Coastal and High Desert regions, bringing warm, dry gusts of air to the SFB 

and greatly elevating the threat of wildfire. 
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Southern California's hydrologic pattern contains three seasons: stonnflow, 

meltflow and baseflow (Ahearn et al. 2004). Most precipitation in the SFB falls during 

the stormflow season, between December and March. Meltflow contributions to the SFB 

during April, May and June are limited by the lack of local snowfall. The baseflow 

period, lasting from July through October, is characterized by drought conditions that 

may persist for several months. Snowfall at above 5000 feet of elevation occurs 

frequently during the winter (LADPW, 2006). The average annual precipitation in 

Canoga Park, located in the west-central end of the study area, is 16.83 inches (WRCC, 

2005). 

Any hydrologic study requires a certain minimum spatial and temporal resolution 

to successfully capture representative rainfall measurements, which for a hilly, urban 

catchment in a Mediterranean climate of an approximately 4 mi2 area is about one gauge 

per 0.80 mi2 and one reading taken every 3 minutes (Berne et al., 2004). The resolution of 

my precipitation database is significantly lower, with roughly one raingage for every two 

watersheds and one reading collected every day. 

Geology 

The following sections summarize the major regional geologic features of the 

study area. The relevant local geological features within each watershed, and their 

hydrological significance, are described in greater detail in the "Results and Discussion" 

section. Geologic maps are located in Appendix A. These were modified from the 2005 

Preliminary Geologic Map of the Los Angeles Quadrangle by R. Yerkes and R. 

Campbell. 
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Structure. The underlying structural geology and the shape of the SFB result 

directly from regional scale tectonic activity in Southern California, which straddles an 

active boundary between two crustal plates: the North American Plate and the Pacific 

Plate. This boundary is the San Andreas Fault (SAF) Zone, where the Pacific Plate has 

been shifting north-northwest relative to the North American Plate for the past 26 million 

years (Yerkes and Campbell, 2005). The east-west trending Transverse Ranges, which 

include the Santa Susana Mountains, Santa Monica Mountains and the San Gabriel 

Mountains, presumably originate from the local deflection of the SAF from the 

predominantly northwest trend to a nearly east-west trend (Yerkes and Campbell, 2005). 

This deflection has caused compressive stress to accumulate locally in the north-south 

direction, resulting in folding, reverse faulting and the orogeny of the Transverse Ranges 

(Montgomery, 1992). 

The SFB is bound to the north and South by the Transverse Ranges, with active 

reverse faults occurring along the Southern edge of the Santa Susana Mountains, San 

Gabriel Mountains and the Verdugo Hills as a result of regional north-south compression 

(Montgomery, 1992). This fault complex is the furthest-west component of the Sierra

Madre fault zone (Dolan et al., 1995). The Santa Susana Fault, which roughly parallels 

Sesnon Blvd in the east and trends west-northwest to the north of Simi Valley, is a 

reverse fault that separates the down-thrust SFB block beneath the uplifted Santa Susana 

Mountains and has created a series of folds trending northwest-southeast (Fritsche, 2001; 

Fuis, 2003). 

This tectonic province is one of the most seismically active regions in the United 

States, with three earthquake events exceeding Mw 6.0 occurring locally within the past 
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50 years (Parise and Jibson, 2000). Locally occurring, potentially active faults include the 

Mission Hills, Verdugo and Northridge Hills reverse faults, which are north-dipping and 

display fault-propagation folding at the surface (Baldwin et al., 2000). 

The Santa Monica Mountains, forming the Southern boundary of the SFB, are an 

east-west trending anticline that is being uplifted along its southern flank by the 

Hollywood fault, a component of the Hollywood-Raymond fault zone (Montgomery, 

1992). The Hollywood fault is a north-dipping reverse fault, and its surface expression 

coincides with the base of the Santa Monica Mountains (Dolan et al., 1997a). Although 

the fault has a measured surface rupture recurrence interval averaging between 7 and 8 

thousand years, it is considered active and capable of a hypothetical Mw 6.9-7.0 

earthquake if the entire Santa Monica fault were to rupture (Dolan et al., l 997b ). 

Stratigraphy. The crystalline basement rocks underlying the study area are 

metasedimentary and metavolcanic rocks, most likely deposited on a Jurassic oceanic 

crust and accreted to the North American craton. These were later intruded by granitic 

bodies in the early Cretaceous, of similar age and type as some rocks found in the San 

Gabriel Mountains (Yerkes and Campbell, 2005). 

Within the study area, the geologic units that compnse the Santa Susana 

Mountains, Simi Hills and Santa Monica Mountains are all grouped within the 

Transverse Ranges Province. These consist of Upper Cretaceous and Tertiary 

sedimentary strata, deposited unconfonnably on basement rocks (Yerkes and Campbell, 

2005). 

The summarized stratigraphic descriptions below are provided as an overview, for 

local detailed stratigraphy refer to each watershed in the "Results and Discussion" 
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section. Geologic maps of each of the ranges, including the location of each monitoring 

site, are in Appendix A. 

Santa Susana Mountains. These mountains are underlain by fine-grained, detrital 

sedimentary rocks that range from Cretaceous to late Pliocene in age. The sequence is 

locally disrupted by faulting and folding, but older rocks are generally located north of 

the Santa Susana Fault as a result of uplift. Landslide deposits are very common (Yerkes 

and Campbell, 2005). Parise and Jibson found that the Pico and Towsley formations had 

a very high susceptibility to landslides during the 1994 Northridge earthquake (Parise and 

Jibson, 2000). 

QTs Saugus Formation: Course-grained, cross-bedded sandstone and pebble 

conglomerate, nonmarine with some interbedded marine and brackish 

water deposits. Early Pleistocene to late Pliocene. Unconformably overlies 

the Pico Formation. 1,950 m maximum thickness. 

Tp Pico Formation: Marine siltstone, with thin interbeds of very fine-grained 

sandstone. Pliocene. 183 m maximum thickness. 

Tw Towsley Formation: Interbedded sandstone, conglomerate and mudstone, 

interfingered with the Modelo Formation in the Santa Susana Mountains. 

Late Miocene to early Pliocene. 1,220 m maximum thickness. 

Tm Modelo Formation: gray to brown, thinly bedded mudstone, shale or 

siltstone with interbeds of fine to course-grained sandstone and some 

turbidite features. Late Miocene. 

Tt Topanga Canyon Formation: Predominantly thickly-bedded marme 

sandstone with interbedded siltstone, pebbly sandstone and pebble-cobble 

conglomerate. early-middle Miocene. 

Tsi Simi Conglomerate: Nonmarine, cobble-boulder conglomerate in a course 

sandstone matrix. Paleocene. 
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Kc Chatsworth Formation: Massive, thickly bedded, medium to course

grained, well-cemented turbidite sandstone. Late Cretaceous. 1,830 

exposed thickness. 

Simi Hills. These mountains are underlain by fine-grained, detrital sedimentary 

rocks that range in age from Cretaceous to late Pliocene. The sequence is locally 

disrupted by faulting and folding. The north end of this region is dominated by the 

massive cliffs of the exposed Chatsworth Formation, the central Simi Hills region is 

primarily exposed Modelo Formation, and the Calabasas Formation appears in the south 

end where the Simi Hills meet the Santa Monica Mountains. Landslide deposits are very 

common throughout this region (Yerkes and Campbell, 2005). 

Tp Pico Formation: Marine siltstone, with thin interbeds of very fine-grained 

sandstone. Pliocene. 183 m maximum thickness. 

Tw Towsley Formation: Interbedded sandstone, conglomerate and mudstone, 

interfingered with the Modelo Formation in the Santa Susana Mountains. 

Late Miocene to early Pliocene. 1,220 m maximum thickness. 

Tm Modelo Formation: gray to brown, thinly bedded mudstone, shale or 

siltstone with interbeds of fine to course-grained sandstone and some 

turbidite features. Late Miocene. 

Tcb Calabasas Formation: Interbedded clayey to silty, medium to course

grained wacke sandstone with local beds of sedimentary breccia. Late

middle to early-late Miocene. 

Kc Chatsworth Formation: Massive, thickly bedded, medium to course

grained, well-cemented turbidite sandstone. Late Cretaceous. 1,830 

exposed thickness. 

Santa Monica Mountains. The study area is predominantly of the Modelo and 

Calabasas Formations, which are exposed in the north foothills of the Santa Monica 

Mountains. The Tuna Canyon Formation and some Santa Monica Slate is exposed in the 

eastern end of the SM study area, in Caballero Canyon (Yerkes and Campbell, 2005). 
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Tm Modelo Formation: gray to brown, thinly bedded mudstone, shale or 

siltstone with interbeds of fine to course-grained sandstone and some 

turbidite features. Late Miocene. 

Tcb Calabasas Formation: Interbedded clayey to silty, medium to course

grained wacke sandstone with local beds of sedimentary breccia. Late

middle to early-late Miocene. 

Teo Conejo Volcanics: basaltic and andesitic flows, breccia and tuff, 

intertongues with the Calabasas Formation. Middle-middle Miocene. 

Ti Intrusive rocks: Diabase, basalt and andesite intrusions, as dikes, sills and 

irregular bodies. Easily eroded and commonly associated with landslide 

features in the Topanga Canyon Formation. Middle-middle Miocene. 

Tt Topanga Canyon Formation: Predominantly thickly-bedded marine 

sandstone with interbedded siltstone, pebbly sandstone and pebble-cobble 

conglomerate. early-middle Miocene. 

Kt Tuna Canyon Formation: Thickly-bedded marine sandstone, siltstone and 

conglomerate with some turbidite features. Late Cretaceous. 

Jsm Santa Monica Slate: black slate, metasiltstone and metagtaywacke that is 

jointed, folded and intruded by Cretaceous granite. Late Jurassic. 

Regional hydrogeology. The relatively rapid uplift of the surrounding mountains, 

in relation to the SFB, has produced sediment that is deposited locally in alluvial fans. 

The lithology of SFB fill exhibits lateral changes in grain size, which is controlled by two 

primary factors: the difference in topographical relief between the eastern and western 

boundaries of the SFB, and the type of parent rock contributing sediment to the locale 

(Montgomery, 1992). The hills and mountains that bound the south, west and northwest 

perimeters of the SFB are of comparatively low relief, and are composed of sedimentary 

rock. The San Gabriel Mountains flank the SFB to the north and east, are of 

comparatively high relief and contribute sediment from igneous parent rocks. 
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Valley fill in the west is typically fine-grained, and the grain-size increases to a 

more course particle-size in the east end of the SFB as a result of local geological 

controls on sediment influx (Montgomery, 1992). Permeability in the SFB also varies 

with the type of local sediment. Flow rates within the western SFB aquifer can average 5 

feet per year (ft/yr), whereas the eastern SFB can average 300 ft/yr or more; see figure 2. 

(Tabidian and Squires, 2000). 

Figure 3: Groundwater-flow vectors in the San Fernando Valley (LADWP, 1999). 

Soils. The hill and mountain slopes within the study area have relatively thin soil 

mantles, which are the weathered product of local rock formations. This parent rock is 

most often sedimentary and residual soils can have a high clay content, which diminishes 

infiltration and increases surface runoff. Surface runoff rates can also increase by 20 to 

30% in watersheds affected by wildfire (Loaiciga et al. , 2001). The steep slopes and 

widely spaced vegetative cover promote accelerated soil erosion, especially in areas 
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recently burned by wildfire (Gonzalez-Pelayo et al., 2006). Landslides resulting from the 

1994 Northridge earthquake were responsible for denuding up to 75% of slope areas in 

some local drainages in the Santa Susana Mountains (Jibson et al., 1994) Organic content 

is generally low, except in the canyon floors where oak woodland vegetation allows 

accumulation. Although good soil maps exist for the SFB fill, these lack detailed 

inf01mation regarding the surrounding hills and mountains. 

Local Sources of Drinking Water 

The primary source of local drinking water in the western SFB is imported from 

Northern California, conveyed to Los Angeles via the Los Angeles Aqueduct and the 

California Aqueduct. Most of the Los Angeles Aqueduct water is processed at the Los 

Angeles Aqueduct Filtration Plant, located in Sylmar and operated by the Los Angeles 

Department of Water and Power (Tabidian and Squires, 2000). The raw imported water 

arriving at the plant is characterized as sodium bicarbonate or sodium bicarbonate-sulfate 

(LARWQCB, 2006), and generally has less than 250mg/L Total Dissolved Solids (TDS), 

which is considered low or "soft" (Tabidian and Squires, 2000). Given the relative high 

quality of imported water delivered to the facility, it is filtered through a "direct filtration 

plant" which lacks sedimentation basins. The resulting drinking water has a turbidity of< 

0.1 NTU, and pH is reduced from slightly greater than 8 to slightly less than 8 (Tabidian 

and Squires, 2000). 

The Jensen Filtration Plant, located in close proximity to the Los Angeles 

Aqueduct Filtration Plant, is a "conventional" filtration plant that primarily treats the 

California Aqueduct water. It is operated by the Metropolitan Water District (MWD). 
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Local aquifers only provide about 15% of the total water consumption of the City 

of Los Angeles, although this can increase under extended drought conditions (Tabidian 

and Squires, 2000). Groundwater recharge to the San Fernando Basin is artificially 

enhanced by a system of six artificial recharge facilities. These spreading grounds serve 

to divert surface water into local aquifers, enhancing the area's water supply and 

sometimes mitigating such negative groundwater impacts as subsidence and the 

expansion of contamination plumes. Three primary sources of recharge water exist: local 

surface runoff, surplus imported waters (such as from the California Aqueduct) and 

treated, locally generated wastewater (Tabidian and Squires, 2000). 

The composition of SFB groundwater reflects the local surface runoff: the 

western SFB is characterized by calcium sulfate-bicarbonate, while the eastern SFB is 

characterized by calcium bicarbonate in character (LADWP, 1999). The western SFB 

runoff dissolves salts from the rocks in the tributaries, resulting in TDS values in excess 

of 600 ppm (LARWQCB, 2006), and hardness values of approximately 400 to 700 ppm 

(Blevins, 1994). The eastern SFB has an average TDS of 290 to 330 ppm, and hardness 

of 170 to 190 ppm (Blevins, 1994). Most groundwater that is pumped from the eastern 

SFB is for drinking water supply, whereas the western SFB groundwater is primarily 

pumped for dewatering and decontamination purposes (Blevins, 1994). 

The estimated total recharge to the SFB is 100,000 acre-feet (AF) per year, or 138 

cubic feet per second (cfs, or ft3/s) (Blevins, 1994). The sources of recharge are identified 

as: precipitation and runoff, or Native Safe Yield, which comprises 44% ( 43,660 AF/yr) 

of total recharge, and return flows from imported water (applied to lawns, etc), which 

comprises 56% (56,340 AF/yr) of the total SFB recharge (Blevins, 1994). 
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Land use 

The predominant land-uses within the Los Angeles River headwaters sub

watersheds which may influence water quality included: suburban development, horse & 

livestock ranching and recreation. Less commonly occurring forms of land use included: 

golf-courses, low-impact recreation (natural parks), rocket testing (at Santa Susana Field 

Lab) and the underground storage of natural gas within sedimentary rock strata. 

Housing. A review of recent satellite imagery of the hills and mountains 

surrounding the SFB showed that there were two main patterns of human habitation: 

widely spaced older, individual dwellings, and closely spaced, newer tract housing 

developments (Domingo, 2006; Google, 2006). One mutually shared potential impact is 

increased soil erosion; as all inhabited structures are required by law to clear brush within 

30 to 100 feet (depending on local ordinance) to minimize the threat of wildfires posed to 

homes (Moore, 2003). Impervious roads and driveways also concentrates surface runoff 

and diminishes recharge by preventing infiltration (Paul and Meyer, 2001; Fetter, 1994). 

The majority of older homes and ranches, constructed within the last 100 years, 

occupied relatively large private lots and were accessible by secondary paved roads or 

private roads. Most of these dwellings were not serviced by a public sewer system and 

expelled wastewater into septic tanks. Some properties had accumulated significant 

collections of derelict vehicles, heavy machinery and other ''junk". 

The second pattern was characterized by the more recently constructed, large

scale developments. The local topography was modified by cut-and-fill grading, which 

created large hilltop plateaus to accommodate homes. The hillsides flanking the 

subdivisions were terraced, reinforced with erosion control measures and often 
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landscaped with irrigated foliage. Each home typically occupied a small lot and had an 

irrigated grass lawn. These subdivisions were typically accessible by well-maintained 

paved roads, and excess surface runoff was diverted into storm drain systems which 

discharged into the adjacent canyons. 

Ranching. Several private ranches existed within the study area; the majority 

were located in the Santa Susana Mountains and horse ranches were the most common 

type. Pastures usually occupied areas at or near the valley floor, and in some cases the 

perimeter fence was within a few feet of a stream. Most equine pastures were devoid of 

significant plant growth, this absence decreases an area's ability to retain its soils during 

rain events and can elevate the sediment load in a local stream (Paul and Meyer, 2001). 

Equine urine and feces entering a stream can introduce foreign microbes such as e. coli 

and Giardia and elevate nutrient levels; which can cause increase the growth of algae and 

effectively diminish the stream's dissolved oxygen content (Paul and Meyer, 2001). 

Recreation. Many of the canyons maintained fireroads and trails which were 

accessible to various types of public traffic, including: hikers, horses, bicyclists, off-road 

vehicles and automobiles. Publicly-operated wheeled vehicles were prohibited from using 

most trails due to their high-impact, however several trails showed signs of recent 

wheeled traffic. Most of the trails following stream channels ran roughly parallel to the 

stream, and crossed with frequency. A few stream channels were designated trails, such 

that traffic traveled within the stream flow. This can increase local soil erosion, and 

introduce such foreign materials as: human and equine urine and feces, motor oil and 

gasoline (Fetter 1994). 
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Natural Gas Storage. The Southern California Gas Company operated a natural 

gas storage field in a formerly producing oil field in the eastern Santa Susana Mountains, 

located at the heads of Aliso Canyon and Limekiln Canyon. This presented the potential 

for an influx of petroleum substances, brinewater, drilling mud and other non-naturally 

occurring materials into local surface waters. One known event that occuned during the 

study, the re-stabilization of a gas-main pipe in Aliso Canyon, visibly altered the local 

stream hydrology. Other past maintenance efforts have presumably occurred elsewhere, 

and present a potential impact. 

Santa Susana Field Laboratory. The September 2005 Topanga Fire burned 

approximately 70% of the SSFL (2000 acres), destroyed many of the best management 

practices (BMPs) that controlled runoff from the site. This was followed three weeks later 

by the first rains of the 2005/2006 rain season (Boeing, 2006a). The water quality data 

and conclusions are publicly available at the Simi Valley Library; unfortunately, the most 

recently released quarterly report data did not overlap with my monitoring schedule. 

Including discharge outfall data in the dataset would not contribute to my understanding 

of baseline flow conditions within local canyons, but those constituents exceeding EPA 

maximum contaminant levels (MCL) and possible sources are discussed in the Bell 

Canyon subsection of the "Results and Discussion". Without access to the property, I 

could not evaluate the water quality or presence of surface runoff, the effects of BMPs 

and other modifications or locate points of groundwater recharge and resurgence. 

The SSFL discharges stormwater runoff into Dayton Canyon and Bell Canyon, 

both located in the study area (Boeing, 2006b ). Discharge outfall is monitored at the head 
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of Dayton Canyon at one location (008), and at two locations at the head of Bell canyon 

(001 and 002). These three sites are shown as "SSFL x" on Figure 2. 

Choice of Method 

Uninfluenced stream conditions must be defined before potential anthropogenic 

water quality impacts can be assessed. This was accomplished by comparing several 

adjacent watersheds that exhibit similar physical, geological and hydrological attributes, 

and different land use attributes. 

Regional baseline water quality conditions in the study area were represented by 

those canyons which were minimally impacted by anthropogenic influences. I analyzed 

satellite and aerial imagery to filter out highly urbanized watersheds, and field-evaluated 

the remainder to determine the overall land-use patterns and exotic sources of surface 

water that may have influenced surface water quality. Water quality measurements were 

collected over several months at several sampling sites, the data were analyzed to 

characterize the overall water quality within a watershed and then conelated with the 

predominant types of land use. 

Any significant urban runoff contribution to a natural stream, usually in the form 

of storm drain water mixing with the native water, can bias the composition of 

constituents towards a set more similar to that of local drinking water, and may also 

introduce foreign chemicals commonly associated with urban runoff such as fertilizers, 

surfactant cleansers and volatile organic compounds (Paul and Meyer, 2001). Increased 

urbanization within a watershed can result in elevated annual discharges and dry season 

runoff (White and Greer, 2006). Historically seasonal streams can become perennial as a 
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result of urban runoff contributions as the daily influx of imported water establishes an 

annual baseflow. I compared monthly precipitation to monthly stream discharge to 

identify those streams which receive high amounts of urban runoff and groundwater 

contributions. 

Principle Results 

Watersheds that were relatively uninfluenced by human interaction tended to 

exhibit lower stream discharges, seasonal stream flow, less algal growth and higher 

concentrations of dissolved constituents than other streams within the study area. The 

dissolved constituent load increased throughout the summer as evaporation rates 

increased until the stream became completely dry. 

Watersheds containing significant urban influence tended to exhibit high stream 

discharges, perennial stream flow, prevalent algae growth and low concentrations of 

dissolved constituents. The dissolved constituent load decreased throughout the summer 

in response to diminishing groundwater recharge and the relatively steady input of urban 

runoff. 

Some watersheds received a blend of urban runoff and native groundwater 

recharge, and exhibited a range of water quality characteristics. I postulate that some 

urban runoff infiltrated the ground and accumulated a higher dissolved constituent load 

before entering the stream. Thus, the stream would exhibit a steady flow regime 

throughout the summer, and also contain a high dissolved constituent load. This 

commonly occurred in the Santa Monica Mountains urban watersheds. 

A recommendation for each stream's potential for the emplacement of an aitificial 

recharge enhancement should not be made, based solely on the results of this water 
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quality study. All streams require additional sampling for constituents related to urban 

runoff and contamination. Additional sampling visits, during or immediately after rain 

events, should also be made to capture water quality and quantity data for stormwater 

runoff. 

Based on this study's results, I believe that all uninfluenced streams that have 

high dissolved constituent loads, low average discharge rates and seasonal flow regimes 

should not be considered for artificial recharge enhancement, unless flood events can be 

determined to discharge sufficient quantities of high quality water to justify the expense. 
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MATERIALS AND METHODS 

Site Selection 

Sampling sites were selected on the basis of three primary attributes: relative 

absence of human impact on water quality, highest likelihood of perennial flow and ease 

of access (Antos et al., 2005). A total of twenty (20) sites had been initially selected (and 

later modified) with input from the Research Advisory Committee, in compliance with 

guidelines established in the original Quality Assurance Project Proposal. The number of 

sites per major range (Santa Susana Mountains, Santa Monica Mountains and Simi Hills) 

was kept roughly proportional, to reduce the potential for bias in any patterns revealed by 

the water quality data. 

Local water quality influences. Sites were primarily selected for locations that 

would most likely have water quality representative of natural conditions, with little or no 

anthropogenic influence. Satellite and aerial imagery of areas upstream from a potential 

sampling site were examined for obvious potential sources of influence. This was then 

verified by field observations of the area surrounding each site, collected during initial 

site evaluations. 

Annual Flow. Sites usually occupied a stream position that had a topographically 

narrow profile, such that the canyon walls were relatively nearby and steep, thus 

maximizing the likelihood of water flowing year-round. Local residents were interviewed 

for their historical perspectives of each site's hydrology and used in site location. 

Access. Potential sampling sites that were located on Public land, such as those 

within established park boundaries and/or flood control easements, were favored over 

sites located on private property. Some locations were discarded because they required 
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the crossing of private land to access them. The GPS coordinates of each site were plotted 

on a property ownership GIS map layer to ensure that the locations were positioned 

correctly. In some locations, sampling sites were established if the property owner gave 

written pe1mission to visit their land. 

Several sites were discarded during the initial site reconnaissance due to long and 

difficult approaches. Sites that required more than 30 minutes of hiking from the vehicle 

to the site, the traverse of dangerous hillsides, the negotiation of dense poison oak 

thickets or the encroachment of recently occupied transient shelters were generally 

rejected for safety and logistical reasons. 

Suitability for enhanced recharge. Some sites site selections were influenced by 

the location's suitability for enhanced recharge. If a potential site was located on public 

land, possessed a relatively course-grained stream channel substrate and soils, the depth 

to bedrock seemed fairly high and the canyon geometry could be optimized with the 

installation of artificial recharge modifications it was favored over other local site 

options. 

Aerial Photo and GIS Assessment 

Detailed GIS layers showing aerial photographic imagery, as well as USGS 

topographical quadrangles, land-use, geologic and soils maps, were obtained from the 

CSUN Geography Department's Environmental Lab and assessed for any potential 

sources of impact to each stream. Aerial images from the online database "Google Earth" 

were examined to locate areas that required additional evaluation. The initial direction of 

field assessment efforts were guided by this information, especially regarding land use. 
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The area of the watershed above each sampling site was calculated as follows. 

Drainage divides were drawn along ridgelines on a topographic map to delineate each 

adjacent watershed. Each sampling site was located on the map, from which a line was 

drawn perpendicular to the contour lines until it intersected the previously sketched 

drainage divide. The area was calculated from the resulting polygon using ArcGIS. 

The average hydraulic gradient of the stream in each canyon was calculated using 

an elevation loss/gain tool included in the California topographic coverage released by 

National Geographic Topo! Software. Each stream was traced from its lowest elevation 

within the study area, along its path to the highest point on the map at which the stream 

occurred. This high point was field checked and/or confirmed using the appropriate GIS 

layers and "Google Earth" imagery to ensure the highest likelihood that it contained an 

ephemeral stream. The linear distance, in miles, and the change in elevation, in feet, of 

each tracing was calculated by the software. After converting the linear distance into feet, 

the elevation change was divided by the linear distance to produce an approximate 

hydraulic gradient (dh/dl) for the stream. 

Precipitation data 

Daily precipitation data from January through May 2006 were acquired from five 

raingages, all located in or near the study area and maintained by the Los Angeles 

Department of Public Works. I used precipitation data from the nearest raingage to a 

monitoring site when calculating the amount of precipitation received by a watershed 

(LADPW, 2006). These raingages are shown in Figure 2 on the map as "raingage x". This 

dataset overlapped the monthly sampling events during April and May 2006. 
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Daily precipitation data only overlapped flow measurements collected during 

April and May, and these were the only months for which calculations could be 

performed. For each watershed, I calculated the total monthly acre-feet of precipitation 

received above each monitoring site by multiplying the watershed area (acres) by the 

total precipitation (feet) recorded by the nearest raingage. This is a modified rational 

equation (Q=CIA): I eliminated the runoff coefficient (C) because this variable cannot be 

estimated with the available data. 

Qp =IA 

where 

Qp =precipitation (AF/month), I= monthly precipitation (feet I month), A= area (acres) 

I calculated the total monthly discharge (AF/month) at each monitoring site by 

averaging successive flow measurements, this number (cfs) represented the average flow 

rate during the time interval. I converted this flow rate from cubic feet per second to acre

feet per month. 

where 

Ostream =stream discharge (AF/month), qi= average stream discharge interval (AF/month) 

The hydrologic budget of each watershed was evaluated by comparing the 

monthly precipitation with monthly stream discharge. If Qp > Qstream, then the difference 

can be attributed to the infiltration and evapotranspiration of rainwater. This is the 

expected scenario for a watershed that is relatively uninfluenced by anthropogenic 

activities. If Qp < Qstream, then the difference can be attributed to the presence other 
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stream inputs such as urban runoff and groundwater resurgences. I compared the 

hydrologic budget and the types of land use to further characterize the primary water 

source of each watershed. 

Watershed Field Assessment 

Most streams in the study area were visually inspected and described during the 

preliminary sampling site selection phase, and later during the field assessments. Water 

input sources were identified, including: native groundwater resurgences, storm-drain 

pipes, spillways and culverts. Locations of groundwater recharge, where surface flow 

disappeared, were noted. Observations of physical watershed characteristics were 

collected, including: canyon topography, stream channel substrate, flood debris 

descriptions, illegal dumping sites, areas of recent wildfire and the presence of 

hydromodifications: dams, erosion control measures, retaining walls, concrete lining and 

other constructs. Land use observations were noted and compared with the GIS and aerial 

photograph assessment results. 

Field Assessment Methods. Most watershed field assessments proceeded 

upstream from the lowest accessible elevation within the study area. All data was 

recorded on standardized "Stream walk datasheets", which included separate columns to 

describe the presence of particular attributes: observed flow rate, evidence of impact, 

canyon width, slope of canyon walls, tree-cover and the dominant form of substrate. 

Waypoint locations were periodically recorded on a GPS and stations described 

noteworthy features, while intermediate features and changes in stream morphology were 

noted as each was encountered between waypoint stations. 
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Each field assessment ended when further progress was prohibited by private 

property or the encounter of unsafe hiking conditions, unless circumnavigation of these 

impediments was possible. When a stream became moist during the hike upstream, a 

waypoint was established noting the discovery of a groundwater resurgence and the hike 

continued. The field assessment ended if a significant distance had been traveled since a 

moist stream channel had been encountered. 

Water Quality Data Collection 

Water quality monitoring were collected on a monthly basis using two methods: 

in the field using electronic instruments, and sampled using pre-cleaned, certified 

contamination-free bottles provided and analyzed by American Analytics Laboratory, 

according to their QA Manual. Each sampling event consists of two back-to-back 

sampling days which, after the pre-calibration session, began at 7 :00 AM with the 

monitoring team's meeting at and departure from CSU -Northridge. Between six and ten 

sites were visited on each sampling day, which usually ended between noon and 2:00 PM 

after the team returned to CSUN for post-calibration, cleanup and equipment storage. 

Every sampling site was consistently visited within a one to two hour time-span of any 

other monthly visit. 

Each site visitation followed an order of operations that minimized the 

disturbance of substrate and the potential contamination of field measurements and water 

samples. Initial site descriptions, such as the time, weather, odors and other evidence of 

impact, GPS coordinates, photo-documentation and any changes in site characteristics 

since the previous visit were noted from the shore prior to data collection activities. Next, 

water quality samples were collected for lab analysis at a point downstream from the 
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arrival point. Moving upstream, water quality measurements were collected directly from 

the stream or indirectly from a sterile sample bottle designated for this purpose. Stream 

flow measurements, which sometimes required some stream modification, were never 

made until after the water quality measurements and samples were already collected. This 

order of field activities follows guidelines found in the SW AMP Field Methods Course, 

Module 2 (RWQCB, 2005). 

All sampling personnel wore clean, powder-free latex or nitrile protective gloves 

to prevent any skin contact with the stream water, and all other personal contact (i.e. 

wading) was avoided whenever possible. Other precautions were established after the 

potential occurrence of the New Zealand Mudsnail was brought to the team's attention. 

Lab Measurements. Water samples were collected for nearly every sample site 

during monthly visits, preserved on ice and delivered to American Analytics Laboratory 

for analysis by my team colleague Colleen Garcia. Lab data management duties were 

shared by Colleen Garcia and Anita Regmi, and included the tabulation of lab results, 

cation - anion balancing, verification of quality control and communication with both 

American Analytics and the Research Advisory Committee. Constituents with California 

Maximum Contaminant Levels are listed with analytical methods in Table 1. 
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Table 1: American Analytics Laboratory Analytical Methods (Antos et al., 2005). 

Analyte Analytical Method I SOP CAMCL 
alkalinity (total) SM2320B 

aluminum EPA200.7 0.2 mg/I 

arsenic SM3113B 0.05 mg/I 

bicarbonate SM2320B 

calcium EPA200.7 

carbonate SM2320B 

chloride EPA300.0 250 mQ/I 

fluoride EPA300.0 2.0 mQ/I 

hydroxide SM2320B 

iron EPA200.7 0.3 mQ/I 

magnesium SM 3120B 

manganese EPA200.7 0.05 mg/I 

nitrate EPA300.0 45.0 mg/I 

pH EPA 150.1 6.5<x<8.5 

potassium SM3111B 

sodium SM3111B 
specific 

conductance SM2510B 900uS/cm 

sulfate EPA300.0 250 mg/I 
total dissolved 

solids EPA2540C 500 mg/I 

total hardness SM2340C 

Sampling Protocol. Hand samples were collected from pools sufficiently deep 

enough to submerge sterile, one liter sampling bottles, provided by American Analytics. 

Water samples were only collected from streams that were actively flowing, and never 

collected from isolated, standing pools. Samples were nearly always collected midstream, 

avoiding the edgewater, preferably from the thalweg of a shallow pool rather than either 

deep pools or riffle segments. Stream sections containing excessive amounts of foam, 

algal growth, stagnating pools and other factors that could affect water sample quality 

were avoided. 

When possible, each sampling bottle was fully submerged and filled with stream 

water and emptied three (3) times before it was evacuated of any air bubbles and capped 
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for lab delivery. Special care was taken to minimize the capture of surface water, which 

could have floating material that would contaminate the sample. 

Other sample collection methods were used for those locations that lacked 

sufficient depth to allow full submersion of the sampling bottle. If a cascade of water was 

present at the shallow site, the lip of the bottle was positioned near the top of the trickle 

and the bottle was filled. Special care was taken to prevent contact between the bottle's 

lip and the foundation of the cascade to avoid contamination. If no cascade was present, a 

second sterile sampling bottle was submerged in the deepest accessible pool to a depth 

that did not disturb the sediment substrate. This water was poured into the primary bottle, 

and this process was repeated until the bottle was completely filled. 

Maintaining consistent sample collection methods between each successive 

sampling trip minimized the introduction of artificial variables. This was easily 

accomplished for those streams that had a relatively high, continuous flow. Some streams 

with diminishing flow rates as the season progressed requiring changes in sampling 

method between visits. 

Typically two or three sample bottles were required for each sample site per visit, 

depending on the number and type of sampled constituents. Field duplicates were 

periodically collected, assigned anonymous ID numbers and submitted to American 

Analytics for analysis and comparison to demonstrate the precision of the analytical 

processes. 

Handling and Delivery Protocol. American Analytics provided labels wherein the 

Site ID, date and the time of collection were recorded and attached to the full sampling 

bottle. Each bottle was stored in an ice-filled cooler at ~4°C until it was delivered to 

30 



American Analytics for analysis. Several of the constituents had a 48 hour maximum 

holding time between sample collection and lab analysis, so samples were delivered to 

American Analytics immediately after the final site visitation on every sampling day that 

the laboratory was receiving samples. If American Analytics was closed due to a holiday, 

the samples were kept on ice for a maximum of 40 hours before being delivered to the 

laboratory at the first opportunity. 

Chain of Custody (COC) forms were also provided by American Analytics for 

every sampling bottle. These were filled out by the field sampling personnel, completed 

by the laboratory staff person receiving the bottle and a duplicate copy of the COC was 

provided to the monitoring team for our records. A signed copy of the COC was then sent 

via fax from the laboratory to MRT to be retained in the project file. 

Sources of Error. Improper observance of sampling and handling protocols during 

sample collection could introduce foreign material to the sample, such as dirt, skin oils, 

DI water, streambed substrate, substances floating on the stream's surface and other 

potential contaminants (RWQCB, 2005). Inconsistent sampling methodology between 

successive sampling site visits could also introduce error, as would improper observance 

within American Analytics of its own handling and analysis protocols. 

Field Measurements. All field measurements and related Quality Control 

practices were in accordance with the protocols described by the Surface Water Ambient 

Monitoring Program (SW AMP) Field Methods Course. Every instrument used to 

measure water quality parameters satisfied the SW AMP minimum Measurement Quality 

Objective (MQO) requirements for precision and accuracy (RWQCB, 2005). and the 
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variety of measured parameters complied with the SW AMP target list described by the 

Clean Water Team (CWT) within their training materials (SWRCB, 2005). 

Measurement Protocol. Field measurement Standard Operating Procedures 

(SOP's) were based on the instructions given within the manufacturer's User's Manual. 

All data was recorded on Field Measurement Data Sheets, provided by SW AMP. All 

Quality Assurance SOP' s followed suggestions provided in the SW AMP Field Methods 

Course, and were in accordance with the guidelines described in each instrument's User's 

Manual (RWQCB, 2005). 

During sampling events that occurred prior to the realization of the New Zealand 

Mud Snail (May 23rd, 2006), probe measurements were conducted within the streams of 

of sufficient depth (>0.4 ft) to not allow the probe to contact the stream substrate. New 

protocols were adopted in response to the NZMS in June 2006 which required filling an 

empty sampling bottle with stream water, into which the probes could be inserted. This 

prevented the direct contact of any probe with a stream. 

Water quality field measurements included: Air Temperature, Water Temperature, 

Dissolved Oxygen, Conductivity, Salinity I TDS, pH, Turbidity and Flow Rate. Probes 

were always submerged and shaken to dislodge bubbles, and allowed a sufficient amount 

of time to stabilize prior to each measurement. According to SW AMP protocol, each 

measurement was conducted three (3) times and the results were averaged together to 

yield the fmal measurement (RWQCB, 2005). Every probe was rinsed with de-ionized 

water immediately after use, and stored between sites in a manner compliant with the 

manufacturer's User's Manual. Special care ensured that instruments requiring probe 

submersion did not contact or disturb the stream substrate, or the sides and bottom of the 
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sampling bottle, depending on which method was used. Whenever a sampling bottle was 

used to take probe measurements, a sterile bottle was filled and emptied two (2) times 

before the third refill was finally analyzed. 

Instruments. A variety of different instruments owned by the CSU - Northridge 

Department of Geosciences were used in this study. Each instrument was cleaned and 

restored to working condition before being used to conduct field measurements. 

Instruments that were either inappropriate for the task or proved malfunctional were 

removed from the study, restored to working order by routine maintenance or repaired by 

the manufacturer. Appendix B. summarizes the field measurement instrument attributes. 

The position of each sampling site was recorded as a set of latitudinal I 

longitudinal coordinates (in NAD-83 datum), elevation and relative error during every 

sampling event using a Garmin Rino 130 handheld GPS. The GPS position was the first 

attribute to be recorded at each site for two reasons: to minimize the potential loss of 

satellite accuracy resulting from tree coverage or other interference, and to provide the 

Dissolved Oxygen meter with an elevation reading for calibration. 

This device had the Wide Area Augmentation System (WAAS) feature enabled 

on the recommendation of SW AMP protocols, and effectively increases position 

accuracy up to 5 times that of conventional GPS positioning (Garmin, 2006). The Rino 

130 also uses a barometric altimeter which determines a more accurate elevation reading 

than one triangulated from GPS satellite positions. Although WGS-84 is the preferred 

datum according to SWAMP guidelines, the CSUN Geography Lab's GIS map database 

used NAD-83 so this datum was used to minimize any introduction of error. 
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The ambient air temperature in Celsius (C) at each sampling site was obtained 

from an Extech Instruments compact digital Hygro-Thermometer Pen. The instrument 

was removed from its storage case, placed near the stream such that the probe end 

avoided any physical contact or direct sunlight, and given a few minutes to equilibrate 

before a reading was obtained. 

The stream water temperature in Celsius (C) at each san1pling site was obtained 

from a YSI-85 meter, because this probe was also used to measure dissolved oxygen 

content (which is dependent upon water temperature). 

The dissolved oxygen (DO) content of the stream water at each sampling site was 

obtained from a YSI-85 meter. Two measurements were recorded: equivalent units 

(mg/L), as well as percent saturation(%), in accordance with SW AMP protocol. The DO 

probe was swirled constantly at a rate of ~1 foot per second (ft/s), as outlined in the 

User's Manual (YSI, 1998). 

The conductivity and salinity (and TDS) of the stream water at each sampling site 

was obtained from a Hanna HI 991300 multi-meter. The Hanna instrument was adopted 

because it was smaller and lighter, of more recent manufacture and measured pH in 

addition to conductivity and salinity I TDS (Hanna Instruments, 2005). Conductivity was 

measured in micro-Siemens per centimeter (µSiem), and Salinity was measured in parts 

per million (ppm or mg/I), and later converted to parts per thousand (ppt) in compliance 

with SW AMP requirements (RWQCB, 2005). 

The pH of the stream water was obtained from a Hanna HI 991300 multi-meter. 

The Hanna instrument was adopted because it was smaller and lighter, was of more 

recent manufacture and measured conductivity and salinity in addition to pH. 
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The turbidity in NTU of the stream water at each sampling site was obtained from 

a Hach 21 OOP nephelometric turbidity meter, beginning with the sampling event of 

04123-2412006. The turbidity meter had malfunctioned during the previous sampling 

event, had been serviced by Hach and had performed flawlessly ever since. 

The flow rate (discharge) was always the final measurement collected at each 

sampling site. The stream flow velocity was obtained in miles per hour (mph) from a 

Global Water FP-201 meter at every stream location with a flow rate sufficient to rotate 

the propeller. The lowest velocity that the instrument was capable of measuring was 

~0.15 mph, and it required a ~0.25 ft minimum stream channel depth to fully submerge 

the propeller. These limitations were accommodated by the judicious use of a small 

shovel to modify stream channels into straight, narrow, uniformly graded slots. 

Nearly every sampling site required the construction of a stream cross-section 

using a tape measure (graduated by tenths of a foot), to determine the cross-sectional 

area, used to calculate the final flow rate. Stream cross-sections were often simplified by 

the shovel-modification method as described above. The width of the stream was 

measured across the section where the velocity measurement(s) were to be recorded. 

Next, nodes were selected and measured from the stream bank at different points on the 

transect: the minimum number of nodes was two, one at either streambank, and 

additional midstream nodes were selected to record changes in the stream depth and 

stream velocity. The stream's depth was then measured with either a tape measure, or 

with the 0.2 foot-interval, graduated column on the flow meter. Each adjacent pair of 

nodes was used to create a facet: a cross-sectional area based on the distance between the 

nodes, and the depth to stream bottom at each node. 
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Three stream flow velocity measurements were taken in the center of each facet at 

one-third of the stream depth in accordance with SWAMP guidelines (RWQCB, 2005). 

averaged together, and converted from miles per hour (mph) into feet per second (ft/s). 

This value was multiplied by the facet's cross-sectional area to calculate the rate in cubic 

feet per second ( cfs, or ft3 /s ). All facets were summed to give the total discharge. 

Alternative flow measurement methods were adopted for occasions when the flow 

probe was rendered useless. When the stream's discharge was too low to measure with 

the flow probe, the time during which a leaf floated along a measured distance could be 

recorded. This simple velocity was multiplied by the summed facet areas to produce a 

discharge rate. Another method, which yielded volume per time (L/s) without the 

construction of a cross-section was to measure the time required to fill a one (I) liter (L) 

sampling bottle where the stream flowed over a spillway. 

These flow rate methods were adapted from SW AMP protocols, which primarily 

addressed the most effective methods for streams with discharges greater than 5 cubic 

feet per second (cfs). No "channel roughness" variable, such as is used in the Manning 

Equation (Fetter, 1994). is recommended in the SWAMP protocol. When a stream's flow 

rate falls below 1 cfs, it is categorized by SW AMP as a "trickle" and "accurate 

measurement is considered nearly impossible" (RWQCB, 2005). Given the extremely 

low flow rates that characterize almost all of the sample sites, and the absence of 

subjective variables in the equation, the truest flow rate for most streams might best be 

characterized as "extremely low" to "low" rather than as a quantified sum. 

Calibration and Maintenance protocols. Each sampling event was preceded by a pre

calibration session, which usually occmTed on the morning of the first sampling day. The 
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instruments measuring pH, conductivity, salinity and turbidity were each calibrated using 

the instructions from the manufacturers' User's Manuals. The measurements were 

recorded on a calibration log that included: the date/time, instrument ID, reading before 

calibration, reading after calibration, temperature and actual value of the calibration 

standard, calibration solution ID and also the performance of any routine maintenance 

performed on the instrument (Antos et al., 2005). The dissolved oxygen meter was also 

activated at this time, so that it could warm up before the first monitoring site was visited. 

The dissolved oxygen meter required calibration at every site, to correct for 

changes in altitude and temperature between sites (Antos et al., 2005). Other instruments 

were calibrated in the field if they were suspected of anomalous readings. 

SW AMP compliance required that calibration adjustments be captured within 24 

hours of the end of a monitoring trip (RWQCB, 2005). Each instrument was calibrated at 

the end of every sampling day, immediately after the monitoring team returned to CSUN. 

Each post-calibration instrument reading was compared to the calibration standard's 

actual value to verify that the relative error was within the acceptable limits, as required 

by SW AMP protocol. The post-calibration results from the first date of a sampling event 

were used as the pre-calibration results for the second date of the event. 

Routine maintenance and equipment testing occurred during each pre-calibration 

session, and additionally as-needed. General maintenance included replacing batteries, 

rinsing and cleaning instrument casings, cables and probes, buffing the metal anodes and 

cathodes of probes, and replacing the membrane of the Dissolved Oxygen meter. 

Sources of Error. Improper observance of field measurement protocols during the 

collection of measurements could introduce foreign material to the sample, such as dirt, 
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skin oils, DI water, streambed substrate, substances floating on the stream's surface and 

other potential contaminants. Improper storage, transport, calibration, maintenance or 

cleaning techniques performed on an instrument could degrade accuracy and/or precision. 

Inconsistent measurement methodology between successive sampling site visits could 

also introduce error. In a few cases, more than one instrument was used to collect a single 

water quality attribute over the course of the entire sampling period; this could also 

adversely affect the resulting data. 

NZ Mudsnail Mitigation Protocol 

To control the potential migration of the invasive New Zealand Mudsnail 

(NZMS) between sample sites, I adopted a protocol based on the recommendations of the 

California Department of Fish and Game (Hosea and Finlayson, 2005). Several alternate 

decontamination and mitigation methods were evaluated on the basis of success rate and 

cost-effectiveness before this protocol adopted. This protocol covers procedures for 

minimizing initial contact with the NZMS during sampling, as well as the elimination of 

any snails adhering to boots and other gear. 

Materials: 
Field methods protocol sheet 
Formula 409 Cleaner Degreaser Disinfectant 
2 x Scrub brushes 
2 x 5 gallon buckets with locking lids 
Several towels 
Several clean liter sampling bottles (one for each site) 
Rubber boots (knee-height) 
Latex or Vinyl gloves 
Rocks or other small, heavy objects 

Contact Minimization. All personal contact with streamwater that is potentially 

infested with the NZMS were minimized. Most sites did not require personnel to walk or 

wade within the stream; however, at those sites where contact was unavoidable no more 
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than one person would ever step in the stream. A pair of dedicated rubber wading boots 

was used for each stream, which lacked laces and other features for the snail to adhere to 

(Hosea and Finlayson, 2005). Each pair of boots would only come into contact with a 

single stream during any sampling event. 

Footwear Decontamination. The Decontamination bucket was a 5 gallon bucket 

with a locking lid, filled with Formula 409 solution: 1 part cleaner to 1 part water. The 

solution was re-used several times before it needed replacement. The solution was always 

disposed into a drain leading to a waste water treatment plant (Hosea and Finlayson, 

2005). 

1. Submerge boots in the decontamination bucket, using rocks or similar weights 
to keep the boots submerged. 

2. Allow the boots to remain in the solution for at least 5 minutes (during travel 
between sampling sites). 

3. Scrub down the boots using a scrub brush. 
4. Remove the boots from the decontamination bucket and rinse them off in the 

rinse bucket. 
5. Visually inspect the boots for any snails. 

Sampling Procedures. A fresh pair of protective gloves was used at each 

sampling site for the collection of lab samples, and all other applicable procedures were 

followed. 

1. Collect a water sample using a clean, 1 liter sample bottle. 
2. Make all water quality measurements with the probes using this water sample. 
3. Dump the water sample at the site and place the bottle in a box labeled "used'', 

for washing/drying back at CSUN. 
4. Rinse each probe with DI water between sites. 
5. Do not allow the direct contact of a potentially contaminated probe with any 

open body of water. 
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The Flow Probe was submerged in the decontamination bucket at the beginning of 

measurements at each site for at least 5 minutes to eliminate any snails from the previous 

site, followed by a visual inspection to confirm the absence of any snails adhering to the 

probe. The probe was swirled in the rinse bucket before collecting velocity measurements 

at the present site (Hosea and Finlayson, 2005). 

Data Collection schedule 

Field measurement and sampling data collection for this thesis began on a 

monthly basis in late March 2006 and concluded in late September 2006. Some 

supplemental field measurement trips were conducted during March, April and June of 

2006 to augment the late-wet season and early-dry season data sets. Field assessments of 

each watershed began in July, and were concluded in October 2006. The compilation of 

relevant literature, scientific publications and government documents began in December 

2005 and was concluded in November 2006. 
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RESULTS AND DISCUSSION 

Summary 

Individual stream descriptions, including water quality data, land use assessments 

and interpretations, are subdivided by stream location into the three major physiographic 

ranges: the Santa Susana Mountains (Figure 4), the Simi Hills (Figure 5) and the Santa 

Monica Mountains (Figure 6). Major attributes are summarized below in Table 2. 

Appendix C contains Stiff diagrams, graphically illustrating each site's water chemistry 

for each sampling event; Appendix D contains Field Measurement data and Appendix F 

contains location maps and GPS coordinates for each monitoring location. 

Table 2: Stream Attribute Summary. 

Watershed 
Average 

Monitoring Primary Flow Water Range Watershed Stream 
Area (acres) 

Gradient 
Statton Influence pattern type 

74 SS1 Uninfluenced seasonal Ca-S04 
Bee Canyon 0.076 

86 SS18 Uninfluenced seasonal Ca-S04 

Aliso Canyon 77 0.038 SS2 Uninfluenced seasonal Ca-S04 

Limekiln 83 SS3 Urban perennial Ca-S04 

Canyon 
0.054 

Santa 
186 SS4 Urban perennial Ca-S04 

Susana 225 SS7 Uninfluenced perennial Ca-S04 
Mountains 

Brown's 28 SSS Uninfluenced perennial Ca-S04 

Canyon 
0.069 

199 SS15 Uninfluenced perennial Ca-S04 

36 SS17 Urban perennial Ca-C03 

482 SS13 Uninfluenced seasonal Ca-S04 
Devil's Canyon 0.037 

482 SS20 Uninfluenced seasonal Ca-S04 

Santa Susana 
56 0.063 SH6 Urban perennial Ca-S04 Wash 

Chatsworth 
Park (un-

24 0.062 SH8 Urban perennial Mg-C03 
named 

Simi Hills tributary) 

46 SH2 Urban perennial Ca-C03 
Box Canyon 0.079 

76 SH7 Mixed seasonal Na-C03 

Bell Canyon 331 0.029 SH10 Mixed(?) seasonal Mg-S04 

Santa McCoy 
140 0.028 SM1 Urban perennial Ca-S04 

Monica Canyon 
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Watershed 
Average 

Monitoring Primary Flow Water 
Range Watershed Stream 

Area (acres) 
Gradient Station Influence pattern type 

Mountains 78 SM2 Urban perennial Ca-S04 
Dry Canyon 0.040 

84 SM3 Urban perennial Ca-S04 

Topanga 
33 0.097 SM7 Urban perennial Ca-S04 Canyon 

Caballero 56 SM4 Uninfluenced seasonal Ca-S04 

Creek 
0.076 

56 SM8 Urban perennial Ca-S04 

The first monitoring event (March 31 and April 1, 2006) was preceded by a 

precipitation event, which was reflected in the water quality data: the additional meteoric 

water runoff increased stream discharges, while dissolved constituent concentrations 

decreased at every location; this is consistent with the results and interpretation of 

"flushing events" in Ahearn et al., 2004. 

Conductivity values correlated with ionic concentrations determined by lab 

results, and were used to charncterize the relative saturation of dissolved constituents at 

each monitoring site. Uninfluenced streams generally contained high concentrations of 

dissolved constituents, and several of these concentrations increased with time over the 

summer. This was probably due to drying stream conditions; as flow decreased and 

evaporation rates increased with higher temperatures, dissolved constituents became 

more concentrated (Ahearn et al., 2004). Uninfluenced streams tended to have seasonal 

flow, and dried completely by late summer. 

Based on the high stream discharge to precipitation ratios in several uninfluenced 

watersheds (Bee Canyon, Aliso Canyon and others), one significant source of stream 

recharge was groundwater resurgences (Table 3). This water may have originated from a 

brackish aquifer at great depth, given the high concentrations of sodium, sulfate and 

chloride (Pyne, 2005). This was probably a less significant source for urban-influenced 

streams. 
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The character of many urban-influenced streams tended to resemble that of the 

local drinking water. Conductivity values were generally low, as were dissolved 

constituent concentrations. Algal growth and noxious odors were more prevalent in urban 

streams. Stream discharge typically decreased during the early summer, and assumed a 

stable flow for the remainder of the season. During May 2006, stream discharges in 

urban-influenced watersheds greatly exceeded the estimated volume of precipitation 

(Table 3). Every urban-influenced stream in the study area was perennial. 

Table 3: Monthly stream discharge and precipitation, in acre-feet. 

Canyon Site 
April May 

Flow Precipitation Flow Precipitation 
Bee SS1 69.82 24.47 12.69 5.31 
Aliso SS2 74.08 21.93 38.08 4.76 

Limekiln 
SS3 74.68 23.63 44.43 5.13 
SS4 329.75 53.12 384.00 11.53 

SS15 22.08 33.93 25.39 12.08 

Brown's 
SSS # 4.85 1.90 1.73 

SS? 134.88 38.47 101.55 13.70 

SS17 10.24 6.23 9.52 2.22 
Devil's SS13 116.61 82.34 47.60 29.33 

Santa Susana Wash SH6 # 9.53 3.49 3.39 

Box SH2 77.43 9.24 2.54 3.41 
SH? 87.59 15.27 14.60 5.64 

McCoy SM1 449.06 45.12 147.57 3.39 

Dry SM2 95.21 25.01 31.74 1.88 
SM3 34.59 27.08 15.87 2.03 

Caballero SM4 16.50 16.83 3.81 3.89 

Watershed Descriptions 

Santa Susana Mountains. All streams flow in a north to south direction. Several 

watersheds were relatively uninfluenced by human interaction, and the primary land use 

in other watersheds was residential housing. Equine recreation was another prominent 
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land use. The general water quality trends aforementioned in the "Principle Results" 

section hold especially true for the Santa Susana Mountain watersheds, since these 

canyons tended to be either uninfluenced or highly urban-influenced. 

A few monitoring sites in Brown's Canyon, SS-15 and SS-7, may have received a 

significant amount of urban runoff that mixed with the native groundwater recharge in 

the stream. The water chemistry at these two sites was more similar to native 

groundwater recharge (the primary source at SS-1, SS-2, SS-8 and other sites) than to 

urban runoff (SS-3, SS-4 and SS-17). I believe that the urban runoff at SS-15 and SS-7 

had accumulated a dissolved constituent load as it infiltrated the local soils and 

sedimentary rock before entering the stream. 

Streams are listed in the order of visitation during each sampling event, which 

began with Bee Canyon at the eastern end of the Santa Susana Mountains, proceeding 

west and ended with Devil's Canyon, near the intersection of Highway 27 and the 118 

Freeway (Figure 4). 
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Bee Canyon: Bee Canyon was accessible by a trail in O'Melveny Park, located on 

Sesnon Boulevard. The upper canyon was narrow, with steep rock walls spaced less than 

100 feet apart. The canyon walls diverged and the valley widened where the stream 

entered the park; irrigation water for the lawns and trees was observed to flow into the 

stream. Here, the stream flowed along a 10 foot wide and 10 foot deep tree-bordered 

channel for several hundred feet before it entered a concrete-lined channel and left the 

park. The streambed substrate consisted of cobbles, gravel and sand, with some organic 

detritus found in pools. 

Canyon rock outcrops consisted of fine-grained sandstones and mudstones of the 

Towsley and Modelo formations (Yerkes and Campbell, 2005). Numerous recent 

landslides were observed within these formations. An anticline runs east to west 

(perpendicular to the canyon) at the narrowest point within the canyon; the north limb of 

this anticline forms the very steep slope of the north canyon wall. Secondary folding and 

fractures were observed throughout the rock of the exposed walls. 

The upper canyon appeared to remain relatively free of human disturbance, 

although several old metal pipes of indeterminate origin and purpose were found. 

Contributions of irrigation water were observed in O'Melveny Park, and could have 

influenced stream hydrology in the lower canyon. 

Two sample sites were established: SS-1, located inside O'Melveny Park, and SS-

18, located within the upper canyon. The highest discharge rate, measured on 3/31/2006 

within 24 hours of a rain event, was 1.9 cubic feet per second (cfs). This decreased during 

each subsequent measuring event until the stream was observed as dry on 6/20/2006. 
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Figure 5: Bee Canyon Stream Discharge. 
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Conductivity was always above 2200 microSiemens per centimeter (µSiem), and 

these values increased with each subsequent measuring event until the stream became 

dry. Dissolved oxygen decreased with each subsequent measuring event until the stream 

became dry. The following constituents exceeded California' s MCL: sulfate, 

conductivity, TDS, iron and fluorine (DHS, 2003). The stream water is characterized as 

Calcium or Sodium - Sulfate. 

I believe that Bee Canyon is relatively uninfluenced by anthropogenic activity. 

Monthly stream discharge was about 3 times the monthly precipitation in May, which 

suggests that groundwater resurgences were the primary contributors to surface water. 

The presence of relatively high dissolved solid concentrations, especially sulfate, as well 

as the ephemeral flow conditions common to most uninfluenced streams in the study 

area, support my conclusion. No springs were identified during the field visits, which 

occurred during the dry season. 
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Aliso Canyon: Aliso Canyon was easily accessed, and contained a path following 

the stream from Rinaldi Boulevard until Sesnon Boulevard. The walls of this V-shaped 

canyon were usually more than 100 feet apart, and rose sharply from the valley floor. The 

stream followed a ten foot wide, 5 foot deep channel, which was incised by a 2-foot wide 

and 2-foot deep waterway which held the stream. The dominant substrate was sand and 

gravel. 

Rock outcrops consisted of highly weathered, fine-grained sandstones, siltstones 

and mudstones of the Modelo, Towsley and Saugus formations (Yerkes and Campbell, 

2005). Numerous recent landslides were observed within these fmmations. The Santa 

Susana Fault runs east-west, parallel and in close proximity to Sesnon Blvd. 

The upper canyon could not be accessed without trespassing on the property of 

the Southern California Gas Company, which was operating a natural gas storage facility 

in the former oil-producing fields located in the upper Aliso and Limekiln Canyons. A 

small housing development occupied a hill immediately northwest of SS-2, and may 

contribute some urban runoff to this stream. 

The lower canyon, located between Sesnon Blvd and Rinaldi Blvd, received 

significant quantities of urban runoff from numerous concrete stormwater spillways and 

irrigated, hillside erosion-control plots. In August, these formed isolated pools 

immediately downstream from each input. 

One sampling site (SS-2) was established between the upper and lower canyons, 

at the base of the path leading down from Sesnon Blvd. It is unlikely that significant 

urban contributions were received at this site. Conductivity always exceeded 2500 

µSiem. The following constituents exceeded California's MCL: sulfate, chlorine, 
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conductivity, TDS, iron, manganese and fluorine (DHS, 2003). The stream water is 

characterized as Calcium or Sodium - Sulfate. 

Stream discharge decreased steadily until SS-2 was dry on July 26 (Figure 6), as a 

direct result of local construction. A construction crew had depressed the local water 

table the previous week to enable the re-stabilization of a nearby gas pipe. The stream 

never recovered its steady flow, and consisted of isolated, stagnant pools for the 

remainder of the study. 

Figure 6: Aliso Canyon Stream Discharge. 
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I believe that Aliso Canyon at SS-2 was relatively uninfluenced by anthropogenic 

activity, although it probably received urban runoff during rain events. The lower canyon 

received a steady urban contribution during the study, but this water was not analyzed. 

Monthly stream discharge was about 3 times the monthly precipitation, which suggests 

that groundwater resurgences were the primary contributors to surface water. The 

presence of relatively high dissolved solid concentrations, especially sulfate, as well as 
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the seasonal flow conditions common to most uninfluenced streams in the study area, 

support my conclusion. 

Limekiln Canyon: Limekiln Canyon was easily accessed along its lower length by 

a trail running parallel to the stream, but above Sesnon Blvd the stream flowed through 

Southern California Gas Company property and could not be entered. The steep canyon 

walls were 50 to 100 feet apart, and consisted of rock outcrops and vegetated slopes. The 

stream followed a ten to twenty foot wide channel, and varied from 2 feet to 12 feet in 

wetted diameter. The dominant substrate was sand and gravel, with numerous cobbles. 

The rock outcrops consisted of highly weathered, fine-grained sandstones, 

siltstones and mudstones of the Modelo, Towsley and Saugus Formations (Yerkes and 

Campbell, 2005). Numerous recent landslides were observed within these formations. 

The Santa Susana Fault runs east-west, parallel and in close proximity to Sesnon Blvd. 

The upper canyon received some urban water contribution, notably street runoff 

from Tampa Dr and Sesnon Blvd. The lower canyon, below Sesnon Blvd, was 

surrounded by urban development and received some runoff from storm-drain pipes and 

irrigated, hillside erosion-control plots. 

Two sampling sites were established: SS-3, located below Sesnon Blvd and SS-4, 

located about 114 mile south of the Hollow Springs Dr bridge. Stream discharge at SS-3 

diminished significantly over the su1nmer, but the discharge at SS-4 was less significantly 

reduced and even had two increases in discharge (Figure 7). The first increase was 

recorded on 4/28/2006 at both SS3 and SS-4. The previous rain event (~0.25 inches) 

occmTed on 4114/2006, and this small amount of precipitation probably did not cause the 
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discharge increase. The second discharge increase occurred between 8/16 and 9/23 at SS-

4, most likely due to urban runoff since discharge decreased at SS-3 at this time. 

Figure 7: Limekiln Canyon Stream Discharge. 
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Monthly stream discharge greatly exceeded the estimated monthly precipitation in 

Limekiln Canyon at both monitoring sites in April and May (Figure 8). At SS-3, the 

decrease in stream discharge from April to May was much less than the decrease in 

precipitation. SS-4 showed an increased stream discharge from April to May, while 

precipitation decreased. 
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Figure 8: Limekiln Canyon Monthly Discharge and Precipitation. 
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Conductivity concentrations decreased at both sites during the summer (Figure 9). 

Nitrate concentrations were much higher at SS-4 than at SS-3 , but did not exceed the 

California MCL (Figure 10). The following constituents exceeded California's MCL: 

sulfate, conductivity, TDS and iron (DHS, 2003). The stream water is characterized as 

Calcium - Sulfate. 

Figure 9: Limekiln Canyon Conductivity. 
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Figure 10: Limekiln Canyon Nitrate Concentrations. 
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The water quality in Limekiln Canyon differed from adjacent watersheds. Lower 

conductivity and sulfate concentrations, abundant algae growth, higher nitrate 

concentrations and pronounced disparities between monthly stream discharges and 

precipitation suggest that Limekiln Canyon received higher contributions of urban runoff 

than neighboring watersheds. The decrease in conductivity and sulfate over the dry 

season, signifying diminishing groundwater inputs and relatively steady urban inputs, 

was not observed in the neighboring uninfluenced canyons. SS-4 received more urban 

runoff than SS-3, as indicated by the relatively steady discharge pattern and higher nitrate 

concentrations (Figure 10). 

Brown 's Canyon: Access to much of Brown's Canyon was restricted by private 

property, but several suitable monitoring sites were established along the stream where it 

ran parallel to Brown's Canyon Rd. Several major tributaries flowed into Brown's 

Canyon, which had the largest watershed surface area in the Santa Susana study area. The 

upper canyon tributaries had steep canyon walls and rock exposures were common. The 
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stream typically followed a ten foot wide, ten foot deep channel, and had an average 

wetted diameter of less than two feet. 

The rock outcrops consisted of highly weathered, fine-grained sandstones, 

siltstones and mudstones of the Topanga, Modelo, Towsley and Saugus Formations 

(Yerkes and Campbell, 2005). Numerous recent landslides were observed within these 

fo1mations. The Santa Susana Fault runs east-west across the upper canyon: intensely 

folding the local strata, creating near-vertical slopes and exposing the Topanga Fmmation 

near the crest of the mountains. Some small springs were discovered in Brown's canyon, 

these discharged less than 0.01 cfs and were not evaluated for water quality. 

Land use within Brown's Canyon included: recreation, horse ranching, cattle 

grazing, a police training facility and a scattering of older homes in the upper canyon, and 

tract housing development in the lower canyon. Much of the upper canyon and some 

tributaries appeared to be relatively uninfluenced by human activity. Several sections of 

flowing stream were used as horse trails, and several horse pastures were immediately 

adjacent to the stream. Illegal dumping was very common along the roadside, and on 

several occasions bags of household garbage were discovered near a flowing stream. 

Four sampling sites were established in Brown's Canyon: SS-15, located in the 

upper canyon; SS-7, located on the main stream immediately below a large concentration 

of horse ranches; SS-8, located on an uninfluenced tributary very near SS-7; and SS-17, 

located on a lower canyon tributary downstream from a housing development. 

Stream discharges diminished over the dry season at every site except at SS-17 

(Figure 11 ). SS-17 maintained a relatively stable flow rate, but flow decreased sharply on 

712612006. Conductivity was highest at SS-8 and lowest at SS-17 (Figure 12). Sulfate 
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concentrations were consistently lowest at SS-17 (Figure 13). Nitrate concentrations 

were highest in SS-17 (Figure 14). The following constituents exceeded California's 

MCL: sulfate, chloride, conductivity, TDS, manganese and iron (DHS, 2003). 

Figure 11: Brown's Canyon Stream Discharge. 
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Figure 12: Brown's Canyon Conductivity. 
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Figure 13: Brown's Canyon Sulfate. 
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Figure 14: Brown's Canyon Nitrate. 
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Different types of land use within Brown's Canyon influence the stream' s water 

quality. Measurements collected at SS-7, SS-8 and SS-15 most nearly reflect native 

stream conditions, with high conductivity and sulfate concentrations. SS-7 and SS-15 

received some ranch and minor urban runoff, lowering the dissolved constituent 

concentrations to below that of SS-8. Water at these sites was characterized as Calcium-
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Sulfate. SS-17 received significant amounts of urban runoff, which is evident from the 

steady discharge rate, low sulfate and conductivity and high nitrate concentrations. The 

water chemistry at SS-17 was of Calcium - Bicarbonate nature. The high bicarbonate 

constituent probably originated from urban runoff. 

Devil's Canyon: Access to the upper tributaries of Devil's Canyon was limited by 

private property boundaries, a relative absence of local roads and lengthy hiking. These 

tributaries were field-evaluated for land use and potential sources of impact, but no 

monitoring sites were established in the upper canyon. The canyon walls were steep and 

20 to 40 feet apart throughout most of the canyon. Some slopes had been recently burned, 

and the oak riparian corridor following the stream was burned in some areas. The stream 

was generally 5-10 feet wide and less than 0.5 feet deep during flow periods. The 

streambed substrate consisted of cobbles, gravel and sand. 

The rock outcrops consisted of fine to course-grained sandstones, mudstones and 

conglomerates of the Towsley, Modelo, Saugus, Simi Conglomerate and Chatsworth 

formations (Yerkes and Campbell, 2005). The stream roughly parallelled the strike of 

local rock strata, which was folded into a series of anticlines. Numerous recent landslides 

were observed within these formations. No springs could be identified. 

Much of the upper canyon and some tributaries appeared to be uninfluenced by 

human activity. Land use within Devil's Canyon included horse traffic along the upper 

canyon stream channel, and tract housing development in the lower canyon. Horse feces 

within the stream were routinely observed. Some flood control emplacements and pipes 

of unknown purpose were located in the lower canyon. 
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Two monitoring sites were established near the bridge at Falcon's pass. SS-13 , 

located 200 feet downstream of the bridge, was monitored for 3 months before it became 

dry (Figure 15). It was replaced in June 2006 by SS-20, located 10 feet upstream of the 

bridge. SS-20 became dry shortly prior to sampling event 5 in July. Monthly stream 

discharge exceeded the estimated precipitation in April and May (Figure 16), suggesting 

that groundwater resurgences were a major contributor to the stream's water budget. 

Figure 15: Devil's Canyon Stream Discharge. 
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Figure 16: Devil's Canyon Monthly Discharge vs Precipitation. 
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Sulfate values were high, and increased with each subsequent measuring event 

until the stream was dry (Figure 17). Dissolved oxygen decreased with each subsequent 

measuring event until the stream was dry. The following constituents exceeded 

California' s MCL: sulfate, conductivity, one pH value, TDS, iron, manganese and 

fluorine (DHS, 2003). The stream water was characterized as Calcium - Sulfate. 

Figure 17: Devil's Canyon Sulfate. 
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I believe that Devil's Canyon is relatively uninfluenced by anthropogenic activity. 

The presence of relatively high dissolved solid concentrations that are associated with 

local aquifers, especially sulfate, as well as the seasonal flow conditions common to most 

uninfluenced streams in the study area, support this conclusion. 

Simi Hills. Streams are listed in the order of visitation during each sampling 

event, which began with Santa Susana Wash at the northern edge of the range, proceeded 

south and ended with Bell Canyon (Figure 18). All streams flowed in a west to east 

direction. The general water quality trends aforementioned in the "Principle Results" 

section seem to hold true for watersheds within the Simi Hills, though some streams (Box 
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Canyon, Bell Canyon) received a blend of urban runoff and native groundwater recharge 

that are impossible to discriminate. Some of the watersheds contained areas that were 

relatively uninfluenced by human interaction. The primary type of land use was 

residential housing. 
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Santa Susana Wash: This stream paralleled Santa Susana Pass Rd and was easily 

accessible. The canyon walls were moderately steep and 10 to 30 feet apart throughout 

most of the canyon. Most of this canyon had been burned by the Topanga Wildfire in 

September 2005, except for some property owned by a school and the Church at Rocky 

Peak. The stream was generally 2 to 5 feet wide and less than 0.5 feet deep during flow 

periods. The streambed substrate consisted of cobbles, gravel and sand, with some 

bedrock exposures. 

Rock outcrops consisted entirely of the Chatsworth formation, a course-grained 

turbidite sandstone (Yerkes and Campbell, 2005). The lower stream roughly paralleled a 

poorly-exposed (possibly normal) fault. No springs could be identified. 

The upper canyon descended south from the Santa Susana Mountains, crossed 

beneath the 118 Freeway and appeared to be relatively uninfluenced by human activity. 

The lower canyon received some runoff from housing developments, erosion control 

measures and irrigation water from the Church at Rocky Peak. 

In January 2006, :flowing water was not observed in upper Santa Susana Wash, 

but was encountered just downstream from the Church at Rocky Peak property. Another 

stream converges here from the north, presumably from a new housing development 

located on north side of the 118 Freeway. 

One monitoring site was established in Santa Susana Wash: SH-6, located about 

300 feet east and downstream from the church property. The stream discharge (Figure 19) 

exhibited a peak from late May through June, and stabilized for the remainder of the dry 

season. Total stream discharge was 3.49 acre-feet during May while precipitation was 

very similar: 3.39 acre-feet. 
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Figure 19: Santa Susana Wash Discharge. 
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Sulfate and Conductivity values were moderately high, and decreased throughout 

the summer (Figures 20 and 21). The first low conductivity reading is from the preceding 

rain event. The following constituents exceeded California's MCL: sulfate, conductivity, 

TDS, iron and fluorine (DHS, 2003). The stream water was characterized as Calcium -

Sulfate. 

Figure 20: Santa Susana Wash Sulfate. 
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Figure 21: Santa Susana Wash Conductivity. 

Santa Susana Wash Conductivity 

l-+- SH-6 1 

It was impossible to isolate any one cause for the hydrologic patterns in Santa 

Susana Wash, but I believe that urban runoff was the primary influence. This conclusion 

is based on visual observation, the relatively steady summer month discharge rate and the 

decreasing sulfate and conductivity concentrations. The effects of the Topanga fire on 

runoff and soil erosion, and the presence or absence of natural springs on the Church 

property, could not be determined. 

Chatsworth Park (un-named tributary) : This stream was located in Chatsworth 

Park, and was easily accessed from the parking lot. Portions of this watershed had been 

burned by the Topanga Wildfire in September 2005. The hills above the stream were 

steep, highly eroded and covered with burnt chaparral vegetation. The stream was 

generally between 2 and 5 feet wide, and less than 0.3 feet deep. The streambed substrate 

consisted of mud and organic detritus. The stream terminated in a series of shallow pools 

on a grassy, irrigated park field. 
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Rock outcrops consisted entirely of the Chatsworth formation, a course-grained 

turbidite sandstone (Yerkes and Campbell, 2005), and dipped ~20° in the northwesterly 

direction. No springs could be identified. 

Most of this watershed received some recreational use from hikers and 

equestrians. Some large homes were located on the peaks overlooking the watershed. A 

railroad ran east through the valley, and entered a tunnel 300 feet uphill from the 

monitoring site. 

One monitoring site (SH-8) was established in Chatsworth Park in May 2006. 

Later field investigation identified a single source of water: a small pipe exiting the 

railroad tunnel and discharging water into a culvert, which then flowed amongst several 

piles of cement mix. Discharge was very uniform (Figure 22) over the summer. The 

water was cloudy, white and smelled like cement and decaying organics. The total length 

of the stream, from pipe to field, was less than a quarter mile. 

Figure 22: Chatsworth Park Stream Discharge. 
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Turbidity was extremely high (exceeding 1000 NTUs during one event) and pH 

was fairly high (Figure 23), most likely a result of the cement mix. The following 

constituents exceeded California' s MCL: conductivity, TDS, pH, turbidity and iron 

(DHS, 2003). The stream water at SH-8 was characterized as Magnesium - Bicarbonate. 

Figure 23: Chatsworth Park pH. 
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The single source of water was the railroad tunnel pipe, which may have been a 

dewatering pipe for the tunnel. The extremely high turbidity and elevated pH was 

probably due to dissolution of the cement powder at the stream' s head. 

Box Canyon: Access to Box Canyon was complicated by private property 

boundaries, including those of homes and the Santa Susana Field Laboratory (SSFL). 

The upper canyon was narrow, flanked by thickly vegetated slopes and frequently 

crossed with driveways. The steep canyon walls diverged and the valley widened in the 

lower canyon, where the stream briefly crossed the eastern perimeter of the SSFL. Here, 

the stream followed a 10 to 30 foot wide, 10 foot deep tree-bordered channel before 

crossing Valley Circle Rd and entering the Chatsworth Reservoir. The average wetted 
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stream diameter was 2 to 3 feet wide. The canyon substrate consisted of cobbles, gravel 

and sand, with some organic detritus found in pools. A very large portion of this 

watershed had been burned during the Topanga Fire in 2005. 

Rock outcrops consisted entirely of the Chatsworth formation, a course-grained 

turbidite sandstone (Yerkes and Campbell, 2005), and dipped ~20° in the northwesterly 

direction. Upper Box Canyon followed a north-south trending fault. One perennial spring 

was identified in the upper canyon. 

Residential homes were the most conspicuous and widespread type of land use. 

Most or all of the homes used septic tank systems. Lawn irrigation water from adjacent 

property was observed to enter the stream near SH-2 on several occasions. Surface runoff 

is probably not entering this watershed from the SSFL, but the possibility of groundwater 

contribution via springs cannot be dismissed. The rest of the watershed appeared to be 

relatively uninfluenced by human activity. 

Two monitoring sites were established in Box Canyon: SH-2, located in the upper 

canyon, and SH-7, located east and downstream of the SSFL property boundary. The 

substrate at SH-2 was relatively shallow and the stream frequently flowed over bedrock 

exposures. SH-7 Stream discharge at both sites diminished over the summer. SH-2 

maintained a steady trickle of ~O. 01 cfs throughout the dry period, whereas SH-7 dried up 

in July (Figure 24). SH-7 is located on a flood plain, with a sand and gravel substrate; this 

would increase local infiltration rates. 
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Figure 24: Box Canyon Discharge. 
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Dissolved constituents at the two sites was very different: conductivity (Figure 

25), TDS, sodium, sulfate and fluorine readings were much higher at SH-7 than at SH-2. 

These constituents generally increased in concentration as stream discharge decreased at 

SH-7, while the opposite was true at SH-2. The following constituents exceeded 

California's MCL: sulfate, conductivity, TDS, sodium, iron and fluoride (DHS, 2003). 

The stream water at SH-2 was characterized as Calcium - Bicarbonate, whereas SH-7 was 

Sodium - Bicarbonate. 
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Figure 25: Box Canyon Conductivity. 
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The majority of the water in upper Box Canyon, as characterized at SH-2, 

originated as urban runoff. This statement is supported by the steady summer flow rate, 

the decrease in constituent concentrations over the dry season, visual observations and 

the similar character to imported water, compared in the Stiff diagrams in Figure 26. This 

water mixed with resurgent groundwater that contributed sodium and chloride, measured 

in high concentrations at SH-7 (Figure 27). The high infiltration rate at SH-7 contributed 

to the drying of the stream channel by middle summer. The stream at SH-7 received some 

urban runoff, but hydrologically it behaved like an uninfluenced stream. 
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Figure 26: Local drinking water vs. Upper Box Canyon stream water. 
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Figure 27: Lower Box Canyon Stiff Diagram. 

SH-7 Lower Box Canyon 06/2 tn006 

~------ - - ----s::>, 

- - - - - -H:O}•CC\ 

Bell Canyon: Access to Bell Canyon was complicated by private property 

boundaries and limited parking. The canyon was narrow, flanked by thickly vegetated 

slopes. The stream followed a 10 to 30 foot wide and 5 foot deep, densely overgrown 

channel until it approached Valley Circle Blvd, where the canyon widened and entered a 

concrete-lined flood control basin. The average wetted stream diameter was 5 to 10 feet 

wide. The canyon substrate consisted of sand, mud and dense layers of organic detritus. 

The stream consisted of 2 to 4 foot deep pools, separated by 0.2 foot deep segments of 

flowing water. 
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Rock outcrops consisted predominantly of the Chatsworth Formation, a course

grained turbidite sandstone (Yerkes and Campbell, 2005). The Santa Susana Formation 

crops up in one hillside in the upper canyon, and the Calabasas Formation appeared in the 

lower canyon near SH-10. No springs could be identified. 

Residential homes were the most conspicuous and widespread type of land use. 

Lawn irrigation water from adjacent property was observed to enter the stream via 

stormdrain culverts near SH-10. Treated surface runoff could be entering this watershed 

from SSFL, which operates two monitoring locations at the head of Bell Canyon (shown 

in Figure 2). The rest of the watershed appeared to be relatively uninfluenced by human 

activity. 

The Santa Susana Field Laboratory does not discharge water from industrial 

operations into Bell Canyon, and episodic rainfall events are the primary source of 

surface flow. During the first Quarter of 2006, the following constituents exceeded the 

EPA MCL at monitoring sites located in Bell Canyon: copper, lead, dioxin and nitrate 

(Boeing, 2006b ). The highest copper and lead concentrations occurred during stmm flow 

events in January 2006, and Boeing concludes that the erosion of soils and ash following 

the Topanga Wildfire is the most probable cause. The highest dioxin concentrations 

occurred immediately after the Topanga Wildfire, and decreased as BMPs were rebuilt 

and improved (Boeing, 2006b ). 

I acquired March 28th 2006 data for the two monitoring outfalls at SSFL 

contributing to Bell Canyon (Boeing, 2006b ). More than 2 inches of rainfall were 

recorded nearby at raingage 23B on March 27th and 28th 2006 (LADPW, 2006). The 

influence of rainfall and the recent wildfire on storrnwater quality precludes that this data 
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is representative of typical baseflow conditions. Comparison was impossible, because no 

monitoring site was established downstream during this event. The SSFL outflow data is 

included in Appendix E. 

Boeing maintains that most storm water constituents result from naturally 

occurring contributions from the local sediment, and from atmospheric deposition. 

Elevated constituent concentrations are attributed to increased erosion and the dissolution 

of ash, both a result of the Topanga Wildfire (Boeing, 2006a). 

Two monitoring sites were established in May 2006. SH-10 and SH-12 were 

located on the edge of parkland. SH-I 0 was located just upstream from a recent housing 

development sto1mdrain. This was later replaced by SH-12, which was located 300 feet 

downstream after SH-10 became dry. The stream flowed at 0.5 cfs during the May 

sampling event, which later dwindled to isolated pools. 

Sampling was conducted in May and July 2006, after which the stream flow 

became insufficient for measurement of representative conditions. This lack of data 

limited my interpretation of temporal patterns. The following constituents exceeded 

California's MCL: sulfate, conductivity, TDS, sodium, iron, turbidity and fluoride (DHS, 

2003). The stream water at SH-2 was characterized as Magnesium - Sulfate. 

The major source of water in Bell Canyon appeared to be native water, or 

infiltrated urban runoff, based on the high dissolved constituent load. Rain events 

contribute storm water from the SSFL into the stream. Urban runoff is definitely present, 

as evidenced by visual observation of storm-drain flow. 

Santa Monica Mountains. Streams are listed in the order of visitation during 

each sampling event, which began with McCoy Canyon at the western edge of the range, 
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proceeded east and ended with Caballero Canyon at the end of Reseda Boulevard (Figure 

28). All streams flow in a south to north direction. The primary type of land use in these 

watersheds was residential housing. 
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Most of the Santa Monica Mountain watersheds received large contributions of 

urban runoff. A higher proportion of Santa Monica Mountain urban runoff infiltrated the 

ground, accumulating a higher dissolved constituent load before entering the stream, than 

in the Santa Monica Mountains or the Simi Hills. Thus, highly urbanized streams like 

McCoy, Dry and Topanga exhibited water chemistry similar to the Santa Susana 

Mountains uninfluenced streams, rather than that of imported drinking water. The 

exception was Caballero Canyon, where urban runoff came directly from a storm-drain 

culvert, carried a very light dissolved constituent load and had water chemistry that 

resembled imported drinking water. 

McCoy Canyon: Access to McCoy Canyon was severely complicated by private 

property boundaries and limited parking. The canyon walls were 50 to 100 feet apart in 

the upper canyon, flanked by vegetated slopes. The stream followed a 10 to 30 foot wide, 

5 foot deep tree-bordered, densely overgrown channel which was flanked by golf courses, 

parks and other urban landscape. The average wetted stream diameter was 5 to 10 feet 

wide. The canyon substrate consisted of sand, mud and dense layers of organic detritus. 

The stream consisted of elongate 2 to 4 foot deep pools, separated by 0.2 to 1.0 foot deep 

segments of rapidly flowing water. 

The rock outcrops consisted of fine to course-grained sandstones, mudstones and 

shales of the Modelo and Calabasas formations (Yerkes and Campbell, 2005), which 

dipped shallowly in the northeast direction. No springs could be identified. 

Residential housing developments, retail stores, parks and golf courses were the 

most conspicuous and widespread type of land use. Lawn in'igation water from adjacent 

property was observed to enter the stream via several pipes and storm-drains. The stream 
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flowed through several culverts as it passed beneath streets. Street litter and numerous 

golf balls were found in the stream. 

One monitoring site was established in lower McCoy Canyon. SM-1 was located 

in a strip of flood easement land, situated between a parking lot and some commercial 

property. This stream maintained the highest consistent flow rate within the entire study 

area (Figure 29). The peak during 411/06 was due to a previous rain event. 

Figure 29: McCoy Canyon Discharge. 
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The following constituents exceeded California' s MCL: sulfate, conductivity, 

TDS, iron, manganese and fluoride (DHS, 2003). The stream water at S-1 was 

characterized as Calcium - Sulfate. 

The major source of water in McCoy Canyon appeared to be urban runoff 

that had accumulated a high dissolved constituent load as it infiltrated local soils and 
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sedimentary rock. This conclusion is supported by the major disparity between monthly 

stream discharge and estimated precipitation in April and May (Figure 30). The high 

discharge in April can be attributed to the preceding rain event, which greatly 

exaggerated the average discharge for this month. The stream discharge in May was 43 

times greater than the watershed's estimated precipitation volume. Urban runoff is 

definitely present, as evidenced by visual observation of stormdrain flow. Direct 

measurements of urban runoff elsewhere in the Santa Monica Mountains (Caballero 

Canyon, SM-8) exhibited a chemical character similar to that of drinking water. 

Figure 30: McCoy Canyon Monthly Discharge vs. Precipitation. 
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Dry Canyon: Access to Dry Canyon was complicated by private property 

boundaries and limited parking. The steep canyon walls were 10-50 feet apart in the 

upper canyon, flanked by vegetated slopes. The stream followed a 10 foot wide, 5 to 10 

foot deep tree-bordered, densely overgrown channel. The average wetted stream diameter 

was 1 to 3 feet wide. The canyon substrate consisted of sand, gravel and cobbles. The 
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stream consisted of elongated 2 to 4 foot deep pools, separated by 0.2 to 1.0 foot deep 

segments of flowing water. 

The rock outcrops consisted of fine to course-grained sandstones, mudstones and 

shales of the Modelo and Calabasas formations (Yerkes and Campbell, 2005), which 

dipped shallowly in the northeast direction. No springs could be identified. 

Residential housing developments, schools and parks were the most conspicuous 

and widespread type of land use. Storm-drain runoff water from adjacent developments 

was observed to enter the stream. The stream flowed through several culverts as it passed 

beneath streets. Street litter and thick mats of algae were found in the stream. 

Two monitoring sites were established in Dry Canyon, located on two different 

stream branches: SM-2, located on property owned by Mountains Restoration Trust, and 

SM-3, located southwest of the Calabasas High School football field. Each branch had 

similar watershed areas, while the watershed above SM-3 contained a greater urbanized 

land coverage. Some horse property was observed above SM-2. Both stream branches 

were shaded for much of their lengths. Algal growth at SM-3 was much higher than at 

any other site within the study area. 

Stream discharge measurements at SM-2 decreased during the summer, before 

they stabilized around July. Discharge at SM-3 followed a similar pattern, except the 

decrease in flow was not as significant (Figure 31). 
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Figure 31: Dry Canyon Discharge. 
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Conductivity measurements were higher at SM-2 and stable over time, and were 

lower at SM-3 and decreased over the summer (Figure 32). The following constituents 

exceeded California's MCL: sulfate, conductivity, TDS, turbidity, iron, manganese and 

fluoride (DHS, 2003). The stream water at SM-2 and SM-3 was characterized as 

Calcium-Sulfate. 

Figure 32: Dry Canyon Conductivity. 
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SM-3 probably received more urban runoff than SM-2. Conductivity increased 

slightly as flow decreased at SM-2, while at SM-3 conductivity and flow were relatively 

stable. 

Topanga Canyon: Access to Topanga Canyon was complicated by private 

property boundaries and limited parking. The steep canyon walls were 10 to 30 feet apart 

in the upper canyon, flanked by vegetated slopes. The stream followed a 5 to 10 foot 

wide, 5 to 10 foot deep tree-bordered, densely overgrown channel with nearly vertical 

slopes. The average wetted stream diameter was less than 1 foot wide. The canyon 

substrate consisted of sticky dark clay, coated with a film of orange algae. The stream 

consisted of shallow, stagnant pools separated by 0.2 foot deep segments of trickling 

water. 

The rock outcrops consisted of fine to course-grained sandstones, mudstones and 

shales of the Modelo and Calabasas formations (Yerkes and Campbell, 2005), which 

dipped shallowly in the north direction. No springs could be identified. 

Residential housing developments were the most conspicuous and widespread 

type of land use. Storm-drain runoff water from adjacent developments entered the 

stream at a few locations. Topanga Canyon Blvd followed the stream and probably 

contributes some of the observed litter. 

One monitoring site, SM-7, was established in May 2006 at the comer of Topanga 

Canyon Blvd and Mulholland Drive. Stream discharge was measured to be 0.08 cfs in 

May, and diminished over the summer before stabilizing at ~0.02 cfs for the remainder. 

Sampling was complicated by the extremely shallow pool depths, the abundant algal film 

and surface-scum rafts. 
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The following constituents exceeded California's MCL: sulfate, conductivity, 

TDS, turbidity, alkalinity and hardness (DHS, 2003). The stream water at SM-7 was 

characterized as Calcium - Sulfate. 

The flowing water at SM-7 was probably urban runoff that had infiltrated and 

accumulated its dissolved solid load before entering the stream. The overt presence of 

orange algae suggested that additional nutrients are entering the system. 

Caballero Canyon: Caballero Canyon was readily accessible from Reseda Blvd. 

The canyon above the monitoring sites contained several tributary canyons with steep, 

undeveloped chaparral-covered slopes. The stream valley walls were 50 to 100 feet apart, 

and the valley floor contained a moderately incised, meandering stream channel that was 

about 5 feet across, had vertical walls 1 to 3 feet tall and was flanked by overhanging 

vegetation. The dominant stream substrate was sand, gravel and cobbles, with thick 

patches of green algae. The average wetted diameter was about 1 foot wide, and average 

depth was ~0.02 ft. 

The rock outcrops consisted of fine to course-grained sandstones and siltstones of 

the Tuna Canyon formation (Yerkes and Campbell, 2005), which dipped shallowly in the 

northwest direction. No springs were identified. 

Above the monitoring sites, Caballero Canyon was relatively uninfluenced by 

human interference. Some hiking trails crossed the stream, and dog feces were 

encountered. Between the two monitoring sites, a 3 foot wide, continually flowing culvert 

discharged urban mnoff from a housing development and a golf course. 

Two monitoring sites were established in Caballero Canyon: SM-4 in March, 

located near a trail that led down from the curbside parking area, and SM-8 in May, 
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located about 100 feet downstream from SM-4 and about 20 feet below the culvert. SM-4 

discharged 0.4 cfs after a rain event on April 1, and flow decreased until the stream was 

found dry in June. SM-8 was established below the culvert to characterize the urban 

contributions to the stream, which had a variable discharge rate over the summer but 

never went dry. 

The two monitoring sites had very different water chemistry (Figure 33). The 

character of the dissolved constituents at SM-4 closely resembled other uninfluenced 

streams in the study area, having relatively high sulfate, conductivity, TDS and other 

attributes. The water chemistry at SM-8 more closely resembled drinking water. The 

following constituents exceeded California's MCL: sulfate, conductivity, TDS, turbidity, 

alkalinity and hardness (DHS, 2003). The stream water at SM-7 was characterized as 

Calcium - Sulfate. 
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Figure 33: Caballero Creek Dissolved Solids. 
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Water chemistry and flow conditions at SM-4 represent the only uninfluenced 

stream located within the Santa Monica Mountains study area. The SM-8 water chemistry 

and flow conditions suggest that most or all of the storm-drain discharge is urban runoff 

that has not dissolved a significant load of local constituents before entering the stream. 
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CONCLUSION 

Based on the water quality parameters and dissolved constituents that were 

measured in this study, streams receiving urban runoff contributions tended to have 

continuous flow regimes and lower dissolved constituent loads than did the uninfluenced 

streams. This high quantity, high quality impression would suggest that highly urbanized 

streams would be ideal candidates for artificial recharge enhancement projects. However, 

these urbanized streams also contained more litter and algal growth, presented noxious 

odors and were more vulnerable to contamination than the uninfluenced streams. The 

effects these variables had on water quality could not be evaluated using this study's data. 

During this study, water quality and stream discharge conditions were captured 

after one rain event in late March, 2006, and were characterized by low dissolved 

constituent levels and elevated stream discharge. The low resolution of precipitation and 

stream discharge data prevented flood event characterization and associated effects on 

stream water quality and discharge behavior. 

I believe that the urban streams require a more rigorous evaluation before they 

should be considered for artificial recharge enhancement. The constituent sampling list 

needs to be expanded to include urban-related contaminants. It is also critical to analyze 

stormwater samples following a rain event, as these are flushing events that transport 

very large quantities of water and debris and may transport elevated quantities of 

chemical constituents (Ahearn et al., 2004). It is very important to confirm that these 

flood events will not deliver contaminants to artificial recharge enhancement sites. 

It was probable that in several watersheds, infiltrated urban runoff accumulated a 

dissolved constituent load before entering the stream. This could not be confirmed with 
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the available data. The water quality resembled that of uninfluenced streams, but the flow 

regime was perennial (unlike most uninfluenced streams). If these streams are modified 

to include artificial recharge enhancements, they may require pre-treatment before the 

water enters the SFB. 

Based on this study's results, all uninfluenced streams with high dissolved 

constituent loads, low average discharge rates and seasonal flow regimes should not be 

considered for artificial recharge enhancement, unless flood events can be determined to 

discharge sufficient quantities of high quality water to justify the expense. 

Even if a stream's water quality and quantity justify recharge enhancement, a site 

must be selected and evaluated for local infiltration, aquifer and groundwater 

characteristics, ease of access and property ownership. These issues are currently being 

investigated by other members of the Headwaters to Groundwater: ULARA Assessment 

Project. 

Until future investigations which include flood event characterization and 

expanded urban-contaminants sampling are conducted, I recommend that the following 

streams be considered for artificial recharge enhancement: Limekiln Canyon, Brown's 

Canyon, McCoy Canyon, Dry Canyon and Caballero Canyon. 
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FUTURE INVESTIGATIONS 

Ample opportunities await the next investigator of water quality issues in this 

study area. The source of water in urbanized and semi-urbanized watersheds could be 

resolved using stable isotopes; imported water has an isotopically-light character, this 

would allow quantification of urban contributions regardless of any infiltration, 

subsequent dissolution oflocal minerals and their transport into a stream (Fetter, 1994). 

My study concluded that, based on the constituents I measured, urban-influenced 

streams appeared to have better (drinking) water quality than did the uninfluenced 

streams. The range of sampled constituents should be expanded to include: phosphate, 

fecal coliform, bacteria, volatile organic compounds, fertilizers, pesticides and other 

markers for impaired water quality. If nitrate and phosphate levels can be correlated 

inversely with the degree of algal growth in an urban stream, this could signify nutrient 

depletion (Bellos et al., 2004). 

This study could not capture flood events, which are highly significant to the 

hydrology of any Mediterranean region. How much, and at what rate, does water 

discharge from a canyon during a rain event? What is the relative water quality? How 

does this differ in watersheds that were recently burned, such as within the Simi Hills? 

Canyons with very large watershed areas, but seemingly low monthly stream discharge 

(Santa Susana Mountains), could potentially yield higher quantities of suitable recharge 

water than would those small canyons with high monthly stream discharge (Santa Monica 

Mountains). 

The lack of a cohesive raingage network within the study area made for a 

relatively low-resolution interpretation of precipitation data. Since flow measurements 
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were collected on a bimonthly basis and flood events were not captured as a practice, 

estimation of monthly flow volumes was also very low-resolution. The resulting 

comparison of monthly precipitation to stream flow volumes is rough, at best. Future 

studies should consider emplacing a more rigorous raingage network and automatic flow 

measurements to better define the hydrologic behavior of the upper tributaries to the Los 

Angeles River. 
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Geologic Map of the Simi Hills Study Area (modified from Yerkes and Campbell, 2005). 
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Geologic Map of the Santa Monica Mountains Study Area (modified from Yerkes and Campbell, 2005). 



Appendix B. Water Quality Instrument Specifications. 

Type 
of Sensor Specifications Meter Company Model 

YSI 60 Water Temoerature pH 
Resoluti Resoluti 

pH Meter Ranae Accuracv on Ranae Accuracy on 

-0.5 to 
+/- 0.1C 0.1C 

Oto +/-0.1 0.01unit +75C 14pH pH 

Hach 2100P Turbiditv 
Resoluti 

Turbidim Ranae Accuracv on 
et er 

0-1000 +/-2%of 0.01NT 
NTU reading, u 

YSI 30 Water Temoerature Salinitv Conducliviti 

Salinity, Resoluti Resoluti Resolut 

Conducti Ranae Accuracv on Ranae Accuracy on Ranae Accuracv ion 

Yity Meter 
Oto BO +/-2%or 

Oto varies 
-5 to 95C +/-0.1C 0.1C ppt +/-0.1ppt 0.1ppt 4999 +/-0.5% with 

uS/cm setting 

YSI 85 Water Temoerature Salinitv Conducliviti 
Resoluti Resoluti Resolut 

Ranae Accuracy on Ranae Accuracy on Ranne Accuracv ion 

Multimete Oto BO +/- 0.1ppt or 
Oto varies 

r: DO, -5 to65C +/-0.1C 0.1C 4999 +/-0.5% with 
Conducti 

ppt 0.1ppt 2% uS/cm setting 
vity, 

Salinity 
DO % Saturation DO mg/L and 

Twater Resoluti Resoluti 
Ranae Accuracv on Ranae Accuracv on 

Oto200% +/- 2% 0.1%or Oto +/- 0.01 
1% 20rng/L 0.3mg/L mg/L 

Hanna HI 
991300 Water Temoerature TDS Canducliv it 

Resoluti Resoluti Resolut 
Ranae Accuracy on Ranae Accuracv on Ranne Accuracv ion 

Multimete 0.0 to 60.0 0 to 2000 
Oto 1 

r: pH, c +/-0.5C 0.1 c +/-2% 1 ppm 3999 +/-2% uS/cm 
Conducti 

ppm uS/cm 
vity, TDS 

and pH 
Twater 

Resoluti 
Ranae Accuracy on 

O.OOto +/- 0.01pH 
14.00 0.01pH 

Global Water FP201 Instantaneous V Maximum V Average V 
Resoluti Resoluti Resolut 

Flow Ranae Accuracv on Ranna Accuracv on Ranae Accuracv ion 
Probe 

? 0.5 mis ? ? 0.1 mis ? ? 0.01 mis ? 

GPS, Garmin Rina 130 GPS Radio 
barometri 

c 
altimeter, Acquisition 

digital time Accuracv Ranae 
compass, 

FRS 15sec <15m upto2 
radio miles 
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445580 Air Temperature Hygrometer 

Resoluti Resoluti 
Hygro-

Extech Ranoe Accuracv on RanQe Accuracy on 
thermom 

Instruments +/-5% 
eter pen relative 

-10-50 c +/-1.0C 0.1C 10 - 90% humidity 0.001 
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Appendix C. Water Chemistry Stiff Diagrams. 

These diagrams were created using the program AqQA (Rockware). The data is deri ved from water 
samples that were analyzed by Ameri can Analytics, and had been processed, verified for consistency and 
tabulated by Colleen Garcia and Anita Regmi. 
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Aliso Canyon Stiff Diagrams 
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Upper Limekiln Canyon Stiff Diagrams 
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Lower Limekiln Canyon Stiff Diagrams 
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North Brown's Canyon Stiff Diagrams 
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East Brown's Canyon Stiff Diagrams 
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West Brown's Canyon Stiff Diagrams 
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South Brown's Canyon Stiff Diagrams 
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Devil's Canyon Stiff Diagrams 
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Santa Susana Wash Stiff Diagrams 
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Chatsworth Park Stiff Diagrams 
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Upper Box Canyon Stiff Diagrams 

SH-2 Upper Bo:-: Canyon 04/0 1/2006 SH-2 Upper Box Canyon 0412912006 

-
20 40 8) 20 40 00 

._ __ _._ ___ _._ ___ c__ ___ ,__l ___ _,_l __ _JI I I I 

:=--====t====--~:~ :======·-=====~:~ >b-K-------~-------0 1 .. K---- - --~------0 

SH-2 Uppe r Box Canyon 05/3 112006 SH-2 Upper Box Canyon 06/2 1/2006 

-
.. ------, ------SO, .. -------, -------SO, 
ca-- - --- ---- - -~·co, ca------- -------1-CO.,•CO, 

Na•K------ -------0 Na•K------- -------0 

SH-2 Upper Box Can~·on 07/2 7/2006 

-
"' 

i.\1-- - ---- -------50, 

- - - - - - -~·CO, 

108 



Lower Box Canyon Stiff Diagrams 
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Bell Canyon Stiff Diagrams 
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McCoy Canyon Stiff Diagrams 
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West Dry Canyon Stiff Diagrams 
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East Dry Canyon Stiff Diagrams 
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Topanga Canyon Stiff Diagrams 
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Upper Caballero Canyon Stiff Diagrams 
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ca------ -------~·co, 

th•I<---- - -- -------0 
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Jensen Filtration Plant Eftluent, western SFV Drinking Water Stiff Diagram. 

., 
I "' I 

Jensen 1998-99 Average Stiff Diagram 

"' I "' I 

., 
I 

., 
I 

., 
I 

., 
I 

Western SFV 10113/83 Stiff Diagram 

"' I 
0 
I "' I 

., 
I 

., 
I 

.., _______ l-------SO. ""------i -------so. 
Ca------- -------HC:0,•00, Ca---- - - -------1-<X>:i•CO, 

t-e•K------- -------O te•K------- -------0 
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Appendix D: Raw Data by Monitoring Site 

Site 
Measured 

Tair Twater 0 2 0 2 Cond Salinity Turbidity 
Watershed Date Time Flow pH 

ID (ft3/s) 
(Co) (Co) (%) (mg!L) (uS/cm) (ppt) (NTU) 

3/31/06 8:20 1.9 11 .5 10.1 8.34 98.9 11 .13 2627 1.3 # 

4/16/06 11 :06 1.2 19.7 12.1 8.24 105.5 11 .32 2765 1.4 # 

4/23/06 8:42 # 17.8 11 .3 8.02 95.7 10.53 2845 1.4 1.18 

4/28/06 7:55 0.4 18.6 12.3 8.22 94.5 9.99 2886 1.4 0.92 

SS- 5/30/06 7:40 DRY 
1 

6/6/06 7:40 DRY 

6/20/06 # DRY 
Bee 

Canyon 7/26/06 # DRY 

8/15/06 # DRY 

9/23/06 7:49 DRY 

6/6/06 7:54 0.07 I 18.9 I 17.2 I 7.94 I 70.2 I 7.15 I 3301 I 1.7 I 1.44 

6/20/06 # DRY 
SS- I 24.6 I 18 7/26/06 8:18 DRY DRY 

8/16/06 7:42 DRY 

9/23/06 7:46 DRY 

3/31/06 10:25 1.50 13.2 10.5 8.22 97.7 10.82 2733 1.4 # 

4/16/06 12:03 1.50 17.3 12.6 8 .13 94.6 10.03 2545 1.3 # 

4/23/06 9:25 1.10 15.5 10.3 7.95 94.2 10.49 2570 1.3 2.35 

4/28/06 8:44 0.60 17.4 12.3 8.08 90.7 10.51 2547 1.3 2.41 

Aliso SS- 5/30/06 8:23 0.60 22.9 14.1 7.86 97.5 9.93 2554 1.3 7.88 
Canyon 2 6/6/06 9:02 0.40 21 .2 17.4 7.85 82.8 7.91 2626 1.3 4.13 

6/20/06 8:00 0.30 19.7 16.2 7.79 74.6 6.95 2724 1.4 5.75 

7126106 9:12 DRY 26.3 DRY 

8/16/06 8:34 BDL 18.0 16.0 I 6.79 I 3.1 I 0.33 I 3154 I 1.6 I 54.5 

9/23/06 8:20 BDL DRY 

3/31/06 10:58 # # 10.5 8.28 98.2 10.94 1081 0.5 # 

4/16/06 12:35 1.60 17.1 12.7 8.40 93.3 9.77 1181 0.6 # 

4/23/06 9:40 0.70 15.1 10.5 8.10 91 .5 10. 23 1099 0.6 1.39 

4/28/06 9:08 0.90 15.8 12.4 8.26 94.8 9.90 1090 0.5 1.08 

SS- 5/30/06 9:00 0.50 24.0 14.1 8.13 91 .3 9.16 1064 0.5 1.01 
3 6/6/06 9:24 0.30 21.4 18.0 8.21 85.2 7.96 1082 0.5 1.03 

6/20/06 8:35 # 22.1 17.3 8.19 81 .9 8.30 1051 0.5 1.08 

7/26/06 9:32 0.38 28.2 # 8.05 76.0 6.71 437 0.2 1.58 

8/16/06 9:11 0.20 19.5 17.0 7.90 73.7 7.20 900 0.5 1.31 

Limekiln 9/23/06 8:44 0.13 18.2 16.9 7.69 60.6 5.86 850 0.4 1.97 
Canyon 3/31/06 11 :48 7.7 # 11.8 8.42 99.2 11 .11 1078 0.5 # 

4/16/06 12:59 3.7 16.9 13.8 8.41 94.8 9.75 1107 0.6 # 

4/23/06 10:01 6.6 15.9 11.9 8.26 93.7 10.25 11 01 0.6 0.39 

4/28/06 9:31 9.0 15.7 13.8 8.38 87.0 9.39 1061 0.5 0.88 

SS- 5/30/06 9:37 3.1 21.3 15.3 8.26 96.4 9.40 1072 0.5 0.70 
4 6/6/06 9:48 2.6 22.2 18.7 8.32 94.0 8.61 1042 0.5 0.72 

6/20/06 9:05 # 21.8 17.7 8.33 92.2 8.99 1084 0.5 0.73 

7/26/06 10:05 # 29.8 22.8 8.35 97.6 8.29 851 0.4 1.35 

8/16/06 9:36 1.4 18.0 17.0 8.28 96.5 9.35 911 0.5 0.78 

9/23/06 9:11 2.3 19.7 15.9 8.15 91 .8 9.07 976 0.5 1.00 
Brown's SS- 3/31/06 12:00 0.60 16.1 11 .4 8.23 105.7 10.03 1355 0.7 # 
Canyon 15 

4/16/06 13:35 0.12 18.0 13.8 8.33 88.4 9.08 1431 0.7 # 

4/23/06 10:28 0.70 16.1 12.9 8.02 90.9 9.57 1406 0.7 0.49 

4/28/06 10:01 0.30 16.8 13.5 8.20 85.0 8.78 1399 0.7 0.30 

5/30/06 10:21 0.50 23.7 15.9 8.12 90.6 8.92 1365 0.7 0.30 

117 



Site 
Measured Tair Twater 0 2 0 2 Cond Salinity Turbidity 

Watershed ID 
Date Time Flow (Co) (Co) pH 

(%) (mg!L) (uS/cm) (ppt) (NTU) 
(ft3/s) 

6/6/06 10:28 0.50 22.7 18.1 7.17 84.3 7.93 1353 0.7 0.36 

6/20/06 9:40 # 22.0 17.1 8 .16 91 .9 8.81 1365 0.7 0.44 

7/26/06 10:40 0.20 28.4 21 .9 8.09 87.7 7.84 1281 0.6 0.43 

8/16/06 10:19 0.16 20.3 16.8 8.04 89.4 8.63 1297 0.7 0.22 

9/23/06 9:51 0.15 20.5 15.7 8.06 89.2 8.82 1344 0.7 1.52 

3/31/06 12:20 BDL 15.3 0.0 0.00 0.0 0.00 0 0.0 # 

4/16/06 13:58 BDL 20.2 # # # # # # # 

4/23/06 10:42 BDL 18.1 # # # # # # 0.44 

4/28/06 # 0.02 18.6 15.0 8.09 89.8 8 .90 2652 1.3 0.46 

SS- 5/30/06 10:51 0.04 30.1 19.3 8.07 97.5 9.01 2405 1.2 0.34 
8 616106 10:50 0.05 28.4 19.5 8.05 86.8 7.91 2364 1.2 0.42 

6/20/06 10:05 # 30.0 19.1 8.08 90.3 8.30 2297 1.1 0.49 

7/26/06 11 :04 0.04 39.2 23.6 8.06 87.2 7.19 2010 1.0 1.07 

8/16/06 10:51 0.05 27.1 18.4 7.93 91 .1 8.53 2057 1.0 0.4 

9/23/06 10:11 0.02 24.6 17.5 7.98 91.4 8 .65 2063 1.0 0.19 

3/31/06 12:04 3.80 17.3 12.2 8.15 99.1 10.10 1487 0.7 # 

4/16/06 14:03 2.30 18.7 14.8 8.12 87.6 8.97 1542 0.8 # 

4/23/06 10:47 1.40 20.8 12.3 7.98 91 .7 9.82 1488 0.7 2.02 

4/28/06 10:39 1.10 17.2 13.7 8.13 94.3 9.70 1474 0.7 1.61 

SS- 5/30/06 11 :09 2.10 28.0 16.8 8.04 97.5 9.33 1462 0.7 1.51 
7 616106 10:59 0.90 25.7 18.5 8.04 90.0 8.38 1432 0.7 1.42 

6/20/06 10:30 0.50 33.7 17.7 8.06 86.6 8.33 1447 0.7 1.00 

7/26/06 11 :04 0.07 34.1 23.6 7.85 84.5 7.17 1464 0.7 2.62 

8/16/06 11 :08 0.06 27.3 17.5 7.79 89.0 8.52 1466 0.7 0.68 

9/23/06 10:30 0.11 26.6 16.0 7.78 82.4 8.14 1532 0.8 1.99 

3/31/06 1:00 0.33 13.1 11 .6 8.28 100.9 11 .20 795 0.4 # 

4/16/06 14:23 0.13 19.9 15.1 8.36 90.2 9.05 972 0.5 # 

4/23/06 10:58 0.13 17.3 11 .4 8.29 99.4 10.79 910 0.5 0.45 

4/28/06 10:52 0.10 17.0 13.3 8.51 97.0 10.40 895 0.4 1.68 

SS- 5/30/06 11 :29 0.20 27.8 18.0 8.39 99.0 9.36 796 0.4 5.91 
17 6/6/06 11 :24 0.10 25.9 20.1 7.17 103.6 9.40 714 0.4 4.01 

6/20/06 10:45 # 27.1 18.6 8.41 111 .0 10.32 716 0.4 2.17 

7/26/06 11 :44 0.02 39.4 24.9 8.48 106.0 8.77 627 0.3 3.49 

8/16/06 11 :45 0.28 26.7 18.8 8.27 99.6 9.27 578 289.0 7.99 

9/23/06 10:47 0.22 23.4 16.7 8.19 94.3 9.04 662 0.3 2.52 

3/31/06 13:40 2.90 14.9 12.2 8.32 99.9 10.78 1637 0.8 # 

4/16/06 14:54 1.90 22.5 16.6 8.12 92.2 8.94 1857 0.9 # 

4/23/06 11 :11 1.79 15.8 13.0 8.14 91 .6 9.53 1822 0.9 0.88 

4/28/06 11 :32 1.20 17.6 14.7 8.36 94.3 9.57 1806 0.9 0.7 

SS- 5/30/06 12:05 0.30 29.5 20.8 8.01 90.6 8.11 1795 0.9 1.35 
13 6/6/06 11 :50 0.30 27.0 21 .3 7.95 73.1 6.72 1784 0.9 1.32 

Devil's 
Canyon 6/20/06 # DRY 

7/26/06 # DRY 

8/16/06 # DRY 

9/23/06 # DRY 

7/26/06 12:10 DRY 
SS-
20 8/16/06 12:05 DRY 

9/23/06 11:01 DRY 

Santa SH- 3/31/06 14:23 # 13.8 12.7 8.19 95.4 10.25 1395 0.7 # 
Susana 6 
Wash 4/28/06 12:07 0.02 18.6 14.9 8.22 96.6 9.78 1495 0.7 0.86 

5/30/06 1:00 0.09 31 .9 19.8 8.18 115.1 10.51 1434 # 0.55 

6/6/06 12:30 0.10 28.0 20.4 8.21 104.2 9.43 1401 0.7 1.24 
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Site 
Measured Tair Twater 02 0 2 Cond Salinity Turbidity 

Watershed Date Time Flow pH 
ID (ft'/s) 

(C•) (C•) (%) (mg/L) (uS/cm) (ppt) (NTU) 

6/20/06 11 :40 0.08 22.0 20.4 8.21 108.7 9.58 1406 0.7 0.65 

7/26/06 0:35 0.04 31 .3 25.5 8.10 92.4 7.48 1291 0.6 0.85 

8/16/06 12:17 0.03 26.8 19.0 8.12 100.9 9.23 1264 0.6 0.56 

9/23/06 11:25 0.03 23.8 18.0 8.12 107.4 9.97 1261 0.6 0.76 

5/31/06 9:44 0.08 27.7 18.5 8.38 99.3 9.32 994 0.5 74.0 

6/21/06 # # # # # # # # # # 
Chatsworth SH-

Park 8 7/27/06 8:04 0.08 25.2 22.9 8.34 86.4 7.47 1043 0.5 168.0 

8/17/06 8:18 0.08 19.2 17.2 8.53 89.4 8.59 1019 0.5 >1000 

9/24/06 7:51 0.07 13.9 15.2 8.37 90.1 8.96 1068 0.5 191 .0 

4/29/06 8:06 0.04 15.8 14.2 7.90 75.0 7.80 1314 0.7 0.63 

5/31/06 7:48 0.04 18.7 16.0 7.86 61 .1 5.90 1237 0.6 0.62 

6/8/06 8:38 0.01 21.6 18.9 7.80 41 .5 3.86 1076 0.5 1.35 
SH-

2 6/21/06 7:34 BDL 18.2 17.8 7.67 40.0 3.76 1160 0.5 0.93 

7127106 8:53 BDL 27.0 22.7 7.75 43.5 3.89 894 0.4 0.74 

8/17/06 8:55 BDL 19.9 18.2 7.78 55.9 5.40 826 0.4 1.06 

9/24/06 8:28 BDL 15.0 16.6 7 .88 58.2 5.67 790 0.4 1.14 
Box 

Canyon 4/1/06 10:10 2.40 17.3 12.4 7.94 88.7 9.44 614 0.3 # 

4/29/06 8:46 0.36 18.4 15.2 7.98 87.4 8.65 1930 1.0 2.3 

5/31/06 8:41 0.10 26.0 18.3 7.87 86.8 8.40 2384 1.2 1.98 

SH- 6/8/06 9:17 0.20 24.2 22.7 7.94 103.4 9.04 2597 1.3 1.53 
7 8/21/06 8:20 0.03 20.4 18.6 7.40 57.5 5.38 2398 1.2 3.01 

7127106 9:20 DRY # DRY 

8/17/06 9:27 DRY # DRY 

9/24/06 8:58 DRY # DRY 

4/1/06 11:15 11 .50 15.5 13.9 7.98 95.8 9.84 981 0.5 # 

4/29/06 9:51 2.65 19.5 15.5 7.93 99.8 9.08 2924 1.5 1.42 

5/31/06 11:31 2.00 31 .3 19.1 8.07 124.3 11 .35 2926 1.5 1.51 

McCoy SM- 6/8/06 10:01 2.30 26.0 20.6 8.07 116.2 10.43 2812 1.4 1.13 
Canyon 1 8/21/06 9:08 1.98 22.6 19.0 7.97 94.1 8.63 2459 1.2 1.02 

7127106 10:23 # 28.9 23.7 8.06 100.1 8.47 2497 1.3 1.87 

8/17/06 10:06 3.19 22.6 19.0 7.99 96.5 8.83 2529 1.3 1.42 

9/24/06 9:14 2.48 19.3 17.1 7.86 86.7 8.28 2557 1.3 2.78 

4/1/06 12:20 2.40 18.3 15.1 8.09 97.5 10.11 1625 0.8 # 

4/29/06 10:30 0.6 19.4 14.4 7.99 98.2 9.85 3052 1.5 19.2 

5/31/06 12:02 0.40 31 .2 17.2 7.89 96.7 9.58 2960 1.5 0.71 

SM- 616106 10:26 0.30 23.7 18.5 7.82 90.4 8.24 2991 1.5 0.88 
2 6/21/06 9:45 0.12 22.7 16.9 7.78 78.8 7.63 2908 1.4 0.69 

7127106 10:45 0.03 29.7 21 .7 7.71 73.9 6.08 2934 1.5 1.52 

8/17/06 10:45 0.11 23.8 17.5 7.63 73.4 7.00 2824 1.4 2.1 

Dry 9/24/06 9:40 0.07 21.6 15.1 7.60 70.5 7.03 2949 1.5 0.93 

Canyon 4/1/06 13:15 0.69 25.4 15.9 7.66 87.5 9.10 1850 0.9 # 

4/29/06 10:50 0.40 20.4 15.2 7.64 71.0 6.79 2657 1.3 7.7 

5/31/06 12:29 0.10 31 .9 18.0 7.67 85.0 8.01 2517 1.3 5.98 

SM- 6/6/06 11 :00 0.20 24.4 19.5 7.71 75.7 6.96 2206 1.1 4.83 
3 6/21/06 10:30 0.17 23.0 18.5 7.67 78.5 7.32 2053 1.0 5.97 

7127106 11 :12 0.19 29.3 23.0 7.65 66.7 5.83 1784 0.9 4 .01 

8/17/06 11 :00 0.13 24.2 19.4 7.54 72.3 6.72 1780 0.9 3.45 

9/24/06 10:07 0.28 19.6 17.6 7.62 72.2 6.96 1739 0.9 4.77 

Topanga SM- 5/31/06 12:48 0.08 34.2 19.2 7.50 69.1 6.68 3080 1.5 4 .73 
Canyon 7 

6/21/06 # # # # # # # # # # 

7127106 11 :40 0.02 31 .0 22.5 7.26 53.4 5.04 3182 1.6 15 

8/17/06 11:35 0.02 25.3 20.3 7.25 58.5 5.37 3105 1.6 45.5 
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Site 
Measured 

Tair Twater 0 2 0 2 Cond Watershed Date Time Flow pH ID 
(ft3/s) 

(C•) (C•) (%) (rng/L) (uS/cm) 

9/24/06 10:27 BDL 22.6 18.8 6 .91 37.2 3.51 3437 

4/1/06 14:10 0.4 25.1 18.6 8.30 105.5 10.00 1604 

4/29/06 11 :37 0.12 21 .2 17.8 8.31 105.5 10.34 1758 

5/31/06 1:20 DRY 

SM- 6/8/06 # DRY 
4 6/21/06 11 :11 DRY 

7127106 # DRY 
Caballero 
Canyon 8/17/06 # DRY 

9/24/06 11 :03 DRY 

5/31/06 13:25 0.20 33.1 23.2 7.98 48.6 3.96 1140 

6/21/06 # # # # # # # # 
SM-

8 7127106 12:24 # 31 .8 25.9 7.95 59.0 4.78 853 

8/17/06 12:17 0.02 25.5 22.9 7.76 69.3 6 .10 975 

9/24/06 11 :06 0.11 24.9 20.8 7.69 50.8 4 .55 1106 

Explanation of Abbreviations: 
# No data collected for this parameter. 
BDL Below Detectable limits. Flow rate or water level insufficient for an accurate 

measurement. 
DRY Dry streambed, no water to investigate. 
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Salinity Turbidity 
(ppt) (NTU) 

1.7 85.7 

0.8 # 

0.9 0 .71 

0.6 3.69 

# # 

0.4 9.21 

0.5 3.16 

0.6 5.17 



Appendix E: Santa Susana Field Laboratory Bell Canyon Outflows (Boeing 2006b) 

Site 
Measured 

Tair Twater 0 2 0 2 Cond Salinity Turbidity 
Watershed 

ID 
Date Time Flow (Co) (Co) pH 

(%) (rng!L) (uS/cm) (ppt) (NTU) 
(ft3/s) 

Outfall 
Bell 001 3/28/06 # 0.093 # 18.9 7.6 # # 500 300 18 

Canyon Outfall 
002 3/28/06 # 7.6 # 13 7.6 # # 900 490 2.9 

Explanation of Abbreviations: 
# No data collected for this parameter. 
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Appendix F: Monitoring Site Location Maps (in order of sampling, NAD83 datum) 

Bee Canyon: SS-1 
SS-18 

' I 
' \ 

55 · 18 

' ' ~ 

N34.31121 , Wl 18.51355 
N34.31445, Wl 18.51624 

\ 

' ' I 
I 
I 

' I 

(one inch = 800 feet) 
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Aliso Canyon: 

Limekiln Canyon 

SS-2 

SS-3 

~ , 
, 

I 

• 
' • , 

N34.29767, Wl 18.54028 

_, - ' I ' 

' ' I ~ 

I 

• 
' ' 

(one inch = 400 feet) 

U · 2 ' 

' 

N34.29557, Wl 18.55182 

(one inch = 200 feet) 
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Limekiln Canyon: 

Brown's Canyon: 

SS-4 

SS-15 

N34.28331, Wl18.56383 

' 
, , 

I 

• 
I 
I 

I , 

(one inch = 400 feet) 

N34.30573, Wl 18.60115 

'Brown's Canyon Rd 

MAK 
HERE 

(one inch= JOO feet) 
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Brown' s Canyon 

Brown's Canyon 

SS-7 
SS-8 

SS-17 

N34.28678, W118 .59184 
N34.28685, Wl 18.59203 

(one inch = JOO f eet) 

N34.28382, Wl 18.59007 

(one inch = 100 f eet) 
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Devil's Canyon SS-13 
SS-20 

Santa Susana Wash SH-6 

N34.27698, WI I 8.59543 
N34.27724, WI I8.59628 

(one inch = 200 feet) 

N34.27238, WI I8.62040 

(one inch = 800 feet) 
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Upper Box Canyon SH-2 

Lower Box Canyon SH-7 

MRK 
HEllE 

SH-7 

N34.24330, Wl 18.65143 

(one inch = 100 feet) 

N34.23472, Wl 18.64534 

(one inch =400 feet) 
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Bell Canyon 

McCoy Canyon 

SH-10 
SH-12 

SM-1 

N34.20663, Wl 18.66483 
N34.20427, Wl 18.66264 

(one inch = 200 f eet) 

N34.15459, Wl 18.63984 

(one inch = JOO feet) 
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Park Sorrento 

Tennis 
Courts 



Dry Canyon SM-2 N34.13553, W118.63174 

(one inch = 200 feet) 

Dry Canyon SM-3 N34.13759, Wl 18.62492 

Calabasas High School Football Field 

<- to Old TOJ>onpa CaoYon Rd 

(one inch = JOO feet) 
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Topanga Canyon 

Caballero Canyon 

SM-7 

SM-4 
SM-8 

N34.15060, W118.60513 

(one inch = JOO feet) 

N34. I 4205, WI 18.54050 
N34.I4243 , NI I8.54045 

I 

" I 
I 

' I 
I 
I 
I 

(one inch = 100 f eet) 
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