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California State University, Northridge 

ABSTRACT 

Aquifer Characteristics and Hydrostratigraphy of the South Las Posas Basin, 

Ventura County, California 

By KendaL. Neil 

Master of Science in Geology 

A hydrogeologic assessment was performed to study the aquifer characteristics 

and hydrostratigraphy of the South Las Posas Basin (SLPB), which is one of three Las 

Posas Valley groundwater sub-basins. The SLPB is located within the Calleguas Creek 

Watershed in southeastern Ventura County, California and encompasses an area of 

approximately 10,560 acres (16.5 sq. miles). Over 90% of SLPB groundwater demands 

are met through the State Water Project and supplied by Calleguas Municipal Water 

District (CMWD), which is not a sustainable solution for the SLPB and surrounding Las 

Posas Valley. 

In order to assist with better basin management and planning, a comprehensive 

characterization of the SLPB, a potential groundwater source for the Las Posas Valley, 

was initiated. The purpose of this research was to further characterize the SLPB aquifer 

system, which included assessing surface and groundwater in an area along Arroyo Simi 

and spanning the Simi Fault, analyzing Las Posas Valley groundwater levels, developing 

the SLP basin hydrologic budget, and delineating the hydrostratigraphic units in two

dimensions (2D) and three-dimensions (3D) horizontally and vertically. 

Arroyo Simi surface water and groundwater sampling indicates that the Simi 

Fault may act like a barrier to groundwater flow based on elevated sulfate concentrations 
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and other elevated inorganic constituents (e.g. , chlorides) in surface water and 

groundwater. The SLPB is generally unconfmed, has a shallow water table, and 

groundwater levels fluctuate according to precipitation and pumpage patterns. Historic 

groundwater pumping has averaged about 1,700 acre-feet per year (AF/Y) since 1997, 

and has not exceeded safe yield estimated to range from 10,000 to 11 ,000 AF /Y. 

Hydraulic conductivity and transmissivity vary vertically among formations . For 

example, The Epworth Gravels and Fox Canyon sands have hydraulic conductivity and 

transmissivity values ranging from 2.8 to 28 ft/day and 200 to 400 ft2/day, respectively. 

Although the SLPB contains about 600,000 AF of groundwater, the basin was estimated 

to have about 90,000 AF (or 15%) of actual recoverable groundwater. 

Hydrostratigraphic unit delineation revealed eleven stratigraphic horizons 

including six aquifers and five aquitard/aquicludes in the basin. Structural data were not 

included in this study; however, the 3D hydrostratigraphic model shows a structural rise 

of the units in the north-central region of the basin, and we interpret this as evidence of a 

fold structure. 

These results m this study provide a better understanding of water quality, 

groundwater storage and hydrostratigraphy of the South Las Posas Basin. By 

incorporating these results into future studies conducted by local municipalities, 

stakeholders, water purveyors and other agencies, this information will assist with 

improving water resource management and providing a means to assess availability of 

new water resources as additional or emergency supplies during prolonged periods of 

drought. 
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1.0 INTRODUCTION 

Since the 1950s, southern California has been faced with many challenges such 

as droughts and an expanding population and economy that would eventually exhaust 

local water supplies. In 1960, Ventura County voters approved a ballot measure for 

Calleguas Municipal Water District (CMWD) to join Metropolitan Water District of 

Southern California (MWD) to gain access to the State Water Project which provides 

between one and four billion AF annual water deliveries to its customers in seven 

western States and Mexico. Of MWD's total water deliveries, an average of 100,000 

AF is supplied to CMWD. The CMWD, also referred to as "Calleguas" in this study, 

was established under the Municipal Water District Act of 1911 , is located within the 

watershed of the same name (e.g. , Calleguas Creek). 

Calleguas provides State water to over 500,000 residents in the Ventura 

County cities of Oxnard, Camarillo, Thousand Oaks, Simi Valley, and Port Hueneme, 

as well as surrounding unincorporated areas through 22 retail purveyors. The State 

water supplied to Calleguas represents about 70 percent of municipal and industrial 

(M&I) and agricultural (AG) uses, whereas the remaining 30% of demands are met by 

other agencies or private entities using untreated surface water, recycled wastewater, 

and groundwater withdrawn from various groundwater basins underlying the area 

(CMWD, 2005). 

Over the last decade, drought conditions and reduced State water supplies have 

put a strain on Ventura County water users, especially Las Posas Valley residents. In 

2008, MWD terminated its Interim Agricultural Water Program, which provided 

supplemental water for agricultural irrigation in the Las Posas Valley (Fox Canyon 



Groundwater Management Agency [FCGMA], 2009). In 2009, the FCGMA, which 

manages groundwater use and allocation for the seven major groundwater basins 

within. Ventura County, imposed Emergency Ordinance-D, which imposes a 

temporary moratorium on new well construction and provides an upper limit on 

extraction allocation for all three Las Posas Valley groundwater sub-basins (East Las 

Posas, West Las Posas and South Las Posas) (Figure 1) pending development ofthese 

sub-basin management plans. 

1.1 Background and Purpose 

In conjunction with moderate demand for additional water service connections 

m the service area and pending development of the Las Posas Valley sub-basin 

management plans, CMWD is considering the SLPB to be a potential supplemental 

groundwater source. In the SLPB, water demands include approximately 95% for 

agricultural and 5% for municipal and industrial, however, these percentages vary 

slightly from year to year depending on blending with water from other local sources 

resulting from degradation of groundwater quality. Currently, over 90% of their 

groundwater demands are supplied through the State Water Project. 

Because of ongoing efforts by Calleguas and other local water agencies and 

stakeholders to import less water and utilize more local water resources, Calleguas is 

researching alternative groundwater sources. Since the SLPB is being considered as a 

potential groundwater source for Calleguas' Las Posas Basin Aquifer Storage and 

Recovery (LPB ASR) program, the Ventura County Watershed Protection District 

(VCWPD) suggested this research to gain a better understanding of the aquifer 

characteristics and hydrostratigraphy of the SLPB, Ventura County. 
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Figure 1. Las Posas Valley groundwater sub-basins: East Las Posas, West Las Posas and 
South Las Posas, all located in Ventura County, California (Source: VCWPD, 2007). 

The purpose of this study is to evaluate the aquifer characteristics and 

hydrostratigraphy of the South Las Posas Basin. It also provides an analysis of the Las 

Posas Valley groundwater levels, calculation of the hydrologic budget to determine 

storage, and an evaluation of overall spatial and temporal trends in groundwater 

quality within the water-bearing units. Previous studies (Evenson, 1997; Tabidian, 

1997) documented that the Simi Fault, which transects the Arroyo Simi, a Calleguas 

Creek Watershed tributary located at the eastern end of the SLPB, may affect local 

groundwater flow/quality. Aquifer characteristics such as well yield and hydraulic 

conductivity were analyzed to provide insight into groundwater flow through geologic 

materials. Hydrostratigraphic analyses provided information on aquifer thickness and 

lithology for water productivity. This research builds on and integrates previous work 
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and existing studies on the Las Posas Valley groundwater sub-basins. For this study, 

the specific objectives include: 

• To examine both shallow and deep groundwater quality of the South Las Posas 
Basin; 

• To examine groundwater quality differences between the East Las Posas Basin 
and South Las Posas Basin; 

• To determine if the Simi Fault has any impact on groundwater quality or 
groundwater flow by collecting surface water and groundwater samples on east 
and west side of fault; 

• To develop a South Las Posas Basin hydrologic budget to estimate change in 
storage; 

• To determine aquifer characteristics for the South Las Posas Basin aquifer 
system, which includes groundwater storage, well yield, safe yield, hydraulic 
gradient, hydraulic conductivity, groundwater discharge, transmissivity; and 

• To delineate and visualize the SLPB hydrostratigraphy in two dimensions (2D) 
and three dimensions (3D) both laterally and vertically. 

1.2 Scope and Study Area Description 

The study area encompasses 16 mi2 (10,560 acres) in western southern 

California in the southeastern portion of the Cities of Moorpark and Simi Valley, 

Ventura County and lies within the larger Calleguas Creek Watershed (CCW), which 

encompasses an area of approximately 350 mi2 (219,520 acres) (Figure 2). The 

northern watershed divide is formed by a continuous ridge with sectional name 

designations being the Santa Susana Mountains at the eastern end, South Mountain on 

the west end, and Oak Ridge in the central portion immediately north of the basin. The 

eastern and southern watershed boundaries are distinguished by the Simi Hills and 

Santa Monica Mountains (Figure 2) (Larry Walker Associates, 2007). 
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Figure 2. Study area encompasses the Cities of Moorpark and Simi Valley, Ventura County and is located within the larger Calleguas Creek 
Watershed (Source: Magney, 2005). 



In Figure 3, three focus areas were evaluated within the Calleguas Creek 

Watershed in this study: (1) the South Las Posas Basin; (2) the Arroyo Simi area in 

the vicinity of the Simi Fault, located in the eastern region of the SLPB between 

Moorpark and Simi Valley; and (3) the Las Posas Valley groundwater sub-basins. Las 

Posas Valley groundwater quality and groundwater elevation comparisons were 

completed between the three Las Posas Valley groundwater sub-basins. 

Calleguas Municipal Water District owns and operates the Las Posas Basin 

Aquifer Storage and Recovery (LPB ASR) Program, which is located in the East Las 

Posas Basin (ELPB) within the Las Posas Valley, Ventura County. Because of the 

location of two additional Las Posas Valley sub-basins (South Las Posas and West Las 

Posas), which are located east and west of the ELPB, Calleguas has explored the 

feasibility of incorporating one of these two sub-basins into the LPB ASR Program. 

This project stores surplus groundwater in local aquifers so that it will be available for 

later use, a practice known as conjunctive use. The water originates from northern 

California and helps ensure adequate emergency supplies (CMWD, 2005). 

In this thesis, the term "arroyo" refers to the Arroyo Simi only and not Arroyo 

Las Posas, unless otherwise specified. The term "basin" refers to the South Las Posas 

Basin specifically, unless referred to specifically. The term "watershed" refers to 

Calleguas Creek Watershed (CCW), which is the primary watershed within Ventura 

County. 
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2.0 HYDROGEOLOGIC SETTING 

The hydrogeologic setting provides the context for understanding the study 

area and includes information on climate, land use, hydrology, geology and 

hydrogeology. 

2.1 Climate 

The study area is characterized by a Mediterranean climate with average winter 

temperatures that generally range from 40°F to 60°F, whereas summer temperatures 

range from 70°F to 90°F. Rainfall occurs mainly between January and March and 

varies dramatically as a result of El Nifio/La Nifia global weather patterns (CMWD, 

2004). The Pacific Decadal Oscillation ocean trend causes longer-lasting El Nifio 

episodes (wetter winters) and shorter La Nifia episodes (drier winters) (Stolz, 2007). 

In the SLPB, annual rainfall varies dramatically as a result of these El Nifio/La Nifia 

weather patterns. Under normal conditions, the SLPB receives an average of 15 

inches per year (VCWPD, 2010). However, since 1988, the highest recorded rainfall 

was 35.04 inches in 2005, whereas the lowest rainfall was 5.4 inches in 2007. These 

seasonal fluctuations in rainfall have significant effects on the volume of in-stream 

flow throughout the watershed (CMWD, 2004). 

Since 1999, southern California has been m a drought according to many 

climatologists and other experts. The drought is expected to continue and widen across 

the region potentially reaching a 25- to 40-year drought cycle. Climatologists with the 

National Oceanographic and Atmospheric Association (NOAA) have indicated that 

because of warmer temperatures in the Southwest over the last 30 years, they expect 

higher plant transpiration, with lower levels of soil moisture and recurring drought 
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(Stolz, 2007). The drought is consistent with that overall pattern of higher 

temperatures. Out of 330 weather stations throughout California for the past 30 years 

for Climate Research, they found that annual high temperatures had risen nearly 2°F, 

and much faster in urban areas. 

2.2 Land Use 

The SLPB is sub-divided by the following land uses: urban (about 60%), 

agricultural (about 20%), and open space (about 20%) (Figure 4). The main crop 

types include avocado, citrus and row crops. The SLPB is bounded on the south by 

the Simi-Santa Rosa Fault system, on the east by the Happy Camp Canyon syncline, 

and to the north and west by the Moorpark Anticline (Plate 1 ). 

2.3 Geologic Setting 

2.3.1 Regional Geology - Las Posas Valley 

The Las Posas Valley groundwater basins are located in the western part of a 

physiographic region called the Transverse Ranges province (Turner and Mukae, 

1975; CH2MHill, 1993; Squires, 1997; Hitchcock et al. , 2001). This province extends 

for a distance of 300 miles ( 483 km), from the most westerly part of the southern 

California coast at Point Arguello in Santa Barbara County (near the town of 

Lompoc), to just beyond the eastern end of the Little San Bernardino Mountains in 

central Riverside County (Squires, 1997). R.T. Hanson (1998) described the Calleguas 

Creek Watershed as part of the tectonically active Transverse Ranges physiographic 

province in which the mountain ranges and basins are oriented in an east-west rather 

than the typical northeast-southwest trend in much of California and the western 
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United States (Squires, 1997; Izbicki and Martin, 1997; FCGMA, 2007). West

trending valleys and ridges, bound east-west striking thrust faults, reverse faults , and 

axial surfaces of folds also characterize this province (Dibblee, 1992; CH2MHill, 

1993). The north-south oriented shortening has resulted in folding and faulting of 

bedrock units forming valleys (e.g. , Simi, Ventura and Ojai Valleys) and uplands (e.g. , 

Santa Monica Mountains, the Simi Hills, Big Mountain, South Mountain, and 

Topatopa Mountains) (Leighton and Associates, Inc. , 1995). 

During the Pliocene and Pleistocene, north-south shortening resulted in 

tectonic tilting and folding of sedimentary rocks, causing uplift of mountain ranges 

and earthquakes associated with thrust faulting (Atwater and Ehrenspeck, 2000). 

Historical slip along the major faults in the area has had a significant impact on 

watershed development, erosion, sedimentation and mass wasting including mud and 

rock flows, landslides, and debris flows (Ventura County Resource Conservation 

District, 2007). In the SLPB, many of the surface exposures are concealed by 

deposition of recent Quaternary (surficial) deposits. Folds are bounded to the north by 

the Oak Ridge (thrust) Fault. 

During the Pliocene epoch, the sea boundaries shifted several times (Reed and 

Hollister, 1936; Saenz, 2002). A later regressive event was followed by a time of 

relatively widespread seas in which various sediments (clay, slit, and clayey sands) 

were deposited. These were followed by deposition of several hundred feet of coarser 

material (Lower Pleistocene age) (Saenz, 2002). 
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2.3.2 Local Geology - South Las Posas Basin 

The geology of the SLPB and surrounding Las Posas Valley has been well 

documented [CSWRB (1953), Turner and Mukae (1975), Dibblee (1992), CH2MHill 

(1993), lzbicki and Martin (1997), R.T. Hanson (1998), FCGMA (2007)]. Dibblee 

(1992) divided the basin geology into two main groups: (1) upper Cretaceous and 

Tertiary bedrock; and (2) Quaternary unconsolidated deposits (Hopkins, 2007; 

FCGMA, 2007). Dibblee (1992) further sub-divided the Quaternary formations into 

the Santa Barbara Formation, the Las Posas Sand Formation, the San Pedro Formation, 

and the Saugus Formation, all of the Pleistocene epoch, and unconsolidated alluvial 

and fluvial deposits of the Pleistocene to Holocene epoch (Plate 1 ). The Santa Barbara 

Formation and the lower part of the San Pedro Formation consist of shallow marine 

sand and gravel beds that were indicated as a separate formation, the Las Posas Sand. 

The upper part of the San Pedro Formation consists of lenticular layers of sand, gravel, 

silt and clay of marine and continental origin. The continental fluvial silt, sand and 

gravel deposits within the upper part of the San Pedro Formation are commonly 

referred to as the Saugus Formation. 

In the northern region of the SLPB, the basin is bounded by the Oak Ridge 

thrust fault, whereas the Simi Fault (Plate 1) forms the southern boundary of the basin. 

The Simi Fault is a reverse fault that strikes east-west and dips to the north at 75°. The 

Simi Fault is exposed for 40 km from Simi Valley to the Oxnard Plain, and has a slip 

rate of0.7 (+/- 0.3) mm/yr (Dibblee, 1992). 

The basin is composed mainly of Holocene-age alluvium and/or terrace 

deposits (sand, silt, clay and gravel) and colluvium from the surrounding formations 

12 



and mountain ranges (CMWD, 2004). Happy Camp Canyon (to the northeast) and 

other higher elevation tributaries also contribute large amounts of sediment and gravel 

to the basin and arroyo. The thickest, most extensive area is in the vicinity of 

Moorpark, where the alluvium consists primarily of up to 200 feet of sand and gravel 

and underlies about 5,100 acres (CSWRB, 1953). Near Somis and Camarillo the 

alluvium is only 40 to 80 feet thick, and consists mostly of silts and clays. Since most 

of these deposits are folded and it is extremely difficult to differentiate them from the 

underlying Santa Barbara Formation, they are considered part of the San Pedro 

Formation (CSWRB, 1953). The San Pedro Formation is up to 2,000 feet thick and 

consists predominantly of yellow, red, and blue silty clay, with lenticular sands and 

gravels. The Santa Barbara Formation underlies the San Pedro Formation and consists 

of up to 2,000 feet of clay, silt, sand and gravel. At the west end of Oak Ridge, the 

Santa Barbara Formation consists of clay and silt, but east of Bradley Road sand and 

gravel lenses become more common along the outcrop until in Happy Camp Canyon 

they predominate and these formations also thin to about 1,000 feet near Happy Camp 

Canyon (Plate 1) (CSWRB, 1953). 

2.4 Surface Water Hydrology 

The upper eastern region of CCW (and SLPB) is drained by the Arroyo Simi, 

an upper tributary 10.1 miles in length and within a watershed drainage area of 81.3 

mi2
. Downstream in Moorpark, Arroyo Simi then becomes Arroyo Las Posas, which 

is approximately 13.8 miles in length, and has a watershed drainage area of 84.5 mi2 

(CMWD, 2004). Arroyo Simi/Arroyo Las Posas (Figure 5) flows through Simi Valley 

and Moorpark then joins with Calleguas Creek downstream near the City of Camarillo. 
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Groundwater contributes to this creek system through seeps and springs, inter-

basin flow, discharge from several dewatering wells in the Simi basin, and runoff 

waters that enter Arroyo Simi/ Arroyo Las Posas. Dominant drainage runoff ultimately 

flows in a westerly-southwesterly direction towards the Pacific Ocean (Tabidian, 

2006). At the headwaters upstream of Simi Valley, the Arroyo Simi is unlined 

(natural streambed) as it passes through open space and recreational areas. Throughout 
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Figure 5. Major Calleguas Creek Watershed drainages and tributaries to Calleguas Creek 
(Source: California EPA, 20 I 0). 

Simi Valley, Arroyo Simi and its tributaries flow primarily through engineered 

concrete-lined or rip-rapped channels (Larry Walker Associates, 2004). 

Because of the geologic and hydrogeologic conditions along the arroyo, 

generally, the entire Calleguas Creek is considered an influent stream except during 

high-flow runoff events, leaving the Upper Calleguas Creek dry under all but heavy 
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precipitation conditions. The streambed may be dry, but the creek continues to flow in 

the subsurface for most of the year as shown by near continuous flows a couple of 

miles to the south of Calleguas Creek that begins below the U.S. Highway 101 as the 

groundwater flow rises over the clay cap of the Oxnard Plain and continues as a 

surface stream to Mugu Lagoon (FCGMA, 2007; Hopkins Groundwater Consultants, 

Inc., 2007). With the exception of Arroyo Simi near the western end of the Simi 

Valley, streams have historically been ephemeral in nature and catried water only 

during seasonal storm cycles. However, beginning in the late 1950s, and increasing in 

the 1970s, discharges of treated wastewater effluent into the arroyo and maintained 

nearly continuous flows along portions of the stream reaches. 

In the 1970s, when the Simi Valley Water Quality Control Plant (SVWQCP) 

began discharging to Arroyo Simi, the Arroyo Simi/ Arroyo Las Posas became a 

perennial stream that gradually flowed further downstream, and currently reaches the 

City of Camarillo (Larry Walker Associates, 2006). The SVWQCP (Figure 6) 

discharges between 8 and 10 million gallons per day (mgd) of treated wastewater 

directly to the Arroyo Simi in western Simi Valley under a permit from the 

LARWQCB, whereas the Moorpark Wastewater Treatment Plant (MWTP), a few 

miles downstream to the west (Figure 6), discharges roughly one mgd primarily to 

several percolation ponds near Arroyo Las Posas in Moorpark. Direct wastewater 

discharge from the MWTP to Arroyo Las Posas occurs only during extremely wet 

periods. Various CCW streams have historically collected storm water from the 

alluvial-filled valleys and delivered that water to the southeastern portions of the 

Oxnard Plain and eventually the Pacific Ocean via Calleguas Creek. 
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Figure 6. Map of wastewater treatment plants located within the South Las Posas Basin: 1) Simi Valley Water Quality Control Plant (upstream), 
and 2) Moorpark Wastewater Treatment Plant (downstream) (Source: CMWD, 2005). 



2.5 Groundwater Hydrology 

There are eight major groundwater basins within Ventura County (Figure 7) 

within the FCGMA boundary and under the FCGMA jurisdiction, of which the SLPB 

provides only one per cent of the annual groundwater extraction for the County: 

1. South Las Posas 
2. East Las Posas 
3. West Las Posas 
4. Mugu Forebay 
5. Santa Rosa 
6. Oxnard Forebay 
7. Pleasant Valley 
8. Oxnard Plain 

Although the SLPB provides a small portion of total groundwater extracted in Ventura 

County, groundwater is the main water source within the basin (FCGMA, 2007). In 

the entire Ventura County region, approximately 66% of water sources are obtained 

from local aquifers, and 68% of water use is for agricultural purposes. On average, 

water users in the SLPB receive 90% imported water and utilize only about 10% of 

their local groundwater. However, at present, current basin water demands are for 

agricultural (93.4%) and municipal and industrial (6.6%) activities (FCGMA, 2007). 

The average annual groundwater extraction for the SLPB has been approximately 

1,700 AF for the past 10 years (FCGMA, 2007). 

17 



Figure 7. Eight major groundwater basins located within Ventura County (FCGMA,2007). 

2.6 South Las Posas Basin Aquifer System 

The SLPB is divided into two major aquifer systems, the Upper Aquifer 

System (UAS) and the Lower Aquifer System (LAS) (FCGMA, 2007). The UAS is 

comprised of two shallow unconfined aquifer units, alluvium and Epworth Gravels 

aquifers, whereas the LAS is comprised of two deeper semi-confined to confined 

units, the Fox Canyon and Grimes Canyon aquifers. The Fox Canyon aquifer is 

further divided into three sub-members: Late Fox, Middle Fox and Main Fox, which 

are separated by confining to semi-confining clay layers (FCGMA, 2007). 

Most recharge to the UAS occurs as a result of infiltration of surface water 

from arroyos. The source of recharge water is primarily from treated wastewater and 

minor recharge occurs through irrigation return flow. 
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2.7 Groundwater Development and Wells 

In the mid-1900s, at the beginning of the valley' s development, use of spring 

water for irrigation was more common than water wells (Tabidian, 1997). In 1997, 

the City of Simi Valley developed an effective dewatering project that was composed 

of five pumping wells and an array of observation wells to monitor the system. 

Through these five dewatering wells, the Simi Valley Sanitation District continuously 

pumps about 1,000 to 2,000 gallons of water per minute (gpm) and discharges the 

pumped water directly into Arroyo Simi. 

There have been approximately 200 wells installed in the SLPB since the early 

1900s. The wells were either privately owned (primarily for agricultural purposes) or 

owned by different water purveyors. Of the 200 wells drilled, only about 24 to 30 

wells remain and are considered active wells (delineated with red dots) and are located 

in the southern portion of the basin (Figure 8). Generally, the existing well depths 

range from approximately 300 to 1,000 feet and are developed in the lower portion of 

the UAS (e.g., Epworth Gravels) and the LAS with most of the wells screened over 

50% of the well depth and more than one aquifer. 

19 



Active Wells In the South Las Posas Groundwater Basin 

0 045 0 9 1 8 27 36 
- ==--==----====----WFifS 

• aciNeWens 

?_,-_ Centerline 

- Main Roads 

Figure 8. Location of active groundwater wells (shown with red circles) within the South Las 
Posas Basin boundary (shown in green). Four adjacent groundwater basins are also shown 
here (Source: VCWPD, 2007). 

2.8 Groundwater Use and Management 

Groundwater use is regulated by the FCGMA in the Oxnard Plain Pressure 

Basin, the Oxnard Forebay Basin, the Pleasant Valley Basin, the western portion of the 

Arroyo Santa Rosa Basin, and all three of the Las Posas Valley sub-basins. 

Furthermore, within the study area and Ventura County, numerous agencies are 

involved in groundwater management, which adds a level of complexity to the 

decision-making process related to groundwater use and/or management. Table 1 

illustrates these Ventura County agencies and their area of responsibility for 

groundwater management. 
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Table 1 - Ventura County Agencies Responsible for Groundwater Management 
Ventura County Agency or Resj.)onsible Party_ 

Agency FCGMA VCWPD UWCD CMWD 
Function 

Groundwater 
Level X X X 

Monitoring 
Groundwater 

X X 
Sampling 

Groundwater 
X X 

Management 
Groundwater 

Extraction 
X X 

Records and 
Allocation 

Well Drilling, 
Destruction 

X X 
and 

Permitting 
Water 

Conservation X 
Facilities 

Basin 
Groundwater 

X X 
Management 

Plans 
Annual 

Groundwater X X 
Reports 

FCGMA =Fox Canyon Groundwater Management Agency 
VCWPD =Ventura County Watershed Protection District 
UWCD =United Water Conservation District 
CMWD = Calleguas Municipal Water District 

X 

X 

X 

X 

Water 
Purveyors 

X 

X 

X 

Las Posas 
Users Group 

X 

X 

The Las Posas Users Group, which is a stakeholder advisory committee to 

Calleguas, meets monthly to discuss water quality management and water use for the 

Las Posas Valley groundwater sub-basins. This Group is comprised of local water 

purveyors (not listed here), FCGMA, United Water Conservation District (UWCD), 

VCWPD and Calleguas personnel and are currently developing sub-basin specific 
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management plans for each of the Las Posas Valley sub-basins. The main objectives of 

these plans include the following: 

1. Develop a safe yield groundwater management plan that keeps pumpers on 
the basin. 

2. Provide for the sustainable operation ofCalleguas ' LPB ASR Program. 

3. Develop and reclaim saline groundwater in the South and East Las Posas 
Basins to supplement existing groundwater supplies. 

4. Integrate groundwater management within a regional context that includes 
inflows from Simi Valley and is consistent with the Salts TMDL. 

Drought conditions and reduced State water supplies have put a strain on Las 

Posas Valley water users . In 2008, MWD terminated its Interim Agricultural Water 

Program, which provided supplemental water for agricultural irrigation in the Las 

Posas Valley (FCGMA, 2009). In 2009, FCGMA also released their Emergency 

Ordinance-D, which "imposes a temporary moratorium on construction of new wells 

and to provide an upper limitation to efficiency extraction allocation within all three 

Las Posas Valley sub-basins pending development of the basin-specific management 

plans". 

2.9 Calleguas Creek Watershed Water Quality 

Calleguas Municipal Water District (CMWD) regulates water quality in the 

SLPB through a sub-committee of members. The CCW Committee focuses its efforts 

on removal of existing salts from water sources within the watershed and local 

groundwater basins through implementation of their CCW Management Plan (2004). 

Since the 1970s, the watershed has experienced an overall decline in water 

quality, particularly an increase in salinity in both surface water and groundwater, 
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thereby forcing some local users to blend their poorer quality water with imported 

better quality water (CMWD, 2005). Within CCW, surface water bodies have been 

impacted by water quality impairments from increases in urban and agricultural runoff 

and wastewater treatment discharges. 

Several of the Calleguas Creek Watershed streams and tributaries are listed in 

the U.S. Environmental Protection Agency (US EPA) Clean Water Act (CWA) 

Section 303(d) list of Impaired Waters in the Los Angeles Basin Plan (Los Angeles 

Regional Water Quality Control Board [LARWQCB], 1994). For each water body 

pollutant, a Total Maximum Daily Load (TMDL) was developed to achieve 

compliance with water quality standards. The CW A requires that TMDLs be 

developed to restore 303(d) listed waterbodies and the State of California Porter

Cologne Water Quality Act requires that an Implementation Plan be developed to 

achieve WQOs. As a result, Calleguas implemented the TMDL Monitoring Program 

and manages the watershed through the implementation of their CCW Management 

Plan (2004). ,In the plan, Arroyo Las Posas/Arroyo Simi is identified as Calleguas 

Creek Reach 6 and 7 with boron, chloride, sulfates and total dissolved solids (TDS) as 

the primary pollutants impairing the waterbodies. 

The LARWQCB, Region 4, is responsible for regulating groundwater and 

surface water quality objectives (WQOs) in Ventura and Los Angeles Counties. These 

WQOs, more commonly known as TMDLs, are numeric targets designed to protect 

and restore surface water and groundwater quality in the CCW by controlling the 

loading and accumulation of salts (LAR WQCB, 2005). 
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To mitigate high TDS and other salts in the CCW and its tributaries, the 

Calleguas Regional Salinity Management Pipeline (SMP) is under construction. The 

purpose of the pipeline is to collect: 

• concentrate from demineralization of brackish water for M&I and AG 
purposes; 

• concentrate from demineralization of potable water for high-tech 
industrial purposes; and 

• excess high quality recycled water for municipal wastewater treatment 
plants 

The SMP will then convey the flows to other areas for beneficial re-use or, when there 

are insufficient demands for re-use, ocean discharge. By treating groundwater to 

remove salts and keep those salts out of surface waters, Ventura County water districts 

not only solve a water quality problem, but also improve local water supply reliability. 

Since SLPB groundwater is used for drinking water purposes, Title 22-based 

limits are used to protect that drinking water supply. Two to four of about 30 active 

wells in the basin are randomly selected and sampled annually as representative of the 

entire basin. These wells are sampled and analyzed for general minerals, pH, eC and 

TDS. Occasionally, specialized tests for heavy metals (e.g. , chromium) and 

radiochemistry (e.g. , gross alpha and uranium count) are added as random checks and 

special studies. These groundwater results are published in the annual VCWPD' s 

Groundwater Sampling Study. For M&I purposes, water samples must meet 

California EPA Maximum Contaminant Levels (MCLs) for analyzed constituents 

(VCWPD, 201 0). 
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3.0 PREVIOUS WORK 

Since the early 1950s, there have been numerous hydrogeologic studies in the 

SLPB and surrounding Las Posas Valley. Documents spanning a time period from 

1953 to 2007 were reviewed as background information pertaining to the study area. 

Hydrologically, the Las Posas Valley was previously sub-divided into East and 

West Las Posas Basins (CSWRB, 1953) and North and South Las Posas Basins 

(Turner and Mukae, 1975). However, R.T. Hanson (1998) further divided the Las 

Posas Valley into the East, West and South Las Posas (groundwater) basins. In 1980, 

California Department of Water Resources (DWR) identified the SLPB as No. 4-8 in 

Bulletin No. 118-80. This Bulletin was designed to divide California groundwater 

basins into sub-basins based on geologic or political considerations. These changes 

resulted in the identification of 447 groundwater basins, sub-basins, and areas of 

potential groundwater storage within California (DWR, 1980). 

The California State Water Resources Board (CSWRB) (1953) provided the 

first comprehensive descriptions of the hydrogeology and groundwater resources of 

Ventura County groundwater basins. Their interpretations, which were based on 

limited data provide the best descriptions of the Ventura County aquifer system prior 

to extensive development. The CSWRB identified the productive aquifers which 

included the upper unconfined aquifer system (alluvium and Epworth Gravels), 

referred to herein as UAS, utilized locally for domestic and shallow irrigation 

groundwater production and two lower, confined to semi-confined aquifer systems 

(e.g., Fox Canyon and Grimes Canyon), referred to as the LAS (CSWRB, 1953; 

CH2MHill, 1993; FCGMA, 2007). 
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In addition to dividing the Ventura County aquifer systems into the UAS and 

LAS, the CSWRB (1953), Turner and Mukae (1975), CH2MHill (1993), Hanson et al. 

(2005), and FCGMA (2007) have documented that folding and faulting have a barrier 

effect on groundwater movement regionally (Ventura County) and locally (Las Posas 

Valley). For example, regional water level measurements taken by the FCGMA 

across the Oxnard Plain indicate the Simi-Santa Rosa Fault system likely extends in 

the subsurface trending southwestward from the western end of Camarillo Hills to 

Hueneme Harbor and a possible terminus or juncture offshore at a northern extension 

of the older Malibu Coast Fault. 

Within the Las Posas Valley, the SLPB is separated from the ELPB by an east

plunging anticline that affects all but the shallowest alluvium. Documented 

groundwater levels from the USGS (1997a,b) and FCGMA (2007) have shown that 

this fold may affect groundwater flow between the two basins. Furthermore, with the 

rising groundwater levels within the SLPB, these levels increase to a point where they 

spill over and recharge the ELPB. Likewise, the ELPB is separated from the West Las 

Posas Basin (WLPB) by a north-trending extension of the Bailey Fault system, across 

which groundwater levels differ by as much as 100 feet or more (CSRWB, 1953; 

FCGMA, 2007). The WLPB is isolated from the South and East Las Posas basins by 

this north-south trending fault, and is hydrologically connected to the Oxnard Plain 

Pressure Groundwater Basin at its western connection with the larger Oxnard Plain. 

In the 1990s, as Ventura County became more aware of the importance of 

groundwater use and storage, Izbicki and Martin (1997) evaluated the sources of 

groundwater recharge, the age of groundwater, and barriers to flow prior to injection 
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of imported water in the Las Posas Valley for computer model simulations of various 

groundwater management strategies as part of a larger study by the U.S. Geological 

Survey (USGS) ("RASA Study", 1998) to assess the regional aquifer characteristics in 

the southern portion of Ventura County. Their study showed that UAS water from 

wells near Arroyo Simi/ Arroyo Las Posas was isotopically lighter than water from 

other wells sampled and was similar to isotopic composition of arroyo water. In the 

SLPB, Carbon-14 and Tritium eH) age-dating indicated that the basin water from 

wells along an east to west flow path through the area ranged from at least 800 to more 

than 8,000 years. Increasing age in groundwater supplies proves very slow migration 

or underflow from east to west within the larger CCW and its various groundwater 

sub-basins. 

The UAS is composed of younger sediments with little to no deformation from 

folding and less dissections from faulting, whereas the LAS is composed of older 

sediments and are dissected into multiple sub-basins that are fault-controlled. The 

LAS exhibits more folding and are more dissected by faults with increasing age and 

depth (Izbicki and Martin, 1997; FCGMA, 2007). 

In the 1990s, because Ventura County water agencies and stakeholders were 

meeting to discuss the future of the County's groundwater resources, Ventura County 

groundwater basins (especially the Las Posas Valley) became the focus of several 

hydrogeologic investigations, which included groundwater modeling studies. 

CH2MHill (1993) and the USGS (1997b) produced groundwater (flow) models that 

included either a portion of or the entire Las Posas Valley. CH2MHill ' s study 

characterized the hydrogeology with a groundwater flow model, which was used to 
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determine aquifer characteristics. Their model results indicated that hydraulic 

conductivities range from 25 to 100 ft/day, and are the greatest in the south-central 

portion of the Las Posas Valley. Their groundwater flow model did not take into 

account any geologic structure within the Las Posas Valley. The USGS RASA Study 

( 1998), which spanned a period of almost 20 years, included groundwater-flow models 

for all Ventura County groundwater basins and summarized both historical and future 

groundwater-flow simulations. Several of the simulations included model for inflow 

and outflow for the Las Posas Valley sub-basins, showing current and future outputs 

with and without groundwater cutbacks. 

In the late 1990s, following the groundwater-flow model studies, Calleguas, 

VCWPD and FCGMA personnel shifted their focus to groundwater-surface water 

interactions, which included determining groundwater recharge along Arroyo 

Simi/ Arroyo Las Posas. Available data indicate that average annual groundwater 

recharge from the arroyo is likely in the range of 10,000 to 15,000 AF/Y (lzbicki and 

Martin, 1997; FCGMA, 2007). lzbicki and Martin (1997) documented that water from 

UAS wells located near the arroyo was isotopically lighter (from Carbon-14 and 3H 

age-dating) than water samples collected from other wells located farther away from 

the arroyo and was similar in isotopic composition of water in the stream. Water in 

the stream was a mixture of local water and imported water from the State Water 

Project (northern California) (lzbicki and Martin, 1997). Aquifer recharge is most 

notable along the Arroyo Las Posas downstream from Moorpark, where infiltration 

rates are between one and eight inches per hour. Tabidian (2006) documented that 

arroyo/stream aquifer interactions are weak along Arroyo Simi where bedrock units 
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with no or low porosities are near the surface or exposed sand and gravel deposits are 

limited. Hence, stream losses and gains are not likely as significant as in the central 

and western portions of Arroyo Simi. 

In 2007, Hopkins Groundwater Consultants, Inc. provided additional 

documentation on groundwater recharge from the arroyo and Calleguas Creek in an 

area they recently labeled the Pleasant Valley Basin (PVB) (downstream and west of 

the SLPB). Their findings indicate that flows in the arroyo are percolating into the 

streambed in a reach between Somis and Camarillo and recharging groundwater in the 

upper northeast portion of the PVB they called the Forebay area. This area at the 

headwaters of the PVB is more likely a subsurface drop structure or geologic step 

series created by uplift on the northern side of the east-west trending northern and/or 

southern Simi Faults where the arroyo crosses this subsurface barrier in its natural 

flow southward toward the Pacific Ocean (FCGMA, 2007). 

In order to comply with TMDLs and other water quality objectives in the Las 

Posas Valley, Hopkins Groundwater Consultants, Inc. (2007) completed a 

comprehensive investigation of surface water quality along Arroyo Las Posas. Their 

findings indicate that the arroyo water is predominantly of sodium calcium-sulfate 

chemical character with a specific conductance of 1,700 micromhos per centimeter 

(mmhos/cm), an average TDS concentration of 1,100 mg/L, and a high iron 

concentration of about 1 mg/L. 

Tabidian (2006) documented that water quality issues emerged in the western 

Simi Valley (and eastern SLPB) region as a result of land use changes from 

agricultural and ranching activities up until the 1950s, and later as a result of industrial 
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activities and fast urbanization. In addition, these land use changes affected 

groundwater levels, causing a drop in groundwater of over 100 feet by the mid-1900s. 

However, by the 1970s, through an increase in water importation, the western Simi 

Valley groundwater regime regained its pre-development steady-state position as 

stream/aquifer hydraulics was reversed. 
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4.0 MATERIALS AND METHODS FOR ANALYSES 

Data compiled and collected for this study include basin geology, hydrology, 

hydrogeology, water quality data, and other publicly available data from the VCWPD, 

USGS and local water agencies and consultants. This methodology included: 

1) Sampling and analysis of three Arroyo Simi surface water and groundwater 
sites in an area east and west of the Simi Fault to determine whether the fault 
has an impact on groundwater flow and/or water quality. Samples were 
analyzed for major inorganic constituents (e.g., general minerals); field 
parameters (e.g. , electrical conductivity, pH, dissolved oxygen and turbidity) 
were also collected and analyzed; 

2) Analysis of shallow groundwater upstream and downstream of the Moorpark 
Wastewater Treatment Plant (MWTP); general minerals and Title-22 metals 
were evaluated; 

3) Analysis of SLPB deep aquifer groundwater were evaluated for Total 
Dissolved Solids (TDS), chloride (Cr), nitrate (N03-) and sulfate (Sol -); 

4) Groundwater sampling and analysis of four ELPB Berylwood Heights Mutual 
Water Company (BHMWC) wells; ELP groundwater was also compared to 
SLP groundwater; general minerals and Title-22 metals were evaluated; 

5) A comparative analysis between SLP groundwater levels and additional two 
ELP and WLP sub-basin groundwater levels; 

6) Establishing a hydrologic budget for the basin to determine change in storage; 

7) Determination and evaluation of the following aquifer characteristics: 

• Groundwater volume 
• Well yield 
• Specific capacity 
• Safe yield 
• Hydraulic gradient 
• Hydraulic conductivity 
• Transmissivity 
• Groundwater discharge; and 

8) Visualization of the basin hydrostratigraphy in 2D and 3D 
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Geologic maps, cross sections, well logs (including electric logs), and personal 

communication with authoritative sources were also obtained. Wells were re-named 

with an abbreviated name based on the California State Well Numbering System 

(DWR, 2000). 

4.1 Arroyo Simi Surface Water and Groundwater Sampling and Analyses-
Simi Fault Area 

Surface water and groundwater sampling was conducted to determine the water 

quality along Arroyo Simi as well as determining if the Simi Fault creates a barrier or 

conduit for groundwater that discharges groundwater to the arroyo. In the eastern part 

of SLPB along Arroyo Simi, the sampling regime included both surface water and 

groundwater locations. Samples were collected between July 2008 and October 2009 

from Sites 1 through 5 and were strategically chosen to span the east and west side of 

the Simi Fault. Sampling Sites 1 through 5 (Figure 9) are summarized below and 

include a general location description: 

• Site 1 - groundwater discharged into the Arroyo Simi from a deep 
dewatering well ; located 500 ft above Madera Road bridge; 

• Site 2 - surface water; located 15 ft upstream from Site 2; 

• Site 3 - groundwater seep in the upper bank along Arroyo Simi and 
downstream from Madera Road bridge; 

• Site 4 - surface water; located 15 ft upstream from Site 3 in Arroyo 
Simi; and 

• Site 5 - surface water; located 1,000 ft downstream from the 
SVWQCP; 

During 2008 sampling, a spring was observed between Sites 1 and 4, and as a result of 

this observation, Site 6 (shallow groundwater spring located 500 ft downstream from 
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Madera Road bridge) was added to the sampling regime. To monitor and sample Sites 

3 (seep) and 6 (spring), shallow piezometers were installed at both locations to collect 

samples. The sampling locations (Table 9) included six sites, three sites (1 , 2, and 6) 

are east and three sites (3 , 4, and 5) are west of the Simi Fault. To clarify further, Sites 

1, 3 and 6 originate from groundwater sources, whereas Sites 2, 4 and 5 originate from 

surface water sources. 

Samples were collected during six sampling events approximately quarterly 

between July 2008 and October 2009. Hach instrumentation was used to measure the 

following field parameters for surface water and groundwater: pH, eC, DO, and 

turbidity. Grab samples were collected, stored and delivered to a State-certified 

laboratory in accordance with all laboratory and industry protocols for analyses. Field 

data sheets are presented in Appendix A (on enclosed CD) and Arroyo Simi laboratory 

reports are presented in Appendix B (on enclosed CD). 
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Figure 9. Arroyo Simi surface water and groundwater sampling Sites 1 through 6. Refer to Plate 1 for geologic units 
(map modified after Dibblee, 1992). 



4.2 South Las Posas Basin Shallow Groundwater Analyses 

Moorpark Wastewater Treatment Plant (MWTP) personnel own and operate 

the plant in central Moorpark, California. Because limited shallow wells are located 

within the basin, it was decided to use their previously collected groundwater data for 

this study. Groundwater samples from three MWTP wells (MW-1 [upgradient], MW-

2 [downgradient], MW-3 [intermediate]) were collected between 2002 and 2009. 

These wells are routinely sampled bi-annually (211
d and 4th Quarter) for General 

Minerals and annually for Total Metals (4th Quarter). All three wells range from 35 to 

50 ft bls and are located near the MWTP and north of Arroyo Las Posas (Figure 1 0). 

TDS concentrations for the three MWTP were plotted on a time-series graph. In 

addition, an overall assessment of historical groundwater data between 2002 and 2009 

was also conducted. 
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Figure I 0. Location of three shallow Moorpark Wastewater Treatment Plant wells MW-1 , 
MW-2, and MW-3 (Source: MWTP, 2007). 
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4.3 South Las Posas Basin Deep Groundwater Analyses 

Because the VCWPD and other agencies have sampled the SLPB periodically 

over the last several years, additional groundwater sampling was not necessary; 

however, an assessment of 2007 and 2008 groundwater results for TDS, nitrate, sulfate 

and chloride was conducted to determine if any temporal or spatial water quality 

trends exists within the SLPB. During 2007 and 2008, only three wells 

(2N19W07B02, 2N19W07D02 and 2N19W08H02) were sampled by the VCWPD and 

are shown on Figure 11. Historical SLPB groundwater data are shown in Appendix D 

(on enclosed CD). 
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Figure 11. South Las Posas Basin wells used for groundwater analyses (Source: FCGMA, 
2007). 
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4.4 East Las Posas Basin Groundwater Sampling and Analyses and 
Comparison to South Las Posas Basin Groundwater 

Previous studies by CH2MHill (1993) and FCGMA (2007) concluded that the 

ELPB and SLPB are hydraulically connected due to a structural rise (anticline) and 

rising groundwater levels. To observe any hydraulic connection, in 2009, four 

Berylwood Heights Mutual Water Company (BHMWC) agricultural wells 

(3N20W34K01 (Well #1), 2N20W02D02 (Well #2), 2N20W03B01 (Well #3), and 

2N20W03H01 (Well #4), which are located in the ELPB and near the western 

boundary of the SLPB (Figure 12), were sampled and analyzed for General Minerals 

and Total Metals. A comparative analysis between ELP and SLP TDS concentrations 

in groundwater is also provided in this study. 
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Figure 12. Location of four Beryl wood Heights MWC groundwater wells in the East Las 
Posas Basin near the western South Las Posas Basin boundary (Source: FCGMA, 2007). 

37 



4.5 Las Posas Valley Groundwater Level Analyses 

In the Las Posas Valley, the fluctuations in groundwater have been attributed to 

the increase in recharge through percolation of arroyo water, originated from 

wastewater treatment plants and the groundwater dewatering project in Simi Valley 

(FCGMA, 2007). In 1993, CH2MHill documented groundwater fluctuations by 

analyzing Las Posas Valley water levels. Las Posas Valley wells (Table 2) are 

screened exclusively in the deeper Fox Canyon and Grimes Canyon aquifers and are 

shown on Figure 13. 

T bl 2 L P a e - as osas VII WIIU d A a ey e s se to natyze G roun d water L eves 

Basin Name Well ID Aquifer Name 
Well Depth 

(ft bgs) 
East Las Posas 2N20W01M01 Fox Canyon 650 
East Las Posas 2N20W03K02 Grimes Canyon 794 
East Las Posas 2N20W10D02 Grimes Canyon 1,097 
East Las Posas 2N20W10G01 Grimes Canyon 890 
East Las Posas 3N20W34G01 Grimes Canyon 1,011 
West Las Posas 2N20W06R01 Grimes Canyon 1,512 
West Las Posas 2N21W12H01 Grimes Canyon 1,784 
West Las Posas 2N20W06N01 Grimes Canyon 1,385 
West Las Posas 2N20W08F01 Grimes Canyon 1,442 
West Las Posas 2N21W09D02 Grimes Canyon 1,000 
South Las Posas 2N19W08H02 Fox Canyon 310 
South Las Posas 2N19W05K01 Fox Canyon 528 
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Figure 13. Location of Las Posas Valley wells used to analyze groundwater elevations over 
time (Source: FCGMA, 2007). 

4.6 South Las Posas Basin Hydrologic Budget Development 

The method used to develop this hydrologic budget is similar to the USGS 

methodology (USGS, 2007). This information will be used to help quantify the 

change in storage (as either a surplus or deficit). According to the USGS (2007), the 

water budget formula for a small groundwater basin is expressed as: 

IJ.S = P + Qin - ET- Qout (1) 

where: 

P is precipitation, inches 
Qin is water flow into the basin, inches 
ET is evapotranspiration, inches 
.6.S is change in water storage, inches 
Q0111 is water flow out of the basin, inches 
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For the final hydrologic budget summary, all values (in inches) were multiplied by 

basin acres (1 0,560) to obtain total in acre-feet (AF). The parameters (e.g. , inflows 

and outflows) for this budget are listed below and are presented in Figure 14: 

Inflows include: 
• Precipitation 
• Surface inflow (includes treated wastewater discharges) 
• Subsurface inflow 
• Basin imports 

Outflows include: 
• Evapotranspiration (ET) 
• Surface outflow 
• Subsurface outflow 
• Groundwater extraction 
• Basin exports 

Many groundwater budget parameters are measured directly, whereas other parameters 

can be estimated from the aquifer characteristics and measured groundwater level data 

(Fetter, 1994). This hydrologic budget was calculated based on annual data averages 

over 11 years (1997 to 2007) to incorporate both wet and dry years. All inflows and 

outflows were converted to AF and tabulated in Excel for simplified calculations. 
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Figure 14. Illustration shows inflows and outflows used to estimate the basin hydrologic budget for the South Las Posas Basin (Aerial 
photo: CMWD, 2007). 



Annual precipitation values (in feet) were used from one local rain gauge 

(Moorpark Fire Station No. 141-141 A) located within the basin (Figure 15). Annual 

totals were multiplied by the area of the entire basin (10,560 acres). 

Figure 15. County-monitored rainfall gauge 141-141 A located at Moorpark Fire Station, 
Ventura County (VCWPD, 2010). 

To measure surface inflow (streamflow), a County-monitored gauging station 

(No. 803) that is located at the eastern boundary of the basin (Figure 16) was used to 

collect streamflow data. Gauge No. 803 has an active and automatic data recorder and 

radio transmitter that collect rainfall and stream information for the Ventura County 

ALERT network (FCGMA, 2009). Inflow measurements are recorded in cubic feet 

per second (cfs) and are publicly available on the VCWPD Web Portal with monthly 

and annual averages in both cfs and AF. Monthly average surface inflow totals in AF 

from 1997 to 2007 were tabulated and incorporated into the basin hydrologic budget. 

To tabulate surface outflow (streamflow) leaving the basin, Station No. 841 

was used to collect outflow (streamflow) data. Station No. 841 (Figure 16) is located 

at the western boundary of the basin and has an active and automatic data recorder and 

radio transmitter that together record rainfall and stream information for the Ventura 
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County ALERT network (Panaro, 1998). Outflow measurements are recorded in cfs 

and are publicly available on the VCWPD Web Portal. Monthly average surface 

outflows in AF from 1997 to 2007 were tabulated and incorporated into the basin 

hydrologic budget. 

( 

Figure 16. County-monitored stream gauge Station No. 803 (inflow) and Station No. 841 
(outflow) that measure streamflow along Arroyo Simi/ Arroyo Las Posas (VCWPD, 201 0). 

Groundwater recharge to the SLPB occurs by direct infiltration or precipitation 

on the basin floor, by infiltration of surface flow, and by underflow of groundwater 

from the Simi Valley Groundwater Basin, which is directly east of the study area. In 

1989, the FCGMA, CMWD and UWCD funded the RASA Study for the USGS to 

analyze the hydrology and hydrogeology of the groundwater basins of Ventura County 

(including the SLPB). In 1996, this study's findings revealed multiple computer 

modeling scenarios for future long-range planning, and to develop the recently 

published FCGMA Management Plan (2007). These "hypothetical scenarios" show 

horizontal groundwater underflows entering and exiting the groundwater basin in both 

the upper and lower aquifer system through year 2017. The study also included 
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numerous scenarios with and without cutbacks. Subsurface inflow and subsurface 

outflow were included in the hydrologic budget for both the UAS and LAS. 

Because the basin is located in an urban area, the hydrologic budget has 

additional inflows that included imported water via CMWD and discharges into the 

arroyo by the SVWQCP. These two point sources totaled over 20,000 AF (on 

average) per year and were significant enough to include in the budget. In addition, 

the Moorpark Wastewater Treatment Plant (MWTP) is owned and operated by 

Ventura County Waterworks District No. 1 (referred to as the "District"). The MWTP 

discharges tertiary treated wastewater into a series of percolation ponds at their 

facility. A portion of the effluent (as reclaimed water) is sent to the Moorpark Country 

Club for application on the golf course. Neither the reclaimed water nor the 

discharged water was significant enough to include in this hydrologic budget. 

Evapotranspiration (ET) can range anywhere from 65 to 90 per cent of 

precipitation from semi-arid to extremely arid areas (USGS, 2007). The California 

Irrigation Management Information System (CIMIS) Web Portal provides reference 

ET data for California. California ET ranges between 33 and 71 inches annually, 

depending on the zone. The SLPB is classified as Zone 9 (South Coast Marine to 

Desert Transition) and shows an annual average ET of 55.1 inches. CIMIS-like data 

is also provided by the FCGMA on a separate website (www.fcgma.org). All ET data 

used in this study were acquired from this FCGMA Web site. Evapotranspiration data 

(in ft) were collected from the FCGMA site and multiplied by the area of the SLPB 

(1 0,560 acres) to calculate total ET in AF. 
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The FCGMA has collected extraction records for wells within the Agency for 

semi-annual periods since 1985. These extraction records are entered into a computer 

database and individual wells that reported any pumping between 1985 and 1989 

(known as the FCGMA "Base Period") have been assigned Historical Allocations 

based on those extractions. In the last decade, FCGMA has had a difficult time 

determining groundwater extractions based largely on rainfall patterns for agricultural 

uses and the ratio of groundwater to imported water ordered by M&I providers in any 

given year (FCGMA, 2007). However, now that there are substantial historical 

records available for over a 20-year period, similar climatic years can be compared to 

determine general trends in pumping (FCGMA, 2007). 

For this budget, groundwater extraction data from 1997 to 2007 (in AF) were 

used. In addition, a graph with historical extraction data from 1986 to 2009 was 

plotted to show groundwater extraction trends for AG and M&I users within the basin. 

Basin exports include pumping to adjacent Las Posas Valley sub-basins; 

however, these values are difficult to quantify due to data gaps in record keeping. The 

only water exports from the basin include the residents living in the surrounding areas 

that pump wells, and use water beyond their own basin boundary. Approximately 24 

parcels were identified in the ELP and WLP sub-basins from aerial photographs. For 

this study, 100 AF/Y + 1 row crop quantity per parcel (assuming an average water use 

of two AF IY per crop) multiplied by 24 was used as a basin export estimate. Ventura 

County uses an average of two AF/Y per crop; this estimate is a conservative number 

for the average water need per crop for basin agricultural needs (D. Panaro, personal 

communication, 4/30/201 0). 
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For this hydrologic budget, the following factors and assumptions were used: 

1. The SLPB is unconfined in the upper aquifer system, but confined to semi
confined in the lower aquifer system. Most irrigation and municipal wells are 
perforated in the lower confined zones. 

2. All values used in the basin hydrologic budget are averages from 1997 to 2007 
and are best estimates from available data. 

3. All imported water through the State Water Project was allocated and used for 
its appropriate purpose (e.g., M&I). 

4. Discharges from the SVWQCP contribute to basin recharge via direct surface 
flows and as shallow underflows through stream gravels and near-surface 
deposits, especially in the upper aquifer system. 

5. Direct groundwater recharge from precipitation to the Fox Canyon and/or 
Grimes Canyon aquifers is not significant due to limited outcrop exposures at 
the ground surface in the northern and eastern parts of the basin, and also 
because of confining clay or silt layers overlying those lower aquifers that 
prevent deep infiltration or percolation. 

6. The Simi-Santa Rosa Fault Zone, immediately south of the basin, effectively 
prevents any flow of groundwater between the SLPB and the Tierra Rejada or 
Arroyo Santa Rosa Basins, thus channeling inter-basin underflow to the 
southwest toward the eastern comer of the ELPB. 

7. Average surface outflow, measured across the Arroyo Las Posas stream gauge 
Station No. 841 A was conservatively estimated due to a realignment of the 
channel bottom in 1996 and suspect gauge readings at the automatic data 
recorder since 1995. 

8. Continuous expansion of urbanization in and around the City of Moorpark has 
significantly increased impervious surface areas, thus reducing basin recharge 
and increasing basin runoff into the arroyo. 

4. 7 Determination of South Las Posas Basin Aquifer Characteristics 

Aquifer characteristics were determined by using available aquifer test data 

between 1993 and 2008 supplied by CH2MHill (1993) or calculated in this study. 

Aquifer test data (e.g. , transmissivity and specific capacity obtained primarily from 

historic and recent well pump capacity tests) were compiled and tabulated in an Excel 
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spreadsheet. Aquifer characteristics were estimated for the SLPB by usmg 

methodologies from Heath (1983) and Fetter (1994), which included the following: 

• Well yield and specific capacity 
• Safe sustainable yield 
• Hydraulic gradient 
• Hydraulic conductivity 
• Transmissivity 
• Groundwater discharge 
• Groundwater volume 

To calculate groundwater volume in storage of the SLPB, the total basin area 

(A) was multiplied by the average saturated zone thickness, b, and the specific yield 

(Sy) for the unconfined aquifers (e.g. , alluvium and Epworth Gravels) or storage 

coefficient (S) for the confined aquifers (e.g. , Fox Canyon and Grimes Canyon). For 

Ventura County, specific yield (for unconfined aquifers) and storage coefficient (the 

term used for confined aquifers) typically vary between 6 and 20 per cent (CSWRB, 

1953). For this study, the following specific yields (or storage coefficients) were used: 

alluvium is approximately eight per cent; Epworth Gravels is about six per cent; and 

Fox Canyon and Grimes Canyon varies between 10 and 20 per cent. Since Fox 

Canyon and Grimes Canyon typically encompasses a storage coefficient range of 

values, an average of 15 per cent was chosen. The following formula for groundwater 

storage volume was used: 

where: 

V =AbSy 

V =Groundwater storage (volume), [fe] 
A= Aquifer unit area, [ft2

] 

b = Saturated thickness, [ ft] 
Sy or S = Specific yield or storage coefficient, [per cent] 
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The saturated thickness, b, was assumed to be the average (saturated) thickness 

of the aquifer in question. For the Epworth Gravels, Fox Canyon, and Grimes Canyon 

aquifers, all units were assumed to be fully saturated. However, since the basin has a 

shallow water table elevation, the water table elevation was subtracted from the 

average alluvium thickness, which resulted in a total saturated thickness. 

The total volume of groundwater in storage is not the actual recoverable or 

available water in the basin. To determine the actual usable water in the SLPB aquifer 

system, the following formula is applied after calculating the total in Eq. (2): 

where: 

Recoverable water = VSy 

V =Groundwater storage (volume), [ft3
], from Eq. (2) 

Sy = Specific yield [per cent], from Eq. (2) 

(3) 

Limited aquifer (pump) test data were available for SLPB wells used in this 

study. However, by using previously determined well yields (VCWPD, 2007), specific 

capacities were determined for 13 wells by dividing well yield by drawdown (in feet). 

These specific wells were chosen due to available data provided by VCWPD (2007). 

To determine specific capacity, Sc, the following formula (Driscoll, 1986) was used: 

where: 

Sc = Well Yield 
Drawdown 

Sc = Specific capacity, [gpm/ft of drawdown] 
Well Yield, [gpm] 
Drawdown, [ft of drawdown] 

(4) 

To calculate safe or sustainable yield for the SLPB, water levels were obtained 

from two alluvial-developed SLPB wells, 2N19W05K01 and 2N19W08H02 (Figure 
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1 0) for years 2007 and 2008. These two wells were selected due to best available 

groundwater data. The safe yield for the SLPB was calculated by: 

Safe Yield = Water elevation4 ASy 

where: 

Water elevation 11 between 2N19W05K01 and 2N19W08H02, [ft] 
A= Aquifer unit area, [ft2

], from Eq. (2) 
Sy= Specific yield, [per cent], from Eq. (2) 

(5) 

Groundwater levels are not continuously measured; therefore, limited data were 

available. The same wells used for safe yield (Eq. 5) were used to estimate hydraulic 

gradient by using the following formula: 

where: 

I = dh = ...lh-hl 
dl length 

I= hydraulic gradient, [ft/ft] 
dh =difference between two hydraulic heads, [ft] 
dl =length between the two wells/piezometers, [ft] 

(6) 

Hydraulic conductivity (K value) ranges for geologic materials were previously 

determined by Heath (1983) and used in this study. A single K value was selected for 

each aquifer unit by determining the dominant lithology (over 75 %), and shown in 

Table 3. To calculate K for all three Fox Canyon sub-members, well sorted sand was 

chosen for the calculations. 
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Table 3 - Hydraulic Conductivity Ranges Determined 
>y eat an or IS u 1y b H h (1983) d F Th" St d 

Geologic 
K Range (em/sec) K (em/sec) for Material Aquifer Unit 

Classification by Heath (1983) This Study 

Fine Sand Alluvium 10-5 to 1 o-3 10-3 

Gravel Epworth Gravels 10-2 to 1 10-2 

Well Sorted Sand Fox Canyon 10-3 to 10-1 10-3 

Silty Sand Grimes Canyon 10-6 to 104 10-4 

Transmissivity was determined by the following formula (USGS, 2007a) : 

where: 

T = Kb 

T =transmissivity, [ft2/day] 
K = hydraulic conductivity, [ft/day], from Eq. (2) 
b =saturated thickness, [ft] , from Eq. (2) 

(7) 

To determine transmissivity, K values determined from Eq. (6) were incorporated into 

equation, which included all three Fox Canyon sub-members. 

Groundwater discharge (Q) was estimated for each of the four aquifer units 

by using Darcy ' s Law represented by: 

Q = KAI 

where: 
Q =volume of water discharged, [ft3/day 
K =hydraulic conductivity, [ft/day] 
A= cross-sectional area, [ft2] , from Eq. (2) 
I= hydraulic gradient, [ft/ft] , from Eq. (6) 

4.8 South Las Posas Basin Hydrostratigraphy Visualization in 2D and 3D 

(8) 

Scientists, consultants, and State agencies have been studying the SLPB and 

surrounding areas for more than 50 years; however, most of these studies focused 

more on water quality and hydrogeology, and not specifically on hydrostratigraphy. 
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To analyze the SLPB hydrostratigraphy, the SLPB outline was delineated by plotting 

the basin boundary in ArcGIS 9.3 (Geographic Information System [GIS]) software. 

Because the SLPB encompasses a portion of two cities (Simi Valley and Moorpark) 

the basin was plotted in GIS to incorporate the entire region, which resulted in the 

SLPB located across the southern regions of the 1 :24,000-scale Simi Valley and 

Moorpark Geologic Quadrangles (Dibblee, 1992) (Plate 1 ). 

One hundred well logs were collected from the VCWPD and lithologic data for 

all wells were entered into RockWorks™. Lithologic columns were produced to 

delineate the lithology of all 100 wells. To observe any overall trends in lithology, 

specifically lateral distribution across the basin, the dominant geologic material (over 

75%) from each well log was categorized according to region (west, central or east). 

These lithologic columns were then used to delineate the principal hydrostratigraphic 

units, notably sand and gravel layers. 

Beginning in the early 1950s, the CSWRB (1953), CH2MHill (1993), and 

FCGMA (2007) have followed the same aquifer-naming system (e.g. , Fox Canyon). 

For this study, it was decided to use the same naming convention. In addition, a 

generic naming system (e.g. , 2A) was used to describe the semi-confining (e.g., 

aquitard) units. 

A second set of hydrostratigraphic columns were developed that included 

specific aquifer names (e.g., Fox Canyon). These columns were used to define aquifer 

depth and thickness. 

To visualize the hydrostratigraphy in 2D and 3D, RockWorks™ was used to 

construct a geologic cross section and index map. In addition, an isopach map for 
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alluvium and Main Fox Canyon aquifers was also constructed. A 3D map for the 

alluvium was constructed to illustrate the structural thickness and surface elevation. 

Five SLPB wells (Figure 17) with complete and legible electric well logs were 

compared to hydrostratigraphic columns previously constructed in RockWorks™ 

(2006) to further delineate aquifer thickness and depth. Electric well logs can be used 

in combination with resistivity logs to define strata boundaries for geologic unit 

correlation and to infer the geology of the strata as a function of permeability and 

resistivity (California Department of Conservation, Division of Oil, Gas, and 

Geothermal Resources [DOGGR], 2009). Generally, SP and resistivity curves 

converge for shale units and diverge for permeable fresh water saturated sand units 

(CA DOGGR, 2009). This method was used to identify the top and bottom of distinct 

aquifer units and to differentiate between different geologic materials (e.g., sand). 

Previous hydrogeologic studies commonly focused on groundwater flow 

assuming horizontal layering of the strata and did not consider the heterogeneities that 

exist within the SLPB aquifer system. To further delineate the hydrostratigraphy and 

include both hydrostratigrapic and non-hydrostratigraphic units, the Borehole 

Manager' s Stratigraphy/Model tool (RockWorks™, 2006) was used to construct a 

model of the basin hydrostratigraphy. This model is based on a previous conceptual 

hydrogeologic model established for the SLPB and surrounding Las Posas Valley 

region documented by CH2MHill (1993) and the USGS (1997a). Each 

hydrostratigraphic and confining or semi-confining unit is referred to as a "model 

horizon". The same Stratigraphy/Model tool also calculated the total volume of the 

model, along with minimum, maximum and mean thickness of each horizon. 
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Figure 17. Location of South Las Posas Basin wells used for electric well log comparisons to hydrostratigraphic units. 



5.0 RESULTS 

The following sub-sections provide key results for the following: 

5.1 Arroyo Simi Surface Water and Groundwater Sampling and Analyses -
Simi Fault Area; 

5.2 South Las Posas Basin Shallow Groundwater Analyses; 
5.3 South Las Posas Basin Deep Groundwater Analyses; 
5.4 East Las Posas Basin Groundwater Sampling and Analyses and 

Comparison to South Las Posas Basin Groundwater; 
5.5 Las Posas Valley Groundwater Level Analyses; 
5.6 South Las Posas Basin Hydrologic Budget Development; 
5. 7 Determination of South Las Posas Basin Aquifer Characteristics; and 
5.8 Visualization of South Las Posas Basin Hydrostratigraphy in 2D and 3D 

5.1 Arroyo Simi Surface Water and Groundwater Analytical Results- Simi 
Fault Area 

This section summarizes the laboratory results and analyses for Arroyo Simi 

surface and groundwater sampling that was conducted between July 2008 and October 

2009. Field parameter data are also included in this section, which included pH, 

dissolved oxygen (DO), electrical conductivity (eC) and turbidity. Field parameter 

results are presented in Table 4 and analytical results are presented in Tables 5 and 6. 

Arroyo Simi analytical results are expressed in milligrams per liter (mg/L), unless 

otherwise specified in Tables 5 and 6. 

The LARWQCB' s Basin Plan for Ventura and Los Angeles Counties enforces 

WQOs for waters designated as Domestic or Municipal (MUN) uses. Since the basin 

surface water and groundwater is designated as MUN, the Basin Plan (LARWQCB, 

1994) WQOs for pH, DO, eC and turbidity were compared to surface water and 

groundwater sampling results to observe any exceedances. One surface water sample 

for turbidity and about 60% of all surface water and groundwater samples for eC 

exceeded WQOs (Table 4). 

54 



In 2008, the LAR WQCB, in coordination with CMWD, adopted Resolution 

No. R4-2007-016 to enforce surface water and groundwater quality objectives for 

TDS, sulfate, chloride, and boron. Numeric targets expressed as loading capacities for 

TMDLs are based on the specific numeric WQOs provided in the Basin Plan 

(LARWQCB, 1994). Groundwater quality objectives are divided according to Upper 

Reach (Arroyo Simi) and Lower Reach (Arroyo Las Posas). Groundwater and surface 

WQOs are presented in Table 4. Although Table 4 shows WQOs for both Arroyo 

Simi and Arroyo Las Posas, only WQOs for surface water and groundwater quality 

along Arroyo Simi are relevant and were used for this study. Sampling was not 

conducted along Arroyo Las Posas and is not included in this study. 

Table 4 - Surface Water and Groundwater Quality Objectives 
£ A s· i/A L P a or rroyo 1m rroyo as osas 

Surface Water 
Groundwater Quality Groundwater Quality 

Quality Objectives: Objectives: 
Constituent Objectives Upper Reach- Lower Reach -

Arroyo Simi Arroyo Las Posas 
(mg/L) 

(mg/L) (mg/L) 
TDS 850 2,500 1,500 

Chloride 150 400 250 
Boron 1.0 3.0 1.0 
Sulfate 250 1,200 700 

a= Table 4 modified from Table 3-10 of Los Angeles Basin Plan (LARWQCB, 1994). 

Field parameter results and their LARWQCB WQOs are shown in Table 5 and 

field data sheets are presented in Appendix A (on enclosed CD). During field 

reconnaissance in March 2009, Site 3 piezometer was buried; therefore, no sampling 

was conducted at that time. Site 3 piezometer was replaced one week later to resume 

sampling. Between July 2008 and December 2009 during all sampling events, artesian 

conditions were observed at Site 3 (seep) and Site 6 (spring). There were no WQO 

exceedances for pH during any sampling events. Results for pH ranged from 6.4 to 
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8.5 and averaged 7.9 (Table 5). Dissolved oxygen results ranged from 5.8 to 12.1 

mg/L (Table 5), which above 7 mg/L is considered "supersaturated" water. Electrical 

conductivity ( eC) is an indirect measure of solids (e.g. , chloride), which can be used as 

an indicator of water pollution (USGS, 2007). Over 80% (24 out of29) ofthe samples 

exceeded the WQO for eC (Table 5). Electrical conductivity results ranged from 

1,200 to 4,200 J..LS/cm for all samples. 

Turbidity results were generally low for all locations and sampling events, 

ranging at most sites from 0 to 28 NTUs. During July 2008 sampling, an anomalous 

result of 855 NTUs at Site 5 was observed most likely due to faulty instrumentation. 
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Table 5- General Field Parameters Measured During Arroyo Simi Surface Water and 
Groundwater Sampling: July 2008 to September 2009 

pH (6.5 - 8.5)a,f Electrical Conductivity (100- 2,000 umhos/cm)b,t 
Site# 7/20/08 12/14/08 3/29/09 4/4/09 7/12/09 9/27/09 7/20/08 12/14/08 3/29/09 4/4/09 7/12/09 

1 7.5 7.5 7.4 NM 7.3 7.4 2,400 1,214 2,400 NM 2,230 
2 8.5 8.2 8.2 NM 8.1 8 2,400 2,500 2,600 NM 2,380 
3c 6.4 7.5 NM 7.5 7.9 7.8 2,400 4,200 NM 3,470 1,974 
4 6.4 8.4 8.0 NM 8.3 8.4 2,400 2,600 2,600 NM 2,430 
5 6.4 7.8 8.0 NM 8.2 8.2 2,300 1,747 2,034 NM 1,812 
6~ NM 7.5 7.1 NM 7.2 7.1 NM 2,500 2,400 NM 2,230 

Turbidity (0- 50 NTUs)a,t Dissolved Oxygen (5-7 mg/L)a,t 
Site# 7/20/08 12/14/08 3/29/09 4/4/09 7/12/09 9/27/09 

1 0.5 0.9 0.4 NM 
2 2.2 1.8 1.2 NM 
3c 3.4 2.4 NM NM 
4 1.8 2.1 1.4 NM 

5 855 2.1 1.5 NM 
6e NM 23.8 6.9 NM 

a= WOOs set by LARWQCB (1994) . 
b = WQOs set by CSWRB (2010). 

0.57 
1.23 
NM 
2 

9.9 

14.3 

c =Site 3 field parameters were collected on 4/4/09. 
d = DO result inaccurate due to equipment error. 

0.59 
1.2 

16.9 
1.9 
1.5 

11.2 

e = Site 6 was added prior to 12/2008 sam piing event. 

7/20/08 12/14/08 3/29/09 
5.8 6.3 6.1 
10.2 11.2 11.9 
6.6 8.7 NM 
10.7 10.5 10.2 
6.8 8.0 9.0 

NA 6.2 6.0 

f = Results in "bold" and "shaded" indicate WQO exceedances for field parameters. 
NM = Site 3 was not sampled due to burial of piezometer. 

4/4/09 7/12/09 
NM 7.14 
NM 12.1 

7.64 5.4 
NM 10.0 
NM 9.0 

NM 6.15 

9/27/09 
2,429 
2,539 
2,087 
2,562 
1,887 
2,370 

9/27/09 
7.0 
10.8 
7.2 
9.2 
8.3 

0.24d 



TDS exceedances were observed in both surface water and groundwater 

samples. At Sites 2, 4 and 5, TDS concentrations exceeded the WQO of 850 mg/L 

during all sampling events. Surface water TDS averaged 1,686 mg/L (Table 6). For 

Sites 3 and 6, TDS concentrations exceeded the WQO of 2,500 mg/L in December 

2008 and March 2009 (Table 7). Groundwater TDS exhibited an average 

concentration of approximately 1,800 mg/L (Table 7). For all sites, TDS 

concentrations ranged from 1,270 to 2,820 mg/L. 

For all sampling events, chloride results for all but one surface water sample 

(Site 2, July 2008) exceeded the chloride surface WQO of 150 mg/L; however, no 

groundwater samples exceeded the groundwater quality objective of 400 mg/L during 

any sampling event. For Sites 2, 4, and 5, chloride exhibited a range of 150 to 200 

mg/L and an average of 178 mg/L. For groundwater Sites 1, 3, and 6, chloride results 

exhibited a range of 150 to 370 mg/L, and an average of 188 mg/L (Table 7). For all 

sites, chloride exhibited a range of 150 to 3 70 mg/L and averaged about 180 mg/L 

(Tables 6 and 7). 
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Table 6- Arroyo Simi Surface Water Sampling Analytical Results for 
Sites 2, 4, and 5 - July 2008 to September 2009 

7/20/20083 12114/20083 3/29/20093 7/1212009" 
Site# Site# Site# Site# 

I on Unit VICL0 /TMDL 2 4 5 2 4 5 2 4 5 2 4 5 
T.H. mg/L NA 979 940 566 959 987 503 1,080 1,090 681 1010 1050 603 
TDS mg/L 850" 1,830 1,840 1,250 1,900 1,940 11,160 1,970 1,990 1,370 1,850 1,870 1,220 
Ca2

• mg/L 25-50c 249 225 136 249 244 124 271 261 164 257 258 151 
Mg" mg/L 25-50c 87 92 55 82 92 47 98 106 66 88 99 55 
K mg/L NA 6.0 6.0 12.0 6.0 6.0 12.0 6.0 6.0 11 .0 6.0 6.0 12.0 
Na• mg/L 20-170c 204 211 172 225 245 188 233 240 199 237 257 202 
Fe'+ ug/L 0.3° 130 170 220 140 170 150 NO 70 120 90 120 170 
Mn2

• ug/L 0.05° 20 30 50 60 70 40 20 30 40 10 20 50 
Zn2+ ug/L 0.005° NO NO 30 NO NO 20 NO NO NO NO NO 30 
cu·· ug/L 1.0° NO NO NO NO NO NO NO NO NO NO NO NO 
s· mg/L 1.0" 1.3 1.2 0.9 1.2 1.1 0.8 NO 1.3 1.0 1.3 1.2 0.9 
co3· mg/L 150-200 NO NO NO NO NO NO NO NO NO NO NO NO 
HC03 mg/L 150-200 250 260 200 340 350 230 320 330 250 300 300 230 
so4•- mg/L 250" 860 850 490 910 910 450 980 1,000 590 990 990 550 
cr mg/L 150" 150 170 160 170 190 167 180 190 180 180 200 176 
N03- mg/L 10.0 17.5 12.5 16.4 24.6 19.5 26.8 21.7 16.9 26.9 20.9 15.2 19.8 
F" mg/L 2.0" 0.7 0.7 0.6 0.5 0.5 0.6 0.5 0.5 0.6 0.5 0.6 0.8 
Notes: 
a= Results in "bold" and "shaded" indicate rv'CL exceedances in groundwater. 
b =Anomalous laboratory result, and was not included in calculating TOS average. 

c = Primary rv'CL for Zn, Cu, N03 and F and Secondary rv'CL for Ca, Mg, Na, Fe, Mn, Zn, C03/HC03 (EPA 2008) . 

d = TMOL for TOS, B, S04 and Cl only (LARWQCB, 1994). 

NA = No rv'CL available for ion listed. 
NO= Not detected in sample. 
T.H. =Total Hardness 

9/29/20093 

Site# 

2 4 5 Avg 
1,000 1,000 596 870 
1,890 1,920 1,250 1,721 
257 244 150 216 
88 95 54 80 
6.0 6.0 11 .0 7.9 
239 251 210 221 
90 210 140 142 
NO 40 40 37 
NO NO NO 27 
NO NO NO NM 
1.3 1.2 0.9 1.0 
NO NO NO NM 
310 310 230 281 
950 960 540 801 
180 200 177 178 
19.7 16.0 24.6 19.9 
0.5 0.6 0.8 1.0 
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Table 7- Arroyo Simi Groundwater Sampling Analytical Results for 
Sites 1, 3, and 6 -July 2008 to September 2009 

7/20/2008c 12/14/2008c 3/29/2009c 7/12/2009c 9/29/2009c 
Site# Site# Site# Site# Site# 

I on Units MDLd/MCL 1 3 sa 1 3 6 1 3 6 1 3 6 1 3 6 
T.H. mg/L NA 979 909 NM 949 1,030 2,040 973 1,950 1,000 982 638 1020 957 639 1,000 
TDS mg/L 2500d 1,750 1,830 NM 1,790 1,830 3,820 1,840 3,210 1,840 1,750 1,270 1,780 1,720 1,290 1,840 
Ca2• mg/L 25-509 244 224 NM 237 265 562 240 575 246 247 132 257 240 126 249 
Mg2+ mg/L 25-509 90 85 NM 87 90 156 91 126 94 89 75 92 87 79 92 
K+ mg/L NA 6.0 6.0 NM 7.0 7.0 3.0 6.0 11 .0 6.0 7.0 1.0 6 .0 6.0 NO 6.0 
Na+ mg/L 20-170e 196 199 NM 217 201 297 200 266 189 217 197 200 214 226 200 
Fe2+ ug/L 0.39 150 130 NM 140 5,080 1,940 70 13,700 1,480 110 2,990 1,700 100 1,010 1,600 
Mn2• ug/L 0.059 

300 10 NM 320 350 130 310 2,020 270 230 330 270 200 90 270 
Zn2+ ug/L NA NO NO NM NO 30 60 NO 80 NO NO 30 NO NO NO NO 
Cu2+ ug/L 1.09 

NO NO NM NO 20 30 NO 80 NO NO 10 NO NO NO NO 
s· mg/L 3.0° 1.2 1.2 NM 1.2 1.0 0.7 1.2 0.6 1.0 1.2 0.5 0.9 1.1 0.5 0.9 
co3· mg/L 150-200° NO NO NM NO NO NO NO NO NO NO NO NO NO NO NO 

HCO/ mg/L 150-2009 
350 230 NM 370 380 290 370 340 340 370 320 360 360 390 360 

SO/- mg/L 1200d 780 850 NM 840 890 1,940 840 1,690 890 870 390 870 840 450 900 

cr mg/L 400d 150 150 NM 170 150 370 170 280 160 170 236 150 170 250 150 
N03" mg/L 10.09 

12.6 17.5 NM 13.0 7.5 2.2 12.9 0.8 NO 12.3 NO NO 12.9 NO NO 
F" mg/L 2.0° 0.6 0.7 NM 0.3 0.4 1.3 0.4 0.6 0.4 0.5 1.1 0.5 0.4 0.7 0.5 
Notes: 
a= Site 6 was added during 12/8/2010 sampling event. 
b =Averages do not include 3/29/2009 Site 3 Fe and Mn results . 
c = Results in "bold" and "shaded" indicate MCL exceedances for groundwater. 

d = TMOL was used for TOS, B, S04 and Cl only (LARWQCB, 1994). 

e = Primary MCL for Zn, Cu, N03 and F and Secondary MCL for Ca, Mg, Na, Fe, Mn, Zn, C0 3/HC0 3 (EPA, 2008). 
NA =No MCL available for constituent. 
NO/NM = Not detected or measured. 
T .H. =Total Hardness 

Avgb 

1,009 
1,873 
275 
95 
6.0 
216 

1,269 
364 
50 
35 
1.0 
NM 

345 
931 

195 
10 
0.6 

·---



Surface water boron concentrations exceeded the WQO of 1 mg/L, whereas 

groundwater boron concentrations did not exceed the WQO of 3 mg/L; all 

groundwater samples were well below the WQO. At all sampling sites, surface water 

boron concentrations ranged between 0.8 and 1.3 mg/L and averaged about 1 mg/L, 

whereas groundwater boron concentrations ranged between 0.5 and 1.2 mg/L and 

averaged approximately 1 mg/L. Boron concentrations averaged about 1.0 mg/L at all 

locations, and ranged between 0. 7 and 1.3 mg/L for all sites. 

Sulfate concentrations at Sites 2, 4, and 5 exceeded the surface WQO of 250 

mg/L, whereas at Sites 1, 3, and 6, only 2 exceedances were observed at Site 6 on 

December 2008 of 1,940 mg/L and at Site 3 on March 2009 of 1,690 mg/L. At surface 

water sites, sulfate concentrations ranged between 450 and 1,000 mg/L and averaged 

approximately 800 mg/L. At groundwater sites, sulfate concentrations ranged between 

390 and 1,940 mg/L and averaged about 930 mg/L. 

Standards for iron and manganese are based on levels that cause taste and 

staining problems and are set under US EPA (2009) Secondary MCLs. This MCL is 

set at 0.3 mg/L for iron and 0.05 mg/L for manganese for both surface water and 

groundwater. For surface water Sites 2 and 4, only two exceedances for manganese 

and none for iron were observed during December 2008 sampling (Table 6). For 

groundwater sites, numerous exceedances were observed for both iron and manganese. 

The manganese MCL was exceeded at Sites 1, 3, and 6 during all sampling events 

except for at Site 3 on July 2009. For iron, exceedances were observed at Sites 3 and 

6 during all sampling events, and no exceedances were observed at any of the 

groundwater sites on July 2008 (Table 7). 
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Nitrate exceedances were observed in both surface water and groundwater 

sampling results. Surface water Sites 2, 4 and 5 exceeded the nitrate MCL during all 

sampling events, ranging from 12.5 to 26.9 mg/L and averaging 19.9 mg/L (Table 6). 

At groundwater Sites 3 and 6, nitrate levels were always in compliance with the 

California EPA MCL of 10 mg/L, except on July 2008. Groundwater nitrate 

concentrations ranged between 0.8 and 17.5 mg/L and averaged about 10 mg/L. 

Surface water and groundwater constituent average concentrations for Sites 1 

through 6 were plotted on a Piper diagram (Figure 18). These water samples have 

similar chemistry, and are most likely from the same water source, except for Site 5 

(downstream from the SVWQCP). Site 5 surface water exhibited overall lower 

concentrations for all but one constituent; nitrate concentrations exceeded the 

California EPA water quality standard of 10 mg/L. Site 5 nitrate results ranged from 

16 to 26 mg/L with an average concentration of 23 mg/L for all sampling events. 
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Figure 18. Arroyo Simi average constituent concentrations for surface water and 
groundwater samples collected between July 2008 and September 2009. 

5.2 South Las Posas Basin Shallow Groundwater Quality Analyses 

Groundwater samples were previously collected by Moorpark Wastewater 

Treatment Plant (MWTP) personnel between 2002 and 2009 and are shown on Figure 

19. High TDS concentrations were observed in MW-1 (upgradient) with an average 

TDS above 3,000 mg/L, whereas MW-2 (downgradient) and MW-3 (intermediate) 

exhibited significantly lower TDS concentrations (Figure 19). Groundwater results 

show that MW-1 has a different chemical character than MW-2 and MW-3 . Between 

2002 and 2009, TDS concentrations ranged from 2,800 to 3,400 mg/L in MW-1 and 

between 500 and 1,100 mg/L in MW-2 and MW-3 (Figure 19). 
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Figure 19. TDS concentrations for MWTP wells MW-1 , MW-2 and MW-3 from 2002 to 
2009. No data were available in 2003 for MW-1 (Source: MWTP, 2007). 

Moorpark Wastewater Treatment Plant groundwater analytical results are 

shown in Tables 8 through 11 ). Most metals are present in all wells, but at 

concentrations below MCLs (Tables 8 through 11). In 2002 and 2003 , the principal 

metals found in groundwater were cadmium and thallium and were detected in only 20 

percent of the samples at low levels but slightly above MCLs. The primary MCL for 

cadmium is 0.005 mg/L. During 4th quarter 2002 and 2003, cadmium was detected in 

two samples with concentrations at 0.007 and 0.006 mg/L, which is slightly above the 

cadmium MCL. During 4th quarter 2002, the MCL for thallium (0.002 mg/L) was 

exceeded in all three wells with an average concentration of 0.003 mg/L. 
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Table 8- Moorpark Wastewater Treatment Plant Analytical Results for 
General Minerals and Metals: 2nd and 4th Quarter 2002/2003 

General Mineralsa,c 
2nd Qtr - 2002 4th Qtr - 2002 2nd Qtr - 2003 4th Qtr - 2003 

I on Unit Limit MW-1 MW-2 MW-3 MW-1 MW-2 MW-3 MW-1 MW-2 MW-3 
I 

MW-1 MW-2 MW-3 · 
TDS mq/L 1 500 3,339 972 595 3,226 927 559 815 788 1 384 3,100 748 698 
Cl mq/L 250 272 123 132 267 131 132 107 140 169 134 258 121 
N03 mg/L 10 154 2 .2 0 .6 119 0.26 0.55 2 .1 0.55 36.4 3.6 1.3 0 .4 
504 mg/L 700 1,249 188 116 1,215 202 41 .2 218 170 373 1,008 137 145 
B mq/L 1.0 1.4 0.8 0.5 1.7 0.9 0 .9 0.4 0.5 0 .5 1.4 0.6 0.5 

M~t;:~l!:::.b,c 

An mg/L 0.006 NM NM NM ND ND ND NM NM NM 1.1 0 .7 0 .6 
As mg/L 0 .01 NM NM NM 3.6 4.8 2.6 NM NM NM 2 .6 4 .6 3.3 
Be mg/L 0 .004 NM NM NM ND ND ND NM NM NM 0 .2 0 .2 ND 
Cd mg/L 0 .005 NM NM NM 0.2 1.9 7.4 NM NM NM 0 .3 1.8 6.0 
Cr mg/L 0.05 NM NM NM 3 .1 4.4 0 .7 NM NM NM 3.9 19 1.1 
Cu mg/L 1.3 NM NM NM 2.2 8 .0 7.2 NM NM NM 2 .6 8 .5 13 
Pb mg/L 0 .015 NM NM NM ND ND ND NM NM NM 0 .2 0.4 0.2 
Hg mg/L 0.002 NM NM NM ND ND ND NM NM NM ND ND ND 
Ni mg/L 0.10 NM NM NM 5.6 23 31 NM NM NM 7.3 60 19 
Se mg/L 0.05 NM NM NM 44 ND ND NM NM NM 31 ND ND 
Ag mg/L 0.10 NM NM NM 0.3 ND 0.3 NM NM NM 0 .7 0 .2 ND 
Th mg/L 0 .002 NM NM NM 3.3 4.0 3.7 NM NM NM 0 .2 0 .2 ND 
Zn mg/L 5.0 NM NM NM ND ND ND NM NM NM 4 .0 4.9 3.4 
Notes: 
NM =Not measured 
ND =Not detected 
a= Wastewater Discharqe Requirements for Effluent. Order No. 00-048 (LARWQCB. 2000). 
b =Wastewater discharge effluent limit in mg/L for Total Priority Pollutant Metals (EPA, 2008). 
c = General Minerals are reQorted in mg/L; Metals are reQorted in ug/L. 
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Table 9- Moorpark Wastewater Treatment Plant Analytical Results for 
General Minerals and Metals: 2nd and 4th Quarter 2004/2005 

General Mineralsa,c 

2nd Qtr - 2004 4th Qtr - 2004 2nd Qtr - 2005 4th Qtr- 2005 
I on Unit Limit MW-1 MW-2 MW-3 MW-1 MW-2 MW-3 MW-1 MW-2 MW-3 MW-1 MW-2 MW-3 

TDS mQ/L 1 500 3,078 868 464 3,185 904 1 062 2,804 820 540 2,894 1 104 732 
Cl mQ/L 250 259 144 124 252 140 146 240 126 134 256 119 112 
N03 mg/L 10 1.5 1.9 1.8 6 .3 9 .0 11.5 4 .9 1.2 0.2 5.8 2.0 11.5 
SO, mQ/L 700 1,028 208 671 1,166 205 226 1 175 236 110 1,152 156 296 
B mQ/L 1.0 1.3 0.6 0.4 1.2 0.5 0.5 1.2 0 .6 0.4 1.5 0.8 0 .8 

Metalsb,c 
An mg/L 0 .006 NM NM NM 0.9 0 .6 0.4 NM NM NM 4.8 1.6 1.2 
As mg/L 0.01 NM NM NM 3.1 3.1 3.6 NM NM NM 3.4 4.5 3.7 
Be mg/L 0 .004 NM NM NM NO NO NO NM NM NM NO NO NO 
Cd mg/L 0 .005 NM NM NM 0 .3 1.8 1.5 NM NM NM 0 .2 1.2 1.6 
Cr mg/L 0.05 NM NM NM 4 .2 5.5 0.7 NM NM NM 3.8 4 .6 0.8 
Cu mg/L 1.3 NM NM NM 2 .8 9.6 12 NM NM NM 3 .6 10 6 .0 
Pb mg/L 0 .015 NM NM NM NO 0 .2 0 .2 NM NM NM 0.2 0 .2 NO 
Hg mg/L 0.002 NM NM NM NO NO NO NM NM NM NO NO NO 
Ni mg/L 0 .10 NM NM NM 9.6 73 23 NM NM NM 12 43 18 
Se mg/L 0.05 NM NM NM 30 2.9 2.4 NM NM NM 24 NO 2.7 
Ag mg/L 0.10 NM NM NM 0.2 NO NO NM NM NM 1.5 0.9 0.6 
Th mg/L 0 .002 NM NM NM NO NO NO NM NM NM NO NO NO 
Zn mg/L 5 .0 NM NM NM 3 9.2 1.7 NM NM NM 4.8 2 .9 1.8 
Notes: 
NM =Not measured 
NO = Not detected 
a= Wastewater Oischarqe Requirements for Effluent. Order No. 00-048 (LARWQCB, 2000) . 
b =Wastewater discharge effluent limit in mg/L for Total Priority Pollutant Metals (EPA, 2008) . 
c = General Minerals are reported in mg/L; metals are reported in ug/L. 
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Table 10 -Moorpark Wastewater Treatment Plant Analytical Results for 
General Minerals and Metals: 2nd and 4th Quarter 2006/2007 

General Mineralsa,c 
2nd Qtr - 2006 4th Qtr - 2006 2nd Qtr - 2007 4th Qtr - 2007 

I on Unit Limit MW-1 MW-2 MW-3 MW-1 MW-2 MW-3 MW-1 MW-2 MW-3 MW-1 MW-2 MW-3 
.TDS mq/l 1 500 3,444 780 970 3,428 716 548 3,694 750 506 3,236 606 756 
Cl mg/L 250 297 127 121 291 102 111 304 104 97 275 129 112 
NO~ mg/L 10 15.7 0.2 38.7 76.8 0 .2 0 .17 57.8 0.02 0.71 98.5 0.3 11.6 
SOA mg/L 700 1,193 207 240 1,070 84.6 129 1,131 187 74.5 1,150 144 126 
B mall 1.0 1.5 0.6 0.6 1.6 0.6 0.5 1.8 0.7 0.5 1.5 0.5 0.6 

Metal;;b,c 
An mg/L 0.006 NM NM NM NO NO 1.4 NM NM NM NO NO NO 
As mg/L 0.01 NM NM NM 2.8 2.1 5.0 NM NM NM 3.4 3.5 5.7 
Be mg/L 0.004 NM NM NM NO NO NO NM NM NM NO NO NO 
Cd mg/L 0.005 NM NM NM 0.2 1.3 1.8 NM NM NM 0 .3 1.7 0.7 
Cr mg/L 0.05 NM NM NM 3.7 2.3 0.9 NM NM NM 5.8 8.1 0.7 
Cu mg/L 1.3 NM NM NM 2.9 8 .5 5.9 NM NM NM 4.0 14 5.0 
Pb mg/L 0.015 NM NM NM NO NO NO NM NM NM NO NO NO 
Hg mg/L 0.002 NM NM NM NO NO NO NM NM NM NO NO NO 
Ni mg/L 0.10 NM NM NM 10 72 24 NM NM NM 13 41 16 
Se mg/L 0.05 NM NM NM 26 NO NO NM NM NM 32 NO 5.2 
Ag mg/L 0.10 NM NM NM NO 0.2 NO NM NM NM 0 .2 NO NO 
Th mg/L 0.002 NM NM NM NO NO NO NM NM NM NO NO NO 
Zn mg/L 5.0 NM NM NM 3.8 2.2 1.3 NM NM NM 7.0 6 .3 6.8 
Notes: 
NM =Not measured 
NO = Not detected 
a = Wastewater Oischarae Requirements for Effluent. Order No. 00-048 (LARWQCB. 2000). 
b =Wastewater discharge effluent limit in mg/L for Total Priority Pollutant Metals (EPA, 2008). 
c = General Minerals are reported in mg/L; Metals are reported in ug/L. 
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Table 11- Moorpark Wastewater Treatment Plant Analytical Results for 
General Minerals and Metals: 2nd and 4th Quarter 2008/2009 

General Mineralsa,c 
2nd Qtr- 2008 4th Qtr - 2008 2nd Qtr - 2009 4th Qtr - 2009 

I on Unit Limit MW-1 MW-2 MW-3 MW-1 MW-2 MW-3 MW-1 MW-2 MW-3 MW-1 MW-2 MW-3 
TDS mg/L 1 500 3,308 672 1 376 3,216 664 588 3,292 568 484 3,242 608 632 
Cl mall 250 287 115 122 269 117 122 275 115 120 254 93 95 
N03 mg/L 10 103 0.3 26 141 1.0 0.34 142 0.15 0.06 <0.05 <0.05 <0.05 

504 mg/L 700 1,270 155 153 1,090 123 102 1,040 131 97 1,188 125 116 
B mg/L 1.0 1.6 0.6 0.7 NM NM NM 1.6 0.5 0.5 1.5 0.6 0.7 

MP-tal~ b,c 
An mg/L 0.006 NM NM NM <1.0 <1.0 1.1 NM NM NM <0.1 <0.1 <0.1 
As mg/L 0.01 NM NM NM 2.9 4.4 3.4 NM NM NM 2 .7 5.8 5.3 
Be mg/L 0.004 NM NM NM <0.2 <0.2 <0.2 NM NM NM <0.2 <0.2 <0.2 
Cd mg/L 0.005 NM NM NM 0.3 1.7 2.2 NM NM NM 0.3 4.9 1.3 
Cr mg/L 0.05 NM NM NM 5.2 1.7 2.3 NM NM NM 6.4 2.8 1.3 
Cu mg/L 1.3 NM NM NM 4.0 8.9 14 NM NM NM 5.2 8.0 5.5 
Pb mg/L 0.015 NM NM NM <0.2 0.5 <0.2 NM NM NM <0.2 0.2 <0.2 
Hg mg/L 0.002 NM NM NM <0.2 <0.2 <0.2 NM NM NM <0.2 <0.2 <0.2 
Ni mg/L 0.10 NM NM NM 16 <5.0 19 NM NM NM 21 180 24 
Se mg/L 0.05 NM NM NM 24 <2.0 <2.0 NM NM NM 25 <2.0 6.9 
Ag mg/L 0 .10 NM NM NM <0.2 <0.2 <0.2 NM NM NM <0.2 <0.2 <0.2 
Th mg/L 0.002 NM NM NM <0.2 <0.2 <0.2 NM NM NM 0.2 <0.2 <0.2 
Zn mg/L 5.0 NM NM NM 4.2 2 .6 2.7 NM NM NM 3.4 2 .9 1.2 
Notes: 
NM = Not measured 
NO= Not detected 
a = Wastewater Discharae Requirements for Effluent. Order No. 00-048 (LARWQCB. 2000) . 
b =Wastewater discharge effluent limit in mg/L for Total Priority Pollutant Metals (EPA, 2008) . 
c =General Minerals are reported in mg/L; metals are reported in ug/L. 



5.3 South Las Posas Basin Deep Groundwater Analyses 

To compare SLP groundwater at different locations, TDS, chloride, nitrate, and 

sulfate from wells previously sampled by County personnel in 2007 and 2008 were 

plotted on Figure 20. For TDS, results showed an average concentration of about 

1,400 mg/L in 2007, whereas in 2008, average concentrations decreased to about 

1,300 mg/L in the sampled wells (Figure 20). Sulfate and chloride concentrations also 

slightly decreased between 2007 and 2008. Nitrate concentrations varied between 

year and location (Figure 20). Additional historical groundwater results are presented 

in Table D-1 (Appendix D, on enclosed CD) but were not discussed in this study 

because of inconsistent groundwater data. 

5.4 East Las Posas Basin Groundwater Sampling and Analyses and 
Comparison to South Las Posas Basin Groundwater 

To compare SLPB and ELPB groundwater TDS concentrations, TDS was 

plotted to observe any significant water quality trends (Figure 21 ). East Las Posas 

Basin (ELPB) wells are located near the western boundary of the SLPB. In the ELPB, 

Fox Canyon groundwater exhibited higher TDS concentrations than in Grimes Canyon 

groundwater (Figure 21). For one ELP well (2N20W08F01) screened in the Fox 

Canyon aquifer, TDS levels were similar to Grimes Canyon groundwater. For SLP 

wells, most wells exhibited elevated TDS levels similar to ELP Fox Canyon 

groundwater (Figure 21). For the alluvial aquifer, SLP groundwater TDS 

concentrations ranged from about 800 and 2,300 mg/L. 
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Figure 20. Groundwater analytical results for TDS, chloride, nitrate and sulfate for 2007 and 2008 sampling. Groundwater 
samples were collected by the VCWPD (2009). 
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Figure 21. TDS concentrations for selected South Las Posas and East Las Posas basin wells. Location of wells is shown 
on Figure 11 (Source: VCWPD, 2007). 



To compare ELP and SLP basin groundwater, four Berylwood Heights wells 

(#1 , #2, #3 and #4), located near the eastern boundary of the ELPB were sampled in 

March 2009. Berylwood Heights groundwater is slightly alkaline (pH at or > 7 

standard units) and fresh (TDS < 1,000 mg/L). Berylwood Heights historical (and 

including March 2009 sampling) groundwater results are presented in Tables 12 and 

13. Analytical results are presented in Appendix C (on enclosed CD). These results 

showed that between June 2003 and March 2009, TDS levels doubled in Well #1. 

Elevated nitrates were also detected in Wells #1 , #2, and #3 (Tables 12 and 13). 

Berylwood groundwater data were plotted on a Stiff diagram (Figure 22). Well #1 

does not exhibit the same chemical characteristics as Well 2, 3, and 4, as it exhibited 

the highest sodium, potassium, and carbonate concentrations. Well #1 groundwater is 

a different chemical character most likely because the well is screened over two water

bearing zones; this result may be from mixing of formation water(s). 

The US EPA enforces MCLs for inorganic and organic chemicals. Arsenic, 

barium, chromium, lead, nickel, selenium, and vanadium were detected in Berylwood 

Heights groundwater at low levels but did not exceed MCLs for the aforementioned 

metals, except for selenium; selenium was detected in groundwater from Well #1 at 

0.096 11g/L, which exceeds the MCL of 0.05 11g/L. 
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Figure 22. Berylwood Heights groundwater analytical results from March 2009 sampling. 

73 



Table 12 - Berylwood Heights Groundwater Analytical Results for 
General Minerals and Metals for Wells #1 and #2- October 1999 to March 2009 

We11#1 

Jon TMDL./MCLb Unit Oct-99 Oct-00 Nov-01 Oct-02 Jun-03 5ep-04 Aug-05 5eJ>-06 Aug-08 Mar-09 
TD5 1,500 mg/L 477 479 490 480 1,300 1,100 1,300 1,300 1,280 1,220 

Cl 250 mg/L 21 24 23 17 81 68 83 80 73 77 

504 700 mg/L 121 111 115 116 422 355 431 430 460 490 

8 1.0 mg/L <0.1 0.1 0.1 0.1 0.2 0.2 0.2 0.2 0.2 0.2 

Mn 0.05 mg/L 0.03 0.04 0.05 0.03 0.01 <0.01 0.03 0.02 0.05 ND 
Fe 0.3 mg/L 0.82 0.08 0.16 0.07 0.35 0.16 1.2 0.4 2.8 80 
Ca 25-50 mg/L 71 73 76 71 176 146 193 167 175 183 

Mg 25-50 mg/L 16 15 16 14 58 47 61 57 56 59 
Na 20-170 mg/L 38 38 36 40 88 74 95 91 93 93 

HC03 150-200 mg/L 200 200 210 210 250 230 250 250 250 250 

N03 10 mg/L 8 16 12 3.6 219 152 209 198 166 182 

F 2.0 mg/L 0.3 0.2 0.3 0.2 0.4 0.3 0.2 0.3 0.2 0.3 
Cu 1.0 mg/L <0.01 <0.01 0.01 0.01 <0.01 <0.01 0.01 0.08 0.12 <0.01 

Zn NA mg/L <0.02 <0.02 <0.02 0.03 <0.02 <0.02 <0.02 <0.02 0.03 <0.02 

Well#2 

Jon TMDL./MCLb Unit Oct-99 Oct-00 Nov-01 Oct-02 Jun-03 5ep-04 Aug-05 5ep-06 Aug-08 Mar-09 
TD5 1,500 mg/L 484 349 450 470 470 530 540 510 406 290 
Cl 250 mg/L 21 16 24 17 29 30 32 33 14 18 

504 700 mg/L 128 39 96 119 126 141 134 129 103 43 
8 1.0 mg/L <0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 <0.1 
Mn 0.05 mg/L 0.04 0.02 0.1 0.05 0.05 0.05 0.05 0.06 <0.01 <0.01 
Fe 0.3 mg/L 0.14 0.05 1.8 0.19 0.26 0.2 0.15 0.49 0.21 <0.05 
Ca 25-50 mg/L 73 48 69 71 76 79 83 77 61 46 
Mg 25-50 mg/L 15 11 17 14 15 16 17 16 11 11 
Na 20-170 mg/L 37 29 28 38 38 40 43 39 34 28 
HC03 150-200 mg/L 200 190 200 210 210 210 210 190 180 180 

N03 10 mg/L 7 13 12 2.2 17 14 15 17 0.5 15 
Fe 2.0 mg/L 0.3 0.3 0.2 0.2 0.3 0.3 0.3 0.2 0.3 0.3 
Cu 1.0 mg/L <0.01 <0.01 0.02 <0.01 0.01 <0.01 0.01 0.06 0.42 20 
Zn NA mg/L <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 0.04 0.23 <0.02 
Notes: 
NA = No TMJL or fv1CL available for ion. 
a= TMJL limit is for TDS, B, 804 and Cl only (LARWQCB, 1994). 
b = Primary fv1CL is for Zn, Cu, N03, F; Secondary fv1CL for Ca, M;j, Na, Fe, Mn, Zn, C03 (EPA 2008). 
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Table 13 - Berylwood Heights Groundwater Analytical Results for 
General Minerals and Metals: October 1999 to March 2009 

Well#3 

I on TMDL3 /MCLb Unit Oct-99 Oct-00 Nov-01 Oct-02 Jun-03 5ep-04 Aug-05 5ep-06 Aug-08 

TD5 1,500 mg/L 489 510 510 470 550 560 NM 550 551 

Cl 250 mg/L 25 34 33 18 40 42 NM 41 43 

504 700 mg/L 119 100 102 110 114 122 NM 112 117 

8 1.0 mg/L <0.01 0.1 0.1 0.1 0.1 0.1 NM 0.1 0.1 

Mn 0.05 mg/L <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 NM 0.02 <0.01 

Fe 0.3 mg/L <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 NM 0.17 <0.05 

Ca 25-50 mg/L 74 76 79 69 80 82 NM 78 79 

Mg 25-50 mg/L 17 17 19 14 18 18 NM 18 19 

Na 20-170 mg/L 38 38 37 40 40 40 NM 40 41 

HCO 150-200 mg/L 200 210 210 210 220 210 NM 220 210 

N03 10 mg/L 14 32 32 6.6 38 40 NM 39 40 

F 2.0 mg/L 0.3 0.3 0.3 0.2 0.4 0.4 NM 0.3 0.3 

Cu 1.0 mg/L 0.01 0.02 0.1 0.01 <0.01 0.02 NM 0.19 <0.01 

Zn NA mg/L <0.02 <0.02 <0.02 <0.02 <0.02 0.04 NM 0.1 4 <0.02 

Well#4 

I on TMDL3 /MCLb Unit Oct-99 Oct-00 Nov-01 Oct-02 Jun-03 5ep-04 Aug-05 5ep-06 Aug-08 

TD5 1,500 mg/L 460 460 480 480 490 530 520 480 539 

Cl 250 mg/L 15 14 15 16 21 24 26 27 33 

504 700 mg/L 129 124 126 124 137 157 147 142 164 

8 1.0 mg/L <0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 

Mn 0.05 mg/L 0.08 0.07 0.08 0.08 0.08 0.09 0.09 0.11 0.12 

Fe 0.3 mg/L 0.16 0.14 0.21 0.36 0.4 0.35 0.25 1.3 5.3 

Ca 25-50 mg/L 74 70 74 71 73 78 82 75 84 

Mg 25-50 mg/L 14 13 14 14 13 14 15 14 15 

Na 20-170 mg/L 36 36 36 39 37 40 42 39 40 

HCO 150-200 mg/L 190 200 210 210 210 210 200 180 200 

N03 10 mg/L <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 0.9 <0.04 

Fe 2.0 mg/L 0.3 0.3 0.3 0.2 0.3 0.3 0.3 0.2 0.2 
Cu 1.0 mg/L <0.01 <0.01 <0.01 O.Q1 <0.01 <0.01 <0.01 0.01 0.01 
Zn NA mg/L <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 0.03 <0.02 
Notes: 
NM = Not measured 
NA = No MCL available for constituent. 
a= TMDL limit is for TDS, B, S04 and Cl only (LARWQCB, 1994). 

b = Primary MCL is for Zn, Cu, N03, F; Secondary MCL for Ca, Mg, Na, Fe, Mn, Zn, C03 (EPA, 2008) . 
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5.5 Las Posas Valley Groundwater Level Analyses 

In the Las Posas Valley, groundwater levels have fluctuated over the last 1 00 

years most likely from development of water resources for agriculture, implementation 

of artificial recharge via the LPB ASR Program, and extended periods of drought. In 

the 1900s, seeps and springs were reported to have flowed in the arroyo, which would 

indicate high groundwater levels (CSWRB, 1953). Through the 1960s, the Las Posas 

Valley groundwater levels rose on average between 100 to 150 feet (Figure 23) 

(CH2MHill, 1993; and FCGMA, 2007). Alluvial deposits along the arroyo have 

progressively been saturated to the elevation of the arroyo, starting in westem Simi 

Valley in the 1960s, and moving westward towards Moorpark through the 1990s 

(Bachman, 2002). 

The rise in groundwater levels has been attributed to the increase in recharge 

through percolation of arroyo water, originating from wastewater treatment plants and 

groundwater being discharged directly into Arroyo Simi from the Simi Valley 

dewatering project (FCGMA, 2007). Figure 23 shows a distinct pattem of 

groundwater levels between the Las Posas Valley sub-basins. Groundwater levels 

increased up to 180 feet in the SLPB (Figure 23) over the past 25 years. However, in 

the ELP and WLP sub-basins, most hydrographs show water levels increasing since 

the late 1980s, typically reaching the highest levels around 1998 (Figure 23 ). 
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Figure 23. Groundwater levels for Las Posas Valley sub-basin wells from 1970 to 1998. Figure 23 also shows the start of 
water importation (1980) and groundwater extraction (1985) for Las Posas Valley (Source: CH2MHill, 1993). 



In the SLPB, groundwater levels have risen since the mid-1970s, chiefly due to 

water importation into the basin. However, in the 1980s, groundwater extraction 

commenced in the Las Posas Valley thereby causing groundwater levels to decline in 

the ELP and WLP sub-basins. For the SLPB, however, groundwater levels continued 

to rise until about the mid-1990s due to limited groundwater extraction and increasing 

imported water use (Figure 24). 

Between 1988 and 2001 , groundwater extraction does not appear to affect 

SLPB groundwater elevations, which remained relatively stable throughout this 

period, even during the El Nifio event of 1997-98, which produced more than 30 

inches of rainfall. However, in 2002, when over 2,000 AF of groundwater was 

extracted from the basin, the basin groundwater levels did not recover to equilibrium 

levels until 2005, an El Nifio year, which produced >30 inches of rainfall (Figure 25). 
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Figure 24. Groundwater elevation over time for two South Las Posas Basin wells (2N19W05K01 and 2Nl9W08H02) plotted versus 
groundwater extration (Source: VCWPD, 2007). 
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Figure 26 presents a groundwater hydrograph for five ELP wells from 1986 to 

2009. All but two wells (2N20W03K02 and 2N20W01M01) show a groundwater 

level increase from 1987 to 1994 along with a small decline in levels from 1995 to 

2004. In 2005 , a year with >30 inches of rain, levels increased 25 ft in three of the 

five wells (Figure 26). For well 2N20W01M01 , a 25 ft increase was observed, 

followed by a 75 ft decline in groundwater level. Well 2N20W03K02 exhibited a 

different groundwater elevation behavior from other ELPB wells, declining 1 00 ft 

between 1986 and 1994 and remaining stable between 1995 and 2009. 

Figure 27 presents a groundwater elevation hydrograph for five WLP wells 

from 1986 to 2009. All five wells show an overall groundwater level decline between 

1986 and 1993-94, followed by a groundwater level rise until 2009. Three ofthe wells 

(2N21W12H01, 2N20W06N01 , and 2N20W06R01) exhibited slight fluctuations from 

year to year; however, 2N20W08F01 and especially 2N21 W09D02 exhibited greater 

fluctuations between 1986 and 2009. Furthermore, between 1994 and 1995, 

2N20W06NO 1 showed a significant increase of 150 ft rise in elevation, followed by a 

decline of 75 ft (Figure 27). After 1995, groundwater elevations in 2N20W06N01 

followed the same pattern( s) as in 2N21 W 12HO 1. 
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Groundwater Elevations Over Time- East Las Posas Basin Wells 
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Figure 26. Groundwater elevations over time for five East Las Posas Basin wells from 1986 to 2009 (Source: VCWPD, 2007). 
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5.6 Basin Hydrologic Budget Analysis 

This section presents the results of the hydrologic budget analysis for the study 

period of 1997 to 2007. Annual outflows were subtracted from inflows, which 

estimated the change in storage for the basin for that year. Inflows and outflows are 

discussed separately in Sections 5.6.1 and 5.6.2. A tabular summary of all results is 

presented in Table 15. 

5.6.1 Inflows 

This basin hydrologic budget estimates the following inflows entering the 

SLPB: 
• Precipitation 
• Surface inflow 
• Subsurface inflow 
• Water imports and wastewater treatment plant discharges 

Other small inflows include deep irrigation percolation; however, these sources are 

likely insignificant, and were not incorporated into this budget. 

5.6.1.1 Precipitation 

As rainfall occurs, there are several factors that control its destination, which 

include: rainfall intensity, atmospheric temperature, relative humidity, land use, 

surficial geology, soil type, land surface gradient or topography, and vegetative cover. 

If a portion or all of the rainfall evaporates before reaching the ground surface, it does 

not contribute to the groundwater budget of the basin or watershed (Evensen, 1997). 

Figure 28 presents historical (average) rainfall for original and current Station No. 

141-141A from 1988 to 2008. Total rainfall for the period at this station was 316.7 

inches for the basin with an average of 15.1 inches per year. During this same period, 
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Figure 28. Annual mean rainfall from 1988 to 2008 for the South Las Posas Basin, 
measured by Gauge No. 141-141A (Source: VCWPD, 2007). 

5.6.1.2 Surface Inflow 

Surface inflow is mainly contributed by the SVWQCP and dewatering project 

or natural seepage flow water emanating from the Simi Valley Groundwater Basin. 

The SVWQCP treats all of Simi Valley's water and has a plant design capacity of 12.5 

million gallons per day (mgd), but discharges an average daily flow of about 10 mgd 

or 3,200 to 3,650 million gallons per year (mgy) into Arroyo Simi. Station No. 803 

records surface inflow in cfs and were converted to AF to show average annual surface 

inflow, which averaged 1,242 AF from 1987 to 2007 (Figure 29). Surface inflow 

peaked during years 1992, 1993, 2004 and 2005 due to heavy rainfall during those 

years. 
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Figure 29. Annual mean surface inflow in acre-feet for the South Las Posas Basin measured by 
stream gauge Station No. 803 (Source: VCWPD, 2007). 

5.6.1.3 Subsurface Inflow 

Subsurface inflow includes subsurface flow from the adjacent Simi Valley 

Basin, which is directly east of the SLPB. In 1953, CSWRB determined subsurface 

inflow into the SLPB to be 100 to 586 AFY (from older rocks) . More recently, the 

USGS estimated the total subsurface inflow of 11 ,240 AFY into the upper and lower 

aquifer system of the SLPB from the adjacent Simi and Arroyo Santa Rosa basins in 

their RASA Study. The increase from the earlier CSWRB estimate is reasonable since 

the upstream Simi Valley Basin was entirely dependent upon groundwater and 

sparsely populated in 1953, whereas the Simi Valley Basin today is almost entirely 

dependent on imported water. Since the Simi Valley Basin had been full for several 

years when the 1993 subsurface inflow estimate of 586 AFY was determined, it can be 

safely assumed that the higher of the two figures is more representative of current 

conditions. 
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5.6.1.4 Basin Imports and Wastewater Treatment Plant Discharges 

On average, the MWTP discharges between one and three mgd but does not 

discharge any treated wastewater directly into the arroyo. Since the waste stream was 

upgraded to a tertiary level of treatment, a significant portion of the MWTP discharge 

is recycled to supplement agricultural and landscape irrigation needs. Wastewater 

discharge is thus only a moderate contributor to the underlying aquifer system, but was 

still considered in this hydrologic budget. 

In 1998, the District began participating in the California Groundwater Storage 

Program (GSP) to reduce extractions from their municipal supply wells. These 

programs allowed the District to minimize pumping and extraction of local 

groundwater, by receiving State Water Project supplies whenever available. For 2008 

and 2009, the following groundwater production data were acquired from the District 

(personal communication from MWTP personnel, 4/2009) (Table 14): 

Table 14- Groundwater Production Data in Acre-feet for Ventura County 
Waterworks District No.1- 2008 and 2009 

Customer and/or Source 2008 2009 
Local Water 2,004.3 2,109.3 

Imported Water 11 ,205 .1 10,206.19 
Agricultural 1,887.8 2,872.3 

Non-agricultural 11,321.6 9,503 .9 
(Source: MWTP, 2009). 

In 2008, the District supplied approximately 12,400 AF of water for AG 

purposes; 16% of it was from local sources(~ 2,004 AF from District wells) and the 

rest was from imported sources. Approximately 78% of the total water delivered was 

used for domestic, commercial, industrial, and fire protection purposes and the 

remaining 22% was used for agricultural activities. Between 2008 and 2009, about 
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2,000 to 2,100 AF (or 17% of total production) of local groundwater was used in the 

basin. 

5.6.2 Outflows 

This section of the basin hydrologic budget estimated the following outflows 

leaving the SLPB: 

• Evapotranspiration 
• Surface outflow (streamflow) 
• Subsurface outflow (underflow) 
• Groundwater extraction 
• Basin exports 

5.6.2.1 Evapotranspiration (ET) 

Based on the CIMIS system, California is sub-divided into 18 zones (e.g. , 

Coastal Plains Heavy Fog Belt) and California' s ET ranges from 33 to 71 inches 

annually, depending on the zone. Ventura County is located within Zone 9, which 

shows an annual average ET of 55.1 inches, which correlates quite well with measured 

ET data collected by the FCGMA. For the SLPB, from 1997 to 2007, the ET averaged 

35.5 inches (31 ,240 AF). For 1997, ET data were unavailable; therefore, the ET for 

2003 (26, 154 AF) was used as an alternative value (VCWPD, 2007). 

5.6.2.2 Surface Outflow 

Surface outflow data from stream gauge Station No. 841 was used for this 

hydrologic budget. Surface outflows in AF are presented in Figure 30. Station No. 

841 records surface outflow in cfs, and values were converted to AF to show average 

annual surface outflow, which averaged 2,300 AF per year from 1992 to 2008. 

Surface outflow peaked during years 1993, 1995, 1998 and 2005 due to heavy rainfall 

during those years. 

88 



-u.. 
<{ -
~ 
0 

-.::: c 
<1> 
0 
ro 
't: 
::::J 
(/) 

8000 
-+- Surface Inflow 

7000 

6000 

5000 

4000 

3000 

(\ 
I \ 

\ 
Average Surface Inflow \ = 1.242AF 

\ \ 2000 

1000 ------------~--~--~--~--------------J _______ \-----~--
~__/ v 

0 
1987 1992 

\._ 

1997 
Year 

_./ 

2002 

'--/ 

2007 

Figure 30. Surface outflow recorded in acre-feet for the South Las Posas Basin by stream 
gauge Station No. 841 (Source: VCWPD, 2007). 

5.6.2.3 Subsurface Outflow 

Subsurface outflow is described here as the amount of subsurface groundwater 

flow leaving the SLPB. The ELPB and SLPB are hydraulically connected; therefore, 

the ELPB receives subsurface outflow (leakage) from the SLPB. Several horizontal 

and vertical subsurface outflow scenarios (with and without water cutbacks) were run 

in the RASA groundwater model through 2017 (USGS, 1998). Based on the RASA 

study (1998), for the UAS and LAS, average annual subsurface outflow was estimated 

to be 9,600 AF. 

5.6.2.4 Groundwater Extraction 

The FCGMA has collected groundwater extraction data for all basin wells 

since 1986 and tabulated in the FCGMA computer data base for each well from 1986 

to present. Figure 31 shows the historical groundwater extractions for SLPB wells 

from 1986 to 2009. Although several dozen wells extracted groundwater as the sole 
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source for many decades in the past, it is now only extracted from approximately 30 

active remaining wells within the basin. From 1986 to 2009 (the period during which 

complete annual extraction volumes are available), the total volume of groundwater 

extracted was 40,328 AF with an annual average extraction (Figure 31) of about 1,750 

AF (for both AG and M&I purposes). For this hydrologic budget, an extra 15% 

(estimated by FCGMA in 2007) was added to well operator-reported groundwater 

extraction amounts to compensate for possible errors or non-reporting groundwater 

users within the basin. 
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Figure 31. Annual groundwater extraction for AG and M&I wells in the South Las Posas 
Basin (Source: FCGMA, 2007). 

Since the 1990s, the rate of groundwater extraction from M&I wells has 

decreased due to degradation of groundwater quality (R. Pakala, personal 

communication, 8/22/2007). In the mid 1990s, the percent groundwater extracted was 

approximately 85% AG and 15% M&I. However, by 2009, the use of groundwater 

extracted was approximately 98% AG and 2% M&I. To compensate for this decrease 

in quantity due to poor water quality, the local groundwater has been blended with 
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better quality imported water to improve the overall water quality for basin water 

users. In addition, The District shifted their groundwater pumping to the ELP wells 

and away from their SLP wells. Groundwater extraction within the basin also varies 

from year to year depending on the crops that are grown and the amount of effective 

rainfall that influences well use (B. Bondy, personal communication, 4/7/201 0). 

5.6.2.5 Basin Exports 

Groundwater from the basin has been exported to adjacent residential/private 

farm parcels. In this study, 24 parcels in the ELPB and eastern end of the WLPB were 

identified from aerial photographs as "outside" areas receiving SLP water. The 

amount of exported water is difficult to quantify due to data gaps in record keeping 

and many users who utilize multiple water sources. Based on the methodology 

previously stated in Section 6.3 , Basin Hydrologic Budget Development, total basin 

exports average about 2,600 AFIY. 

5.6.3 South Las Posas Basin Hydrologic Budget Summary 

The hydrologic budget equation combines all inflows, outflows and results in a 

change in storage summary for years 1997 to 2007 (Table 15). As Table 15 indicates, 

for inputs such as basin imports and wastewater treatment plant discharges, these 

values are fairly consistent from year to year. For most outputs such as ET, surface 

outflow, groundwater extraction and basin exports remain fairly constant for the study 

period. In addition, subsurface inflow and outflow is also the same from year to year, 

because limited data were available from the RASA Study (1998) to use for the entire 

study period. When all the components were entered into the hydrologic budget, 

residual values (the imbalance between the inflow and outflow components) ranging 
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from about -12,000 AF to +24,000 AF remained. The results also indicated that there 

was a negative change in storage for years 1999, 2002, 2006 and 2007. 

Based on the total mean values from water years 1997 to 2007, about a quarter 

of the inflow to SLPB comes from rainfall. Wastewater treatment plant discharge and 

imported water account for about one-half of inflow, subsurface inflow accounts for 

approximately 20 percent of the mean total inflow, and surface water directly into the 

arroyo accounts for less than five percent. Evapotranspiration accounts for about two

thirds of the total mean outflow and subsurface outflow accounts for about 20 percent 

of the mean total outflow. Surface water discharges into the arroyo, groundwater 

extraction, and basin each account for approximately four to five percent of the mean 

total outflow. 

Figure 32 shows rainfall plotted versus change in storage. Significant rainfall 

occurred in 1998 (32 inches or 28,168 AF) and 2005 (3 5 inches or 30,659 AF) as a 

result of El Nifio events. Because of the high rainfall that occurred in 1998 and 2005 , 

the change in storage is positive and does not appear to be impacted and is comparable 

to the amount of rainfall in those years. However, between 1999 and 2004, which was 

a period of significantly lower rainfall (and averaging about 11 inches per year), this 

pattern is not evident (Figure 32). 
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Table 15 - Summary Table for South Las Posas Basin Hydrologic Budget: 1997 to 2007 

Surface Subsurface Imported Surface Subsurface Groundwater Basin 
Year Rainfall V\IWTP ET 

Inflow Inflow Water Outflow Outflow Extractions Exports 

1997 12,821 655 11 ,984 11 ,240 10,213 26,154 1,427 9,600 1,627 2,600 
1998 28,160 650 12,880 11 ,240 7,443 25,590 4,374 9,600 2,712 2,600 
1999 6,547 685 12,320 11 ,240 8,711 31 ,275 1,461 9,600 1,598 2,600 
2000 10,964 552 12,432 11 ,240 10,966 28,186 1,565 9,600 1,868 2,600 
2001 14,854 479 12,656 11 ,240 9,126 36,731 2,327 9,600 1,655 2,600 
2002 5,253 922 12,432 11 ,240 11 ,194 35,323 1,142 9,600 2,650 2,600 
2003 12,786 6,899 12,544 11 ,240 11 ,193 26,154 2,208 9,600 1,927 2,600 
2004 6,802 3,263 12,208 11 ,240 11 ,757 29,374 1,782 9,600 2,019 2,600 
2005 30,659 818 12,768 11 ,240 13,168 25,230 5,897 9,600 2,065 2,600 
2006 13,552 513 11 ,984 11 ,240 11 ,397 38,694 1,613 9,600 1,883 2,600 
2007 4,725 1,630 12,992 11 ,240 12,203 41 ,193 1,272 9,600 1,402 2,600 

Notes: All values are in acre-feet (AF). 
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Figure 32. Rainfall (in AF) versus change in storage (in AF) for the basin hydrologic budget 
for 1997 to 2007 (Source: VCWPD, 2007). 

5. 7 Aquifer Characteristics 

The following sub-sections present estimates of aquifer characteristics for the 

SLPB including well yield, safe yield, hydraulic gradient, hydraulic conductivity, 

transmissivity, groundwater discharge and groundwater storage volume. 

5.7.1 Well Yield and Specific Capacity 

From well record analyses, well yields and drawdown were previously 

estimated during aquifer tests and well construction activities. For the Epworth 

Gravels, Fox Canyon and Grimes Canyon aquifers, well yields range from 75 to 1,400 

gpm (FCGMA, 2007). However, for individual aquifers (e.g., Fox Canyon), the 

ranges are much smaller. For example, Epworth Gravels well yields range from 200 

to 540 gpm with an average yield about 400 gpm. For the deeper Fox Canyon and 

Grimes Canyon aquifers, Fox Canyon aquifer yields range from about 300 to 900 gpm, 

whereas the Grimes Canyon aquifer yields water ranging from about 75 to 1,400 gpm. 
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Although both the Fox Canyon and Grimes Canyon aquifers have yields that average 

about 600 gpm, the Grimes Canyon aquifer shows a wider range of well yields. 

Specific capacity is a value that can be used to provide a well design pumping 

rate or maximum yield for a well and to determine the transmissivity of an aquifer 

(Driscoll, 1986). Specific capacities for SLPB wells were estimated for this study and 

are presented in Table 16. For the Epworth Gravels aquifer, specific capacity (Sc) 

ranges from 1 to 27 gpm/ft. For the Fox Canyon and Grimes Canyon aquifers, specific 

capacities range from 0.15 to 100 gpm/ft. In the SLPB, wells are not developed in the 

alluvium (or shallow) aquifer, therefore, no specific capacity data were available. 

Table 16- Well Yield/Specific Capacity for South Las Posas Basin Aquifers 

Well or 
Well 

Draw down Sc Well ID Aquifer Yield a 
Boring (gpm) 

(ft)a (gpm/ft) 

BW33N5 Irrigation Epworth 200 210 1 
W2D3 Irrigation Epworth 540 20 27 
W8G3 Irrigation Epworth 450 30 15 
BW33K1 Municipal Fox 650 320 2 
W5F2 Irrigation Fox 297 300 1 
W2A1 Test Hole Fox 450 50 9 
W6F1 Irrigation Fox 890 12 74 
W6K1 Irrigation Fox 720 30 24 
W8H2 Irrigation Fox 700 26 27 
W4K1 Unknown Grimes 750 420 2 
W5B1 Irrigation Grimes 75 505 0.15 
W7F1 Irrigation Grimes 1,400 14 100 
W9N2 Irrigation Grimes 135 65 2 
a = Well yields and drawdown previously determined tn pump tests during well 
construction activities (FCGMA, 2007). 

5.7.2 Safe Sustainable Yield 

Safe yield, and sometimes referred to as "sustainable yield", is used to quantify 

the amount of water that can be pumped from an aquifer without producing negative 
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effects (e.g., overdraft). In 2010, the Las Posas Users Group estimated the safe 

sustainable yield of the SLP and ELP basin together to be at 15,000 AFY, under the 

assumption that the two basins are hydraulically connected (FCGMA, 201 0). Based 

on the water elevation difference between the two alluvium-developed wells, 

2N19W05K01 and 2N19W08H02, safe sustainable yield for the SLPB over 2007 and 

2008 was estimated between 10,000 and 11 ,000 AF (Table 17). 

Table 17 - Safe Sustainable Yield for the South Las Posas Basin: 
2007 and 2008 

Water 
Basin Specific Sustainable Elevation 

Year Change 
Area Yield Yield 

(ft) 
(ac) (per cent) (AF) 

2007 12.4 10,560 0.08 10,500 
2008 11.9 10,560 0.08 10,000 

5.7.3 Hydraulic Gradient 

Within the SLPB, hydraulic gradients mostly mimic topography and are 

influenced by the basin's geologic setting and groundwater flow, from the margins to 

the central portion of the basin and south to southwest along Arroyo Las Posas. For 

this study, groundwater levels for two wells (2N19W05K01 and 2N19W08H02) 

(Figure 33) were used to determine a gradient range for the UAS within the SLPB; the 

hydraulic gradient ranges from 0.00002 to 0.0001 ft/ft, respectively (Table 18). Also, 

winter hydraulic gradients do not differ from summer gradients. 

96 



/ 

2N21W09002 2NliWI21101 

-------····· 2N20\IIOJKOl I 

I 
I 

2N20W06NOI 2N20WI0002 

2N20\I/06ROI 

2N20W08f01 2N20WIOGOI 

2N20\I/OIMOI 

I 
( 

N A o o.s 1 

1 in = 1 miles 

" 2Milos 

Legend 

, f,.OUthJ, ,~., .... .. 

J <-a!:.l'la~s.-.5 

Figure 33. Location oftwo South Las Posas Basin wells (2Nl9W05K01 and 2Nl9W08H02), 
abbreviated well rD WOSKOl and W08H02, used to determine hydraulic gradient. 

T bl 18 H d r G d" t £ th S th L P B . a e - LYI rau IC ra Ien or e ou as osas asm 
Average Distance 

Hydraulic 
Groundwater Between 

Year Well IDa 
Elevation Two Wellsb Gradient 

(ft msl) (ft) 
(I) 

2007 2N19W05K01 469.6 4,800 0.00002 
2007 2N19W08H02 469.7 4,800 0.00002 
2008 2N19W05K01 469.3 4,800 0.0001 
2008 2N19W08H02 468.6 4,800 0.0001 

a= Only two wells were selected to estimate safe yield . 
b =Distance between 2Nl9W05KOI and 2N19W08H02 was determined in ArcView 9.3 . 

5.7.4 Hydraulic Conductivity 

From previous studies by CH2MHill (1993), hydraulic conductivities range from 

approximately 3 to 80 ft/day based on a three-dimensional groundwater flow model of 

the basin. However, for this study, K values were chosen by using the methodology 

described in Section 4.7 (Determination of Aquifer Characteristics) for all four 
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aquifers and are presented in Table 19. Hydraulic conductivity (K) values range from 

0.28 to 28 feet/day. The Epworth Gravels aquifer has the highest Kat about 28 ft/day, 

whereas the Grimes Canyon aquifer has the lowest Kat 0.28 ft/day. 

5.7.5 Transmissivity 

Transmissivities were calculated by usmg the methodology described in 

Section 4.7 (Determination of Aquifer Characteristics) for the SLPB aquifers and are 

presented in Table 19. Transmissivities range from 22 to 1,400 ft2/day. The Epworth 

Gravels aquifer has the highest transmissivity at 1,400 ft2/day, whereas the Grimes 

Canyon aquifer has the lowest transmissivity at 22 ft2/day. 

Table 19 - Hydraulic Conductivity and Transmissivity for the 
S h L P B . A .£ out as osas asm ,qm ers 

Aquifer 
b K K Ta 

(ft) (em/sec) (ft/day) (ft2/day) 
Alluvium 95 10-j 2.8 266 

Epworth Gravels 50 10-L 28 1,400 
Fox Canyon 62/73/140 10-j 2.8 174/204/392 

Grimes Canyon 77 10-4 0.28 22 
.. 

a= TransmiSSIVIty was calculated for each Fox Canyon member. 

5.7.6 Groundwater Discharge 

Groundwater discharge (Q), or Darcy velocity, was determined for each aquifer 

by using Eq. 8 and methodology described in Section 4.7 (Determination of Aquifer 

Characteristics) for each aquifer and then totaled to estimate total Q for the basin 

(Table 20). The highest Q ranges from 300 to 1,600 ft3 /day in the Epworth Gravels 

aquifer, whereas the lowest Q ranges from 3 to 25 ft3 /day in the Grimes Canyon 

aquifer. The total discharge (Q) for the SLPB aquifer system was estimated to range 

from 500 to 3,000 ft3/day (Table 20). 
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Table 20 - Groundwater Discharge for South Las Posas Basin Aquifer System 

Cross-
Hydraulic Groundwater 

Sectional 
Aquifer Area Conductivity Gradient Discharge (Q) 

(ft2) (ft/day) (fe/day) 

Alluvial 1,100,000 2.8 0.00002- 0.0001 60- 300 
Epworth Gravels 580,000 28 0.00002- 0.0001 300- 1,600 

Fox Canyon 3,200,000 2.8 0.00002- 0.0001 200- 900 
Grimes Canyon 890,000 0.28 0.00002- 0.0001 3-25 

Total Discharge 500-3,000 

5.7.7 Groundwater Storage Volume 

As previously documented by CH2MHill (1993) and FCGMA (2007), 

groundwater levels have stabilized near historic highs. The total groundwater storage 

volume for the SLPB aquifer system is estimated to be 660,000 AF, whereas the actual 

recoverable groundwater volume is estimated to be 91,000 (Table 21). 

Table 21- Groundwater Volume (in Storage) for the 
ou as osas asm ~qm er ,ys em S th L P B . A 't S t 

Area b Sy orS3 Recoverable 
Aquifer Name Volume/Total Volume (a c) (ft) (%) 

(AF) 
Alluvium 10,560 95 0.08 6,000/80,000 

Epworth Gravels 10,560 50 0.06 1 '900/3 2, 000 

Fox Canyon3 10,560 62/73/140 0.15 65,000/430,000 

Grimes Canyon 10,560 77 0.15 18,000/120,000 

Total 91,000/660,000 

a= Sy and S values were est1mated by methodology described in Section 4.7 (Determination of 
Aquifer Characteristics). 
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5.8 South Las Posas Basin Hydrostratigraphy Visualization in 2D and 3D 

Hydrostratigraphic units were originally defined by Maxey (1964) as bodies of 

rock with considerable lateral extent that act as a reasonably distinct hydrologic 

system. From Maxey' s definition, a single hydrostratigraphic unit may include a 

formation, part of a formation, or a group of formations. Fetter (1994) also suggests 

that to be an aquifer, the rock unit should have an intrinsic permeability of at least 0.01 

darcy or a hydraulic conductivity of at least 0.03 ft/day. Geologic data from 100 well 

logs were collected and analyzed to describe the hydrostratigraphy in a generalized 

stratigraphic column (Figure 34). 

Laterally across the SLPB, it is evident that sand and gravel appear to be more 

common in the eastern portion of the basin. In contrast, clay, shale, and gravel are 

more prevalent in the central portion of the basin. Clay, sand, and shale are more 

dominant more dominant in the western portion of the basin. In addition, after 

observing the dominant lithology (over 75%) in each well log, some general 

observations were made to determine dominant grain size and lithology patterns. For 

example, well logs show finer grain size toward the coast, whereas grain size increases 

towards Simi Valley consistent with very long-term east-to-west flow patterns and 

higher elevations in the north and east. In addition, shells and shell fragments are 

present in well logs in the central region of the basin but are absent in the eastern 

portion of the basin. The presence of shells observed in well logs confirmed that the 

Pleistocene coastline was previously located in the eastern Camarillo and western 

Moorpark area (central SLPB) as previously documented by Devecchio and Keller 

(2007). 
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An east-west transect of the SLPB (Figure 35) was chosen to illustrate the 

hydrostratrigraphy on a geologic cross section (Figure 36). The SLPB is characterized 

as an alluvial basin predominantly consisting of gravel, sand and clay that has been 

eroded and transported by water flowing off the surrounding hills and mountain 

ranges. Happy Camp Canyon and a few smaller canyons also contribute sediments to 

the basin floor (Plate 1 ). The average thickness of alluvium ranges from 100 to 200 ft 

across most of the basin (Figure 34) and consists primarily of yellow medium to fine 

silty sand with gravel and clay. 

Below the alluvium is the Epworth Gravels aquifer, which is typically found at 

depths ranging from approximately 120 to 180 feet (Figure 34). The Epworth Gravels 

aquifer has a maximum thickness of 200 ft bls with an average thickness of 50 feet of 

yellow gravel, gravelly clay, and silt, grading westward and southward into silt and 

clay. The Epworth Gravels are probably remnants of an ancient alluvial fan or series 

of fans, which accounts for their limited extent and sometimes non-connected 

geographic nature. The gravels have been folded and partially eroded so that they now 

outcrop in limited locations, and underlie a total area of about six square miles 

generally trending in an oblate east-west lineage. The aquifer units within the lower 

aquifer system, by contrast, are commonly separated from each other by lower 

permeability confining shale units and have been cut by regional fault systems or 

folded by predominant north-south crustal compressive forces (FCGMA, 2007). 

Below the Epworth Gravels is a thick, semi-confining clay layer (Aquitard 1) 

that ranges in thickness from a few feet to 300 ft and averages approximately 100 ft in 

thickness. The thickest section of this confining layer lies in the eastern portion of the 
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Figure 35. Index map for South Las Posas Basin geologic cross section D-D' (Rock Works™, 2006). 
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SLPB (Figure 34). At the top of this semi-confining clay layer, the lithology shifts 

from coarse to finer grains, which includes mostly blue clay with sand. In the eastern 

part of the basin, the confining clay layer prevents recharge to the lower aquifer 

system predominantly in the eastern to central portion of the basin. 

Below Aquitard 1 is the Fox Canyon aquifer, which is divided into three sub

members: Late Fox, Middle Fox and Main Fox (Figure 34). Three semi-confining 

clay layers separate each sub-member and are identified as Aquitards 2, 2A and 2B on 

Figure 34. Aquitards 2 and 2A consist primarily of sandy blue clay, whereas Aquitard 

2B consists mainly of red clay. The Late Fox Canyon member ranges in thickness 

from approximately five to 178 feet, with an average thickness of about 60 feet and 

consists of coarse blue sand, gravel and conglomerates. The Middle Fox Canyon sub

member ranges in thickness from a few feet to 130 feet, with an average thickness of 

approximately 70 feet and consists of mostly coarse blue sand. The thickest Fox 

Canyon sub-member, the Main Fox, ranges in thickness from seven to 525 feet, with 

an average thickness of 140 feet (Figure 34) and consists of mostly sand and gravel 

with some shells. Out of all three Fox Canyon sub-members, the Late Fox Canyon 

sandstone has the largest grain size. Because of folding and faulting, Fox Canyon 

sands can be found at depths ranging from about 360 to 800 feet. The Main Fox 

Canyon member is thickest in the central portion of the basin, where it consists 

primarily of fine to medium sand and gravel. 

The deeper Grimes Canyon aquifer averages about 300 feet in thickness, but 

ranges to about 500 feet maximum thickness in the SLPB (CH2MHill, 1993). The top 
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of the Grimes is generally found at depths between 700 and 1,000 feet. Beneath the 

Grimes Canyon aquifer is the thickest Aquitard (3) of the remaining five aquitards. 

An isopach map representing the alluvium thickness is shown on Figure 37 and 

shows that the alluvium ranges in thickness between about 100 and 200 ft. A 

structural elevation map overlay for the alluvial aquifer is shown on Figure 38. A 

structural rise (e.g. , fold) was confirmed and shown on Figure 38 in the northern 

portion of the basin, which correlates to the Moorpark Anticline as shown in Plate 1. 

Figures 39 through 43 show the results of correlating the hydrostratigraphic columns 

to the electric well log diagrams to verify the depth and thickness of aquifers. 
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All hydrostratigraphic and confining to semi-confining units were plotted in 

RockWorks™ to visualize the aquifer system in a 3D model. The model covers the 

area outlined by the Dibblee (1992) 1 :24,000 eastern Moorpark and western Simi 

Valley Quadrangles (Figure 44). The model volume is 1.5 x 1012 fe, its upper 

boundary is the alluvial aquifer, and it extends to the lower boundary of Aquitard 3. 

Sufficient data are available to incorporate local thickness variation into 11 

model horizons. The stratigraphic horizons are selected for hydrogeologic associations 

(Plate 1) and represent both aquifer and confining unit strata. Model horizon 

designations, from upper to lower and youngest to oldest, are as follows: 

1. Alluvium 
2. Epworth Gravels 
3. Aquitard 1 
4. Late Fox Canyon 
5. Aquitard 2 
6. Middle Fox Canyon 
7. Aquitard 2A 
8. Main Fox Canyon 
9. Aquitard 2B 
10. Grimes Canyon 
11. Aquitard 3 

Although 14 horizons are shown in Figure 43, only 11 horizons are included in this 

study (and listed above) because of lack of lateral and vertical lithologic distribution 

across the basin. In each horizon, thickness was calculated from borehole thickness 

data using the Borehole Manager' s "Stratigraphy/Export" tool to export stratigraphy 

depth, elevation and thickness data for each borehole. Maximum, minimum and 

average (mean) thickness data are presented in Table 22. Structural data (e.g., faults 

and folds) could not be obtained for this study; therefore, these data were not included 

in the model. 
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Table 22- Model Horizon Thickness Calculated in RockWorks™ 

Model horizon name 
Min. thickness Max. thickness Mean thickness 

(ft) (ft) (ft) 
Alluvium 18 235 120 
Epworth Gravels 2 180 50 
Aquitard 1 3 500 100 
Late Fox Canyon 5 178 62 
Aquitard 2 3 172 45 
Middle Fox Canyon 2 130 70 
Aquitard 2A 10 46 24 
Main Fox Canyon 7 525 140 
Aquitard 2B 60 80 70 
Grimes Canyon 24 107 78 
Aquitard 3 10 735 175 
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6.0 DISCUSSION 

6.1 Arroyo Simi Surface Water and Groundwater Sampling and Analyses
Simi Fault Area 

The surface water and groundwater sampling that was conducted in the Arroyo 

Simi area attempted to gain a better understanding of whether the Simi Fault has any 

impact on water quality in the study area. Previous studies by F. Beach Leighton & 

Associates (1972), Evenson (1997) and Tabidian (1997, 2006) confirmed that Simi 

Fault may have some degree of impact on groundwater flow and/or quality in the 

Arroyo Simi area. Seeps and springs were observed at both Site 3 (seep) and Site 6 

(spring). Site 3 is considered to be ephemeral due to intermittent discharge. However, 

at Site 6, since the spring exhibits continuous discharge that are fairly constant, this 

location is considered a permanent contributor to area surface flows. Although Sites 3 

and 6 are on opposite sides of the Simi Fault, TDS, boron and sulfate water chemistry 

is similar between the two sites. Significant similarity in surface and groundwater 

quality within the shallow zone (upper 200 feet) indicate the source water in the seep 

area (Site 3) may be a result of surface runoff influencing the local shallow aquifers. 

Generally, most surface water samples exhibit a calcium-sulfate chemistry, 

which translates into relatively "hard" water. Elevated nitrate was detected at all sites, 

which is consistent with large-scale agricultural activities. Since there are no feed lots, 

nor horse farms or animal facilities of any consequence, and few upstream septic 

systems, the nitrate source is most likely a combination of farm fertilizers, residual 

runoff from urban activities such as lawn fertilizers, natural rock leaching, or 

abandoned septic systems. Magnesium, boron, iron, manganese, and chloride were 

also detected at all three sites, either at or just above TMDLs or State water quality 
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standards. Sources of iron and magnesium in natural waters result from contact with 

rocks and minerals, and occasionally with man-made materials (e.g., iron pipes). At 

Site 5 (downstream from the SVWQCP), surface water constituent concentrations 

were significantly lower and the SVWQCP does not appear to negatively impact 

surface water quality along Arroyo Simi in that location. 

For Sites 1, 3, and 6, results show that groundwater has an average pH of 7.3 

and can be classified as brackish with an average TDS of about 1,800 mg/L, whereas 

Sites 2, 4 and 5 have an average pH of 7.9 and can also be classified as brackish with 

an average TDS of about 1, 700 mg/L. At Sites 1, 3 and 6, magnesium, iron, 

manganese, and chlorides were detected at all three sites, either at or just above 

TMDLs or State water quality standards. At Sites 2, 4 and 5, elevated boron, sulfate, 

chloride and nitrates were detected in surface water samples. Elevated sulfate 

concentrations are most likely from the natural chemical character of the water from 

contact with surrounding geologic formations containing gypsum and other sulfate

based compounds. 

The complex geology of the area makes it difficult to determine if the Simi 

Fault directly affects the groundwater flow and/or groundwater quality. However, 

because of the seeps in springs observed in the area along Arroyo Simi in the study 

area, the fault is most likely acting as a barrier to groundwater causing groundwater to 

discharge to Arroyo Simi. Additional analyses of surface water and groundwater sites 

on east and west side of Simi Fault did not show any noticeable similarities in water 

quality. Additional characterization of water quality and groundwater level 
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measurements would be necessary to determine the extent of the Simi Fault on water 

quality and groundwater flow. 

6.2 South Las Posas Basin Shallow Groundwater Quality Analyses 

The results of this study indicate that the shallow groundwater within the basin 

has elevated TDS, chloride, nitrate, sulfate and boron concentrations upstream of the 

MWTP and north of Arroyo Las Posas. In general, the shallow groundwater has a 

calcium-sulfate character and can be classified as "hard" water. Between 2002 and 

2009, TDS concentrations ranged between 2,000 and 3,500 mg/L and averaged about 

3,000 mg/L. Sulfate concentrations ranged between 1,000 and 1,250 mg/L and 

averaged about 1,100 mg/L. Elevated levels of metals, such as cadmium and thallium 

were detected at levels slightly above MCLs. In 2002 and 2003 , cadmium was 

detected in MW-3 . In 2002, thallium was detected in MW-1 through MW-3 . Elevated 

TDS, nitrate, boron and metals concentrations may be a result of surface and 

agricultural runoff and non-point sources, whereas elevated sulfates is most likely a 

result of the natural chemical character of the local groundwater. 

Between 2002 and 2009, in well MW -1 , which is upstream from the Moorpark 

WTP and north of the arroyo, TDS levels averaged about 3,000 mg/L. Levels this 

high are defined as brackish water. Well MW -1 also exhibits elevated levels of boron, 

chloride, nitrates, and sulfates, and cadmium and thallium levels at or just above 

MCLs. Such combinations normally point toward residual agricultural chemicals 

and/or upstream metal plating or industrial leachate as the cause. 
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6.3 South Las Posas Basin Deep Groundwater Quality Analyses 

Since 1990, basin groundwater exhibited an overall degradation in quality and 

more so in selected aquifers. Since 1992, the overall TDS concentrations have 

decreased in the upper or shallow zones concurrent with groundwater levels in the 

eastern portion of the basin. TDS concentrations have also increased in a few wells. 

These increases may suggest that upstream runoff may be impacting surface waters 

(and near surface shallow water) by influx of sheer volume. Furthermore, certain wells 

with leaking or compromised casings or bad surface seals may be mixing waters of 

poorer quality from above. 

Total dissolved solids (TDS) levels vary slightly according to well location 

within the basin. For example, Fox Canyon aquifer TDS concentrations are below 

1,000 mg/L in the eastern part of the basin. Overall, TDS concentrations have 

increased in wells located in the eastern portion of the basin, and have decreased in 

wells located in the western portion as a poor groundwater quality influx is observed 

in the SLP basin. Several wells show higher TDS concentrations in close proximity to 

the arroyo (discharge areas), thus indicating a direct influence of poor quality upstream 

inflow from the adjacent Simi Valley groundwater basin causing a slow but virtual 

"flushing" ofthe SLP basin. In contrast, wells in recharge areas (i.e. , wells at a greater 

distance from the arroyo or in outcrop regions) show lower TDS concentrations. 

Wells located in discharge areas (i.e. , wells located near the arroyo) have exhibited 

TDS levels above 1,000 mg/L for several years. Bachman (2002) stated that as arroyo 

streamflow increases, the TDS concentrations decrease in Arroyo Simi most likely due 
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to dilution and flushing of existing salts that tend to concentrate in groundwater during 

low rainfall years. 

Although limited time-trend analyses were conducted for this study, the results 

strongly suggest that the SLPB surface water and groundwater quality is influenced by 

depth and location. For the lower aquifer system, groundwater sampling results show 

higher TDS fluctuations in the Grimes Canyon aquifer wells than in the Fox Canyon 

aquifer wells. Groundwater results indicate that the Fox Canyon water is similar to the 

(arroyo) surface water in the western region of the basin. The apparent mixing of 

waters strongly suggests that the Fox Canyon is capped by an ineffective aquitard, 

with more hydrologic connectivity than the confining layer that separates the Epworth 

Gravels and the Fox Canyon aquifer beneath it, primarily in the eastern portion of the 

SLPB. 

6.4 East Las Posas Basin Groundwater Sampling and Analyses and 
Comparison to South Las Posas Basin Groundwater 

Two distinct (deep aquifer) groundwater patterns occur between the SLP and 

ELP basins. In the SLPB, the Fox Canyon and Grimes Canyon groundwater is 

relatively hard, and has a calcium-sulfate character, whereas the ELPB groundwater is 

relatively soft (lower TDS levels), and has a calcium-bicarbonate character. This 

higher carbonate/bicarbonate concentration appears to be from groundwater in contact 

with and/or percolated through limestone and other carbonate-based formations. On 

average, the TDS levels in the ELPB are lower than in the SLPB. In the SLPB, the 

majority of locations that exhibit low TDS concentrations are in recharge areas. In the 

ELPB, the TDS levels are higher near the arroyo. This degradation in water quality 

confirms previous basin studies that indicate the majority of poor quality water from 
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upstream basins (e.g., SLP and Simi Valley) has mixed into downstream basins (e.g, 

ELP and Pleasant Valley). In the ELPB, Berylwood Heights groundwater is slightly 

alkaline (pH at or > 7 standard units) and fresh (TDS < 1,000 mg/L). Between 

October 1999 and March 2009, TDS levels in all four Berylwood Heights wells ranged 

from 290 to 560 mg/L and had an average of 486 mg/L. Between October 2002 and 

June 2003 , TDS levels almost tripled from 480 to 1,300 mg/L in Well #1. TDS levels 

remained above 1,1 00 mg/L for the remainder of the study period. 

From available SLP groundwater data, TDS in groundwater typically ranges 

between 500 and 2,100 mg/L depending upon well depth and location, with an average 

TDS of 1,400 mg/L. The deeper Fox Canyon and Grimes Canyon aquifer waters yield 

the best groundwater quality in the 600 to 700 mg/L TDS range, with shallow river 

alluvium producing the least desirable water with TDS on average about 1,000 mg/L 

(VCWPD, 2005-06). Although an evaluation of groundwater samples over the last 20 

to 30 years revealed a gradual decline in groundwater TDS concentrations, overall, the 

deeper Fox and Grimes Canyon aquifers produce similar groundwater quality to 

adjacent groundwater basins (e.g., ELP). Higher TDS values in basin wells usually 

indicate seepage influences from adjacent poor quality aquifers often caused by over

pumping, or too many wells that have corroded or have compromised casings and/or 

surface seals, which allow vertical mixing from above (surface runoff or shallow 

aquifers). 

6.5 Las Posas Valley Groundwater Level Analyses 

Although water levels have been measured periodically for the last 40 years, 

Ventura County does not have a robust groundwater level-monitoring program for the 
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Las Posas Valley, especially the SLP basin. Many water agencies are located within 

the Las Posas Valley but groundwater and well condition data do not seem to be 

shared widely among the agencies. As a result, this situation can be attributed to 

inaccessible wells or no measure/sample points in crucial areas where groundwater 

extraction in the Las Posas Valley could be better monitored. Exact statistics on 

current water use by sub-basin are often difficult to discern because the spatial 

distribution of irrigation practices, cropping patterns, and groundwater use by sub

basin have not always been reported or recorded where wells do exist. 

Previous studies by CH2MHill (1993) and FCGMA (2007) documented 

groundwater level differences between the ELP and WLP basin as a result of a fault 

transecting the two basins. Because CH2MHill concluded their study back in the 

1990s, it was decided to analyze the SLP groundwater elevations previously collected 

by the VCWPD and compare them to ELP and WLP groundwater elevations to 

observe any connection and/or trends. 

From available historical data, groundwater levels over the Las Posas Valley 

area have experienced significant rising and falling over the past 30 years. Between 

1980 and 1995, groundwater levels have risen approximately 100 to 150 feet. In 1980, 

CMWD began importing water into the SLP basin. Since 1995, groundwater levels 

have remained stable thereby causing the basin to remain relatively full and with a 

shallow water table at about 25 ft bgs. In addition, a small amount of groundwater is 

withdrawn from the basin, which does not impact the overall groundwater levels. In 

the ELP and WLP basin, groundwater levels have fluctuated greatly, most likely due 

to increases in groundwater extraction. Since the 1970s, WLP groundwater levels 
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have declined between 100 and 150 ft, whereas ELP groundwater levels have only 

declined about 100 ft. From available groundwater data, the SLPB is under 

unconfined conditions, whereas the ELP and WLP basins are tmder semi-confined to 

confined conditions. In the SLPB, groundwater elevations generally rise and fall 

according to seasonal precipitation patterns and without any influence from local 

groundwater extractions. 

6.6 South Las Posas Basin Hydrologic Budget Development 

Components of a water budget, whether they are measured or calculated 

variables, have associated errors based on uncertainty of the measurements, limitations 

of methods, and assumptions made to calculate values. The rainfall, surface inflow 

and outflow, wastewater treatment plant discharge, imported water, basin exports, and 

groundwater extraction data used to estimate this hydrologic budget were acquired 

from previously collected records and may have some degree of uncertainty and errors 

associated with them. 

A basin hydrologic budget equation was used to estimate the annual change in 

storage from 1997 to 2007. The budget summary revealed negative change in storage 

for four (1999, 2002, 2006 and 2007) of the eleven years. In 1998 and 2005 , during El 

Nino years with significant rainfall, the change in storage is positive and is comparable 

to the amount of rainfall in those two years. During years with rainfall less than about 

15,000 AF (17 inches), the change in storage appears to be impacted from outside 

sources such as groundwater extraction. However, between 1999 and 2004, this same 

pattern was not observed. For those six years, when rainfall was 15,000 AF (17 

inches) or lower, the change in storage resulted from possible outside influences, such 
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as groundwater extraction. Rainfall and wastewater discharge dominate the inflows, 

whereas ET and subsurface outflow dominate outflows. Positive and negative change 

in storage from year to year appears to be impacted by periodic heavy rainfall. In 

general, increased inflow results in increased outflow; however, ET data outweighs the 

results for outflow for water years 2006 and 2007. For the years when outflows offset 

inflows causing a negative change in storage (or deficit) largely due to high ET rates. 

The results of the RASA Study (USGS, 1998) groundwater flow model 

showed that shallow subsurface outflow was about 9,600 AFY. Regarding surface and 

subsurface inflow, increases would support the anthropomorphic influences on the 

basin hydrology, mainly the significant increase in impervious surface area in both the 

upstream basins. 

Although the SLPB has a relatively shallow water table and an extensive 

saturated zone, its poor water quality as indicated by elevated TDS and other 

constituent concentrations prevent local users from using surface water and/or 

groundwater for irrigation, municipal or industrial purposes. The total groundwater 

volume within the SLPB is approximately 660,000. The total groundwater volume 

and actual recoverable volume calculations do not take into account (effective) 

porosity and assume homogeneous aquifer zones. The actual recoverable (or usable) 

volume of water is much lower, at approximately 90,000 AF (or about 15%) of the 

total volume. 

Safe sustainable yield has been estimated by the FCGMA and in this study. 

The FCGMA estimated the safe yield to be about 15,000 AFY for the ELP and SLP 

basin assuming these two basins are hydraulically connected. For this study, safe yield 
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was estimated to range from 10,000 and 11 ,000 AFY for the SLPB only. Cunently, 

the average groundwater extraction is about 1,700 AFY (FCGMA, 2007). From these 

current groundwater extraction rates, the SLPB safe yield has not been exceeded. 

6.7 Upper Aquifer System (UAS) Characterization 

The upper aquifer system is comprised of Quaternary alluvial and Epworth 

gravels aquifers, which are predominantly composed of silts, sands and gravels. 

Although alluvial and Epworth Gravels aquifers have similar lithology, the Epworth 

Gravels shows a higher occunence of "boulder-size" clasts, cobbles and gravel 

deposits. The Epworth Gravels are likely remnants of ancient alluvial fans. Below the 

alluvium and Epworth Gravels is a thick confining brown-to-yellow sandy clay layer. 

This thick semi-confining clay layer in the eastern portion of the basin prevents any 

significant direct percolation of water into the deeper Fox Canyon and Grimes canyon 

aquifers. This semi-confining clay layer is also evident between the (anoyo) surface 

water and Fox Canyon groundwater comparisons. This semi-confining clay layer (or 

aquitard), which averages over 150 ft in thickness, pinches out to between 40 and 80 

feet toward the western part of the basin. Previous studies by CSWRB (1953), USGS 

(1998) and Hopkins (2007) confirmed that this semi-confined clay layer was present in 

the western portion of the SLPB, which results in higher recharge rates and 

comparable water quality between the anoyo water and shallow groundwater. In this 

study, TDS levels in groundwater were comparable to surface water in the western 

portion of the basin, but not in the eastern portion of the basin where this semi

confining clay layer is located. 
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Although the alluvial and Epworth Gravels aquifers typically have a greater 

storage capacity and volume, the upper aquifer system is relatively unimportant for 

water production due to point and non-point source pollution. However, the Epworth 

Gravels wells show yields ranging between 200 and 540 gpm from previous aquifer 

test data. Specific capacities were also estimated and range from 0.15 to 100 gpm/ft, 

which indicates well performance by measuring amount of water available per ft of 

drawdown. Wells that are screened in the Epworth Gravels aquifer generally exhibit 

high yields and moderate drawdown resulting in higher specific capacities. 

Although groundwater recharge occurs mainly in the UAS, most of the wells 

are perforated in the lower aquifer system (e.g. , Fox Canyon) due to better water 

quality and production volume from those zones. Within the upper aquifer system, the 

SLPB has a relatively shallow water table, an extensive saturated zone and a relatively 

flat hydraulic gradient with groundwater flowing south to southwest towards the 

Pacific Ocean. The regional movement of water includes percolation of rainfall into 

limited outcrop areas and shallow percolation into the UAS. Arroyo Simi/Las Posas is 

an ephemeral (or graining) stream and loses much of its water by infiltration into the 

basin-fill deposits. 

6.8 Lower Aquifer System (LAS) Characterization 

The confined to semi-confined LAS consists of folded and faulted Pleistocene 

to Pliocene continental and marine deposits of the Saugus, San Pedro, and Santa 

Barbara Formations. The Fox Canyon and Grimes Canyon sandstone units are 

predominantly composed of fine to medium sands with inter-bedded silts and clays. 

The Fox Canyon aquifer is comprised of three sub-members referred to as Late Fox, 
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Middle Fox and Main Fox. The Main Fox is the thickest sub-member with an average 

saturated thickness of 140 feet. The Fox Canyon aquifer sub-members and Grimes 

Canyon aquifers are a multi-layered aquifer system separated by large semi-confining 

clay (or aquitard) layers. Specifically, the Fox Canyon sub-members are divided by 

sandy blue clay units, whereas the top of the Grimes Canyon aquifer and below the 

Main Fox Canyon aquifer is separated by a thinner, red clay layer with an average 

thickness of about 40 feet. 

Subsurface inflow (underflow) is primarily from the Simi Basin to the East. 

For the Fox Canyon and Grimes Canyon aquifers, well yields range from about 100 to 

I ,400 gpm with the largest well yield range occurring in the Grimes Canyon aquifer. 

Of the 10 Fox Canyon and Grimes Canyon aquifer well yields analyzed, the highest 

yield occurs in wells located in the eastern region of the basin. In addition, wells that 

were screened over multiple zones or screened over large intervals resulted in higher 

yields. Specific capacities were estimated for the Fox Canyon and Grimes Canyon 

aquifers and results ranged from about <1 to 100 gpm/ft, however, for Fox Canyon 

wells, these wells exhibited high yields and specific capacities, but lower drawdown. 
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7.0 SUMMARY AND CONCLUSIONS 

A comprehensive analysis of the aquifer characteristics and hydrostratigraphy 

of the SLPB was presented in this study. Additionally, detailed sampling and analyses 

of Arroyo Simi surface water and groundwater quality in the vicinity of the Simi Fault 

was also conducted. Long-term groundwater hydrographs and groundwater quality 

data were also compiled and analyzed between the SLP and the ELP and WLP basins. 

For the SLPB only, a hydrologic budget was determined for the study period from 

1997 to 2007 and included detailed information on inflows, outflows and change in 

storage calculations. A hydrogeologic cross section was also provided to delineate 

aquifer depth and thickness information. Aquifer information was entered into 

RockWorks™ to visualize the hydrostratigraphic units in a 3D model of the South Las 

Posas Basin. 

The detailed hydrogeologic cross sections and lithologic comparisons between 

the aquifers were helpful in advancing our understanding of the hydrostratigraphy 

complexity showing that SLPB is not a "layer-cake" type of aquifer system as shown 

in previous groundwater flow models (CH2MHill, 1993; FCGMA, 2007). Although 

the basin floor is relatively flat and has a shallow water table, results and findings from 

this research suggest that the SLPB aquifer system is largely controlled by complex 

geological structures and spatially varying recharge and discharge patterns, surface 

water and groundwater quality patterns, aquifer geometric configurations and 

hydraulic properties. 

Water quality parameters evaluated at Arroyo Simi surface Sites 1 through 6 

indicate elevated eC measurements of >2,000 11mmohs/cm and average TDS 
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concentrations between 1,700 and 1,800 mg/L for surface water and groundwater 

samples, respectively. Approximately 75% of Arroyo Simi surface water and 

groundwater samples exhibited supersaturated oxygen levels and normal pH values. 

The results of the Arroyo Simi surface water and groundwater quality analyses 

on the east and west side of the Simi Fault indicates that some evidence exists to 

confirm that the Simi Fault may act like a barrier to groundwater. For example, seeps 

and springs were observed on the east and west side of the Simi Fault, which may 

result from the intersection of fractures. In addition, high sulfates in both surface 

water and groundwater in the area may indicate the presence of gypsum dissolution, 

which may increase the presence of sulfates in surface water and/or groundwater. 

From limited SLPB shallow groundwater data, the groundwater exhibited a 

wide range of TDS concentrations from 500 to 3,500 mg/L depending on location 

within the basin. Elevated TDS concentrations (over 3,000 mg/L) were found in the 

upstream Moorpark WTP well (MW -1 ). Shallow SLPB groundwater is typically 

"hard" and has a calcium-sulfate water chemistry. 

South Las Posas groundwater quality varies depending on depth and location 

within the basin. Previous studies by Izbicki and Martin (1997) indicated fairly rapid 

discharge and recharge in wells near the arroyo as indicated by tritium eH) age-dating 

of groundwater. This observation was confirmed in this study by comparing 

groundwater samples in close proximity to and at a distance from the arroyo. 

Groundwater samples in recharge areas and at distances farther away from the arroyo 

indicate average TDS concentrations of about 500 mg/L, whereas groundwater well 
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samples near the arroyo are highly mineralized with TDS concentrations > 1,000 

mg/L. 

Groundwater comparisons between the SLP and ELP well water indicates two 

distinct (deep aquifer) water chemistry patterns. Generally, the SLP groundwater is 

hard with TDS concentrations between 1,000 and 1,500 mg/L, whereas the ELP 

groundwater is relatively soft with TDS concentrations that range from 500 to 1,000 

mg/L. The higher carbonate-bicarbonate chemical character of groundwater indicates 

that groundwater may be in contact with limestone and carbonate-based formations. 

The UAS is primarily unconfined in the study area and has an extensive 

saturated zone and relatively shallow water table. The UAS is composed of Holocene

age alluvium, terrace deposits and the sandy portions of the Saugus Formation. The 

UAS lithology is composed of mostly silty sand, gravel and clay, whereas the deeper 

Epworth Gravels has a comparable lithology, although the Epworth Gravels has a 

larger presence of boulder-size clasts, which was evident in over 50% of well logs. 

These lithologic differences were used to delineate the boundary between the alluvium 

and Epworth Gravels aquifers within the UAS. The Fox Canyon aquifer is composed 

of the saturated parts of Pleistocene-age Las Posas Sands and San Pedro Formation, 

whereas the Grimes Canyon aquifer is composed of the sandy portions of the Pliocene

age Santa Barbara Formation. Generally, the Fox Canyon and Grimes Canyon aquifer 

sands grade from coarse to fine as aquifer depth increases. The hydrostratigraphic 

model resulted in the delineation of eleven stratigraphic horizons, which includes six 

unconfined aquifers and five semi-confined aquitards. 
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An analysis of groundwater elevations between the three Las Posas Valley sub

basins indicate different elevation trends as indicated on groundwater hydrographs. 

For example, in the UAS of the SLPB, because the water table is relatively high and 

the basin does not undergo heavy extraction from local wells, groundwater levels 

fluctuate mainly according to precipitation patterns. However, in the East Las Posas 

Basin, wells that are located in the eastern region indicated a slight rise in groundwater 

elevation over the last three years. Likewise, in the West Las Posas Basin region, 

groundwater elevations show a continuous rise over the past five years. In the WLP 

and ELP basins, groundwater elevations fluctuate more due to heavy groundwater 

extraction in both basins. 

The aquifer characteristics were evaluated usmg extensive amounts of 

hydrogeologic data. For SLPB M&I and AG wells, the average yield for the Epworth 

Gravels, Fox Canyon and Grimes Canyon Aquifers are 400 gpm, 600 gpm, and 500 

gpm, respectively. Generally, higher yields are observed in the Fox Canyon aquifer 

due to geologic materials ranging from fine to medium sands with some silts and 

clays. The Epworth Gravels aquifer exhibits a higher hydraulic conductivity and 

transmissivity of 28 ft/day and 1,400 ft2/day, whereas well yields are much lower 

when compared to other SLPB aquifers. Although some aquifers exhibit high 

discharge rates, the amount of effort to extract groundwater from a well may be a 

challenge to well owners. The total groundwater volume in storage was calculated to 

be about 600,000 AF, the actual recoverable volume is only about 15% or 90,000 AF. 
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The results of this research indicate that the SLPB groundwater may be 

considered an alternative groundwater source in the future. The following key 

conclusions have been formulated: 

• Simi Fault may impact groundwater hydraulics and water quality along 
Arroyo Simi due to elevated sulfates and other constituents in the 
vicinity of the fault. 

• Although South Las Posas and East Las Posas Basin wells are generally 
screened in the same aquifers, groundwater results showed two distinct 
groundwater chemistry patterns. South Las Posas groundwater is 
generally hard, with a calcium-sulfate character, whereas East Las 
Posas groundwater IS generally soft, with carbonate-bicarbonate 
chemistry. 

• South Las Posas Basin shallow groundwater quality is hard, with a 
calcium-sulfate chemistry in shallow groundwater wells upstream of 
the Moorpark Wastewater Treatment Plant. 

• Although the alluvial and Epworth Gravels aquifers have comparable 
lithology which includes silty sand, gravels and some clay; the Epworth 
Gravels aquifer has about 50% more cobble and/or boulder-size clasts. 

• Hydrostratigraphic model resulted in delineation of eleven stratigraphic 
horizons that included six unconfined aquifers and five semi-confined 
aquitards. 

• The South Las Posas Basin is generally unconfined, with a shallow 
groundwater table; groundwater elevations fluctuate according to 
precipitation patterns. 

• Although the Epworth Gravels aquifer has the highest hydraulic 
conductivity and transmissivity of 28 ft/day and 1,400 ft2/day, 
respectively, its poor water quality including elevated TDS 
concentrations, prevents local water users from using this groundwater. 

• The total groundwater storage volume is about 600,000 AF; however, 
the actual recoverable volume is only about 15% or 90,000 AF. 
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8.0 RECOMMENDATIONS FOR FUTURE STUDY 

Prudent understanding of recurring Southern California' s drought conditions 

and associated water shortages is continuing, thereby persuading Calleguas and other 

local water agencies and purveyors to increase their management strategies and 

explore alternative surface water and groundwater sources as a solution to meet current 

and future population water demands. These management strategies include, but are 

not limited to participating in stakeholder meetings and conferences, developing basin-

specific management plans, and constructing additional water treatment plants or 

desalter facilities. 

The overall results from this study showed that the SLPB groundwater could 

potentially be used as a water source now and in the future; however, several 

recommendations were identified in various areas where further research is needed. 

Based on the results ofthis study, the following actions are listed as recommendations: 

• Use the discharged water from the Simi Valley dewatering project as an 
alternative groundwater source instead of discharging directly into Arroyo 
Simi. 

• Determine recharge/discharge values along Arroyo Simi/ Arroyo Las Posas. 

• Incorporate the results from this study into the SLPB Management Plan 
currently under development by the Las Posas Users Group. 

• Use Geographic Information System (GIS) or other computer software to 
facilitate improved monitoring and management of Las Posas Valley water 
resources. 

• Initiate a County-lead routine groundwater level monitoring program within 
the Las Posas Valley to more effectively manage and monitor groundwater 
levels over both short- and long-term periods. 

• Update this basin hydrologic budget every five years (or as necessary) using 
this methodology. 
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