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CHAPTER 5.0 

Geology and Hydrogeology 
5.1 Introduction 
This chapter evaluates the geology, seismicity, faults, hydrogeology, slope stability, and other potential 
geologic hazards related to the Chiquita Canyon Landfill (CCL) Master Plan Revision (Proposed Project).  

5.2 Methodology 
This evaluation is based on the following studies prepared by R.T. Frankian & Associates (RTF&A), plans for the 
Proposed Project, other prior geologic and hydrogeologic investigations for the site further referenced below, 
compliance with the applicable regulations, and other applicable information: 

 Hydrogeologic Report, Chiquita Canyon Landfill (Hydrogeologic Investigation; RTF&A, 2012b) 

 Geotechnical Investigation, Master Plan Revision, Chiquita Canyon Landfill (Geotechnical Investigation; 
RTF&A, 2012c) 

 Geotechnical Evaluation of Updated Excavation Plan, Master Plan Revision, Chiquita Canyon Landfill 
(Additional Geotechnical Evaluation; RTF&A, 2014a) 

The first two studies reflect the results of several site-specific investigations performed to evaluate potential 
impacts from the Proposed Project (RFF&A, 2012b; RTF&A, 2012c). The third study reflects the results of 
additional geotechnical evaluation for two additional cut slopes and modification of previously proposed cut 
slopes for the updated 2014 Excavation Plan (RGF&A, 2014a). In addition, the third study includes evaluation of 
cut slopes that would be created for potential improvements in the Set-Aside Area and three Potential Borrow 
Areas. The purpose and scope of work performed for each of these studies are described in Section 5.4. The 
reports for the studies are included as Appendixes B (2012 Hydrogeologic Report) and C (2012 Geotechnical 
Investigation and 2014 Additional Geotechnical Evaluation) to this Draft Environmental Impact Report (DEIR). 
Many figures from these two reports are oversized sheets and are reproduced as 11- by 17-inch figures in this 
DEIR for convenience. The original, oversized figures should be reviewed for detailed information that is not 
legible on the 11- by 17-inch figures. 

In addition, the geologic and hydrogeologic information in this chapter is based on groundwater monitoring 
data collected pursuant to Waste Discharge Requirements (WDR) Order No. 98-086 and Monitoring and 
Reporting Program (MRP) No. 6231, issued by the California Regional Water Quality Control Board – 
Los Angeles Region (RWQCB) on November 4, 1998. The scope of work performed and data collected pursuant 
to these WDRs and MRP are presented in Chapter 7.0, Water Quality. 

5.3 Regulatory Setting 
5.3.1 Federal Regulations and Standards 
Title 27, California Code of Regulations (CCR), contains the current regulations of the California Department of 
Resources Recycling and Recovery (CalRecycle, previously the California Integrated Waste Management Board) 
and State Water Resources Control Board (SWRCB) pertaining to landfill disposal of municipal solid wastes. 
Federal standards regarding municipal solid waste landfills are contained in Title 40, Part 258 of the Code of 
Federal Regulations (CFR), “Solid Waste Disposal Facility Criteria,” commonly referred to as Subtitle D. By 
enacting Subtitle D, the United States Environmental Protection Agency (EPA) intended that states maintain 
the lead role in implementing and enforcing Subtitle D through approved state permit programs. California’s 
solid waste permit program was approved by EPA. As a result, California’s solid waste regulations were 
determined to be functionally equivalent to Subtitle D. Accordingly, throughout this section, references to 
pertinent regulations will be to Title 27 CCR regulations. 
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5.3.2 State Regulations and Standards 
The Title 27 CCR regulatory scheme governing landfill disposal of municipal solid wastes is a blend of 
prescriptive and performance standards covering every aspect of the design, construction, and operation of 
landfill disposal facilities. These standards include siting criteria, seismic design standards, and containment 
system design and construction strategies to prevent impacts to surface water and groundwater resources. 
The following subchapters from Chapter 3 of Title 27 (Criteria for all Waste Management Units, Facilities, and 
Disposal Sites) are relevant to geology and hydrogeology: 

 Subchapter 2 – Siting and Design 

 Subchapter 3 – Water Monitoring  

Additional requirements for these siting and design criteria are provided in the following subchapters of 
Title 27 for the operational, closure, and post-closure periods: 

 Subchapter 4 – Criteria for Landfills and Disposal Sites 

 Subchapter 5 – Closure and Post-Closure Maintenance 

Relevant sections from Subchapter 2 (Siting and Design) are summarized below, except those related to 
precipitation and drainage control, which are summarized in Chapter 6.0, Surface Water Drainage. Relevant 
sections from Subchapter 3 (Water Monitoring) are summarized in Chapter 7.0, Water Quality. 

Section 20240, Classification and Siting Criteria: Waste management units and engineered structures shall 
meet the following criteria: 

 5-Foot Separation. All new landfills, waste piles, and surface impoundments shall be sited, designed, 
constructed, and operated to ensure that wastes will be a minimum of 5 feet above the highest anticipated 
elevation of underlying groundwater. Existing landfills, waste piles, and surface impoundments shall be 
operated to ensure that wastes will be a minimum of 5 feet above the highest anticipated elevation of 
underlying groundwater (Subsection [c]). 

 Unit Foundation. All engineered structures (including, but not limited to containment structures) 
constituting any portion of a Unit shall have a foundation or base capable of providing support for the 
structures, and capable of withstanding hydraulic pressure gradients to prevent failure due to settlement, 
compression, or uplift and all effects of ground motions resulting from at least the maximum probable 
earthquake for Class III Units, as certified by a registered civil engineer or certified engineering geologist 
(Subsection [d]). 

Section 20260, Class III: Landfills for Nonhazardous Solid Waste: Waste management units and engineered 
structures shall meet the following criteria: 

 General. Class III landfills shall be located where site characteristics provide adequate separation between 
solid waste and waters of the state (Subsection [a]).  

 Geologic Setting. Municipal solid waste landfills shall be sited where soil characteristics, distance from 
waste to groundwater, and other factors will ensure no impairment of beneficial use of surface water or of 
groundwater beneath or adjacent to the landfill (Subsection [b]). Factors that shall be evaluated include: 
(A) size of the landfill; (B) hydraulic conductivity and transmissivity of underlying soils; (C) depth to 
groundwater and variations in depth to groundwater; (D) background quality of groundwater; (E) current 
and anticipated use of the groundwater; and (F) annual precipitation. Where consideration of these factors 
indicates that site characteristics alone do not ensure protection of the quality of groundwater or surface 
water, Class III landfills shall be required to have a single clay liner with hydraulic conductivity of 1x10-6 
centimeters per second (cm/sec) or less. (The liner requirement in Section 20260 was superseded by 
SWRCB Resolution No. 93-62, incorporating Subtitle D requirements, which requires a composite liner that 
comprises a 2-foot-thick compacted soil layer having a maximum permeability of 1 x 10-7 cm/sec overlain 
by a geomembrane having a minimum thickness of 40 mils.) 
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 Flooding. New Class III landfills shall be designed, constructed, operated, and maintained to prevent 
inundation or washout due to floods with a 100-year return period (Subsection [c]). 

 Ground Rupture. New Class III landfills shall not be located on a known Holocene fault (Subsection [d]). 
A Holocene fault is defined as a fault which is or has been active during the last 11,000 years. 

 Rapid Geologic Change. New Class III landfills can be located within areas of potential rapid geologic 
change only if RWQCB finds that the Unit’s containment structures are designed, constructed, and 
maintained to preclude failure (Subsection [e]). 

Section 20330, SWRCB – Liners: Liners shall be designed and constructed to contain the fluid, including landfill 
gas, waste, and leachate, as required in the above siting criteria.  

Section 20340, SWRCB – Leachate Collection and Removal Systems (LCRS): LCRSs are required for Class III 
landfills which have a liner or which accept sewage or water treatment sludge. The LCRS shall be installed 
directly above underlying containment features or landfill and waste piles and installed between the liners for 
surface impoundments. 

Section 20360, Subsurface Barriers: Subsurface barriers are cutoff walls that are used in conjunction with 
natural geologic materials to ensure that the lateral hydraulic conductivity standards are satisfied where there 
is potential for lateral movement of fluid. Cutoff walls shall be installed at Class III landfills as required by 
RWQCB. 

Section 20365, Precipitation and Drainage Controls: Units and their respective containment structures shall 
be designed and constructed to limit, to the greatest extent possible, ponding, infiltration, inundation, erosion, 
slope failure, washout, and overtopping.  

Section 20370, Seismic Design: Class III Units shall be designed to withstand the maximum probable 
earthquake (MPE) without damage to the foundation or to the structures which control leachate, surface 
drainage, erosion, or gas. As required in Section 21750(f)(5), a stability analysis, including a determination of 
the expected peak ground acceleration of the Unit associated with the MPE for Class III landfills shall be 
included as part of the report of waste discharge (ROWD) (or Joint Technical Document [JTD]) for the proposed 
Unit. Section 21750(f)(5) also requires an updated stability analysis be included as part of the final closure and 
post-closure maintenance plan if the original analysis no longer reflects the conditions at the Unit.  

It should be noted that RWQCB previously required that landfills within the Los Angeles Region be designed to 
withstand the peak ground acceleration (PGA) associated with the maximum credible earthquake (MCE), which 
is a more stringent requirement than that contained in Section 20370. The MCE is the maximum earthquake 
that appears capable of occurring under the currently known geologic framework. 

5.4 Site-Specific Investigations 
The purpose and scope of work performed for the Hydrogeologic Investigation (RTF&A, 2012b) and 
Geotechnical Investigation (RTF&A, 2012c) are summarized below. The Hydrogeologic Investigation and 
Geotechnical Investigation were performed to provide additional characterization of the North and East 
Canyon area, the South Main Canyon area, and the Landfill Entrance Road. The locations of the site-specific 
investigation activities are shown in maps and figures in the respective analysis sections below. 

5.4.1 Site Hydrogeologic Investigation 
5.4.1.1 Purpose of the Site Hydrogeologic Investigation 
The purpose of the Hydrogeologic Investigation (RTF&A, 2012b) was to describe the site hydrogeologic 
conditions and provide recommendations for groundwater monitoring and perimeter landfill gas monitoring 
systems for the Proposed Project, which includes changes to the currently approved landfill footprint. The 
landfill footprint for the Proposed Project is shown on the Proposed Excavation Plan (Figure 2-4) provided by 
Golder Associates Inc. (Golder). With respect to the monitoring programs, the most significant modification to 
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the landfill footprint is the addition of the North Canyon and East Canyon area, which will be contiguous with 
the northeast side of the existing active Main Canyon landfill and the north side of the closed Canyon B landfill. 
The Proposed Project also moves the southern perimeter of the Main Canyon landfill into the South Main 
Canyon area near the current entrance area.  

The North Canyon and East Canyon area has been the subject of several phases of geologic and hydrogeologic 
characterization, including groundwater monitoring well installations and aquifer testing (RTF&A, 2004a, 
2005a, and 2006a), geotechnical investigations (RTF&A, 2006b, 2010b, and 2012c), a geologic fault study 
(RTF&A, 2006c), and installation of perimeter landfill gas wells (RTF&A, 2009a). The South Main Canyon area 
has also been the subject of multiple phases of geologic and hydrogeologic characterization, including 
geotechnical investigations (RTF&A, 2009b and 2012c), and installation of groundwater wells and perimeter 
landfill gas wells (RTF&A, 2003a and 2009a).  

The Hydrogeologic Investigation was based on the characterization work for the North Canyon and 
East Canyon area, the South Main Canyon, and a review of site data, field explorations, and geologic/ 
hydrogeologic analyses. The report provides an overview of site geologic conditions for understanding the 
hydrogeology, but the geology is detailed separately in the Geotechnical Investigation (RTF&A, 2012c).  

5.4.1.2 Scope of Work for the Site Hydrogeologic Investigation 
The scope of work for the site Hydrogeologic Investigation (RTF&A, 2012b) consisted of the following: 

 Planning an exploratory drilling program to characterize hydrogeologic conditions in the Pico Formation 
and lowermost Saugus Formation in the vicinity of the North Canyon 

 Preparing a work plan for exploratory well installations (RTF&A, 2010a) and submittal to RWQCB 

 Drilling exploratory borings and installing wells DW-27 and DW-28, piezometer PZ-8, temporary 
piezometers HS-1 and HS-2, and gas probe GP-26 

 Preparing a gas probe installation report (RTF&A, 2010c) for CCL 

 Preparing a groundwater well installation report (RTF&A, 2010d) and submittal to RWQCB 

 Identifying and correlating geologic contacts and stratigraphic marker beds across the site using available 
surface geologic maps, test pit logs, dozer cut logs, and exploratory boring logs, and updating the site 
Geologic Map 

 Preparing a comprehensive, detailed set of geologic sections through the groundwater monitoring wells 
and piezometers to illustrate geologic and hydrogeologic conditions at the existing and proposed waste 
management units 

 Evaluating groundwater elevation data and preparing groundwater elevation and flow maps 

 Analyzing the Proposed Project excavation plan with respect to siting and design requirements for 
maintaining greater than 5 feet of separation between refuse and the highest anticipated groundwater 
underlying the proposed waste management units 

 Evaluating the Proposed Project with respect to groundwater monitoring system requirements, and 
designing a monitoring system based on the geologic and hydrogeologic conditions beneath the landfill 
and along the point of compliance (POC) 

 Evaluating perimeter landfill gas system monitoring requirements for the Proposed Project, and designing 
a proposed monitoring system based on the site geologic and hydrogeologic conditions 
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5.4.2 Geotechnical Investigation 
5.4.2.1 Purpose of the Geotechnical Investigation 
The Geotechnical Investigation (RTF&A, 2012c) presents the results of the RTF&A geotechnical investigation for 
the Proposed Project. The investigation is based on the November 2011 Excavation Plan for the Proposed Project, 
prepared by Golder, which has been updated with the 2014 Proposed Project Excavation Plan as presented in 
Figure 2-4. The Proposed Project includes extending the currently approved landfill footprint into the areas 
northeast and south of the active Main Canyon landfill, the relocation of the entrance road, and changes to the 
existing south and east sedimentation basins. The report summarizes the stability of slopes planned in the 
following areas:  

 Northeast of the Main Canyon landfill, where the Proposed Project grading limits include the lined landfill 
area, permanent cut slopes above the landfill perimeter, and grading for the east basin 

 South of the Main Canyon landfill, where the Proposed Project grading limits include the lined landfill area, 
permanent cut slopes above the landfill, grading for the south basin, and the future entrance road south of 
Primary Canyon 

The Geotechnical Investigation (RTF&A, 2012c) presents the results of RTF&A’s evaluation of the geologic and 
geotechnical conditions at CCL. The purpose of the evaluation was to identify existing or potential geologic 
hazards and substantiate that the site is suitable for the proposed development from a geotechnical and 
geologic perspective. The findings and recommendations are based on the results of the site geologic mapping 
and subsurface investigation, review of published data, and appropriate engineering and geologic analyses.  

5.4.2.2 Project Description of the Geotechnical Investigation 
North and East Canyon Excavation Area  

The North and East Canyon Excavation Area will encompass northern portions of the property known as 
North Canyon and East Canyon. In this area, the Proposed Project extends the lined landfill footprint north and 
northeast of the active Main Canyon landfill. The Proposed Project grading plan includes permanent cut slopes 
above the perimeter of the proposed landfill, lined cut slopes and fill slopes within the landfill area, and 
permanent cut slopes above the proposed east basin. The proposed landfill liner limit is approximately 
coincident with the downslope side of the perimeter road.  

North Canyon is located in the north portion of the site, just north of the active Main Canyon landfill. The 
topography of the North Canyon site is dominated by a southerly draining canyon with moderately steep 
bedrock slopes forming the west, north, and east canyon walls. These slopes descend to the canyon bottom at 
an overall gradient of approximately 1½:1 (horizontal:vertical). The floor of the canyon has been modified by at 
least two episodes of filling, including fill placed in the mid-1990s during construction of Canyon C Cell 2, and 
in 2003 to 2004 when fill material was generated during removal of the Northridge earthquake landslide. As 
much as 70 plus or minus (±) feet of fill has been placed in North Canyon since the 1990s, changing the canyon 
configuration from a steeply incised canyon to one that is somewhat broad and flat-bottomed.  

The East Canyon topography is characterized by a series of southerly to easterly descending ridges that border 
two southerly draining tributaries of Castaic Creek. The natural slopes descend toward the two canyons at 
gradients ranging generally from 1½:1 to 3:1. The northern portion of the East Canyon includes an existing 3:1 
southeasterly facing 180±-feet-high fill slope constructed for two offsite water tanks. Approximately two-thirds 
of the fill slope is located within CCL property. 

Existing site elevations range from approximately 1,660 feet above mean sea level (msl) at the upper reaches 
of North Canyon to 1,100 feet msl at the confluence of the two tributary canyons of Castaic Creek.  

The North and East Canyon Excavation Area extends from the northwest corner of CCL (above the perimeter 
road of Main Canyon landfill) to the eastern property line, immediately north of Canyon B landfill and 
northwest of the post office. The proposed floor of the excavation will range from approximate elevations of 
1,175 feet msl to 1,125 feet msl. Numerous cut slopes will be graded as part of the North and East Canyon 
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development. Proposed slope gradients will range from 2:1 to 4:1. The maximum proposed cut slope height 
will be approximately 300 feet. 

South Main Canyon and Entrance Road  

The South Main Canyon and Entrance Road areas lie within the southwest portion of the property. In the South 
Main Canyon area, the Proposed Project grading plan includes extending the lined landfill footprint south of 
the active Main Canyon landfill. The proposed entrance road is east of the existing landfill entrance, along the 
south side of the closed Primary Canyon landfill. 

The South Main Canyon includes the main southerly draining canyon, an easterly draining tributary canyon, 
and ascending canyon slopes, located northwest of an existing sedimentation basin. Natural slope gradients 
range from 1½:1, for the slopes at the head of the canyon, to 4:1. Elevations range from approximately 
1,330 feet msl to 980 feet msl.  

A new landfill Entrance Road is proposed in the southwest corner of the site, with the road alignment 
beginning at the current intersection of Franklin Parkway and Wolcott Way, extending west-southwesterly 
toward the current landfill entrance. The topography along the proposed Entrance Road is characterized by a 
relatively flat alluviated area along the north side of State Route 126 (SR-126), bordering moderately to steeply 
ascending bedrock slopes. Cut-and-fill grading will be utilized for the Entrance Road, including south- and west-
facing cut slopes up to 160 feet high. Proposed slope grades will range from 1½:1 to 2:1.  

5.4.2.3 Subsurface Exploration for the Geotechnical Investigation 
Field exploration was conducted within the project site to develop and refine understanding of the geologic 
surface and subsurface conditions. In particular, attention was focused on the underlying geologic structure and 
stratigraphy that will affect the slope stability of the proposed excavation plan. Previous field explorations for 
the Proposed Project were conducted in the North and East Canyon (RTF&A, 2006b and 2006c) and in the 
South Main Canyon (RTF&A, 2009b). The surface geologic conditions within the landfill were previously mapped 
by EMCON (1990a), Harding Lawson and Associates (HLA, 1987), and GeoLogic Associates (2005a), and mapped 
at a regional scale by professionals of the Dibblee Foundation (1993), the United States Geological Survey 
(USGS) (Winterer and Durham, 1962), and the California Geological Survey (CGS), formerly known as California 
Division of Mines and Geology (CDMG) (Barrows, 1986).  

The site was explored between April 2010 and December 2011 (RTF&A, 2012c). The investigation included 
exploring the subsurface conditions beneath the site by excavating 27 bucket auger borings and four hollow-
stem auger borings at the locations depicted on the Geologic Map. Undisturbed samples were obtained from the 
borings for laboratory examination and testing. Standard penetration test samples were also obtained from the 
hollow-stem auger borings. 

The boring logs from the current investigation are presented in Appendix B of the Geotechnical Investigation 
report (RTF&A, 2012c). The boring logs from previous investigations are presented in Appendix C of the 
Hydrogeologic Investigation report (RTF&A, 2012b).  

5.4.2.4 Laboratory Analysis for the Geotechnical Investigation 
Laboratory tests were performed on selected samples obtained from the borings to aid in the classification of 
the soils, for use in slope stability analyses, and to determine the pertinent engineering properties of the 
subsurface earth materials. The following tests were performed: 

 Moisture content and dry density determinations 

 Direct shear tests 

 Consolidation tests 

 Plasticity index 

 Grain size analyses 

The results of the tests are presented in Appendix C of the Geotechnical Investigation report (RTF&A, 2012c). 
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5.4.3 Additional Geotechnical Evaluation 
5.4.3.1 Purpose of Additional Geotechnical Evaluation 
The Additional Geotechnical Evaluation (RTF&A, 2014a) evaluates two additional cut slopes and modification of 
one previously proposed cut slope for the updated 2014 Excavation Plan (RGF&A, 2014a) and also evaluates 
cut slopes that would be created for potential improvements in the Set-Aside Area and three Potential Borrow 
Areas. 

5.4.3.2 Project Description of the Additional Geotechnical Evaluation 
As described in Section 2, the 2014 Excavation Plan revisions are primarily associated with the future landfill 
entrance facility and the Future Potential Conversion Technology Set-Aside Area (herein referred to as the 
“Set-Aside Area”). The landfill entrance facility will be located in the southwest corner of the CCL site, 
northwest of the intersection of SR-126, also known as Henry Mayo Drive in the vicinity of CCL, and Wolcott 
Way. It will include a new entrance road, scales, gatehouse, and administration building. The new entrance 
road alignment will extend westerly from the current intersection of Franklin Parkway and Wolcott Way, 
extending west-southwesterly toward the current landfill entrance. The 2011 Excavation Plan indicated the 
grading of two cut slopes at the west end of the entrance facility. Revisions to the entrance facility, as depicted 
on the 2014 Excavation Plan, indicate two additional cut slopes, and modification of one of the previously 
proposed cut slopes. The Set-Aside Area will be located within a southerly-draining steep-walled canyon 
(herein referred to as “Wolcott Canyon”) located immediately north of the intersection of Wolcott Way and 
Franklin Parkway. Potential grading for the Set-Aside Area will include construction of a near-level pad at 
approximate elevation 1,025 feet above mean sea level (msl), with associated cut and fill slopes surrounding 
the pad. The Set-Aside Area pad will be accessible by way of road extending from the north end of Wolcott 
Way to the southwest corner of the graded pad. 

The 2011 Excavation Plan indicated Potential Borrow Area cut slopes along the northern and northwestern 
walls of Wolcott Canyon. The 2014 Excavation Plan includes an additional Potential Borrow Area cut slope and 
pad southwest of the Set-Aside Area pad. The grading associated with the 2014 Excavation Plan is indicated 
Figures 5-10a and 5-10b. 

5.4.3.3 Geotechnical Evaluation 
The geotechnical evaluation was performed to provide additional temporary slope stability calculations for 
Cut Slope CS-7 and to assess the impact of the site geologic and geotechnical conditions relative to the revised 
MPR development at CCL, as depicted on the 2014 Excavation Plan. This included evaluating the stability of 
proposed new cut slopes. Additionally, a preliminary evaluation is provided of the potential grading of the Set-
Aside Area and Potential Borrow Area slopes.  

The geologic conditions within the site are shown on the Geotechnical Map (Figures 5-10a and 5-10b). The 
geologic data presented in the 2012 Hydrogeologic Report (RTF&A, 2012b) were slightly modified to reflect 
new findings from studies post-dating the 2012 report, changed geologic interpretations, and/or corrections. 
Specifically, the depiction of the inactive faulting identified in East Canyon was revised, based on the 2006 fault 
study (RTF&A, 2006b) and adjusted geologic contacts in the areas of Cell 5 and future Cell 6, based on 
additional geotechnical work (RTF&A, 2012d, 2012e, and 2014a). The adjusted geologic contacts were mapped 
using the March 12, 2013 aerial survey prepared by Cooper Aerial Survey Co. From a geotechnical standpoint, 
the most significant plan revisions relate to the grading proposed along the north side of the landfill entrance 
facility in which two new cut slopes (designated as Cut Slopes CS-26 and CS-27) are proposed, and a previously 
planned cut slope (Cut Slope CS-20) will be relocated and reduced in height. The three cut slopes are indicated 
on Figures 5-10a and 5-10b.  
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5.5 Regional Setting 
5.5.1 Topography 
The regional topography and CCL location are shown in Figure 5-1. CCL is located in the Santa Clara River Basin, 
approximately 3 miles west of Castaic Junction in Los Angeles County, California. The landfill site is located in 
the hills along the northern edge of the Santa Clara River Valley. The regional topography is influenced by the 
steep, rugged terrain of the Piru Mountains, which exhibit prominent and variably oriented ridges and canyons. 
The Santa Clara River provides regional drainage, flowing west-southwest along SR-126 to the south of CCL. The 
Santa Clara River Valley bisects the local terrain with a level and relatively extensive floodplain winding through 
otherwise rugged topography.  

5.5.2 Geology 
Figure 5-2 shows the regional geology and surface water drainages of the Santa Clara River watershed. CCL is 
located at the eastern end of the Ventura geologic basin within the Transverse Ranges geomorphic province of 
California. The Ventura basin consists of a narrow, elongate sedimentary trough extending from Santa Barbara 
Channel on the west to the San Gabriel Fault on the east. The axis of the trough trends east-west, reflecting 
the overall east-west trend of the Transverse Ranges, and generally coincides with the Santa Clara River Valley 
and Santa Barbara Channel. The Ventura basin has been an area of subsidence and sediment accumulation 
since the beginning of the Tertiary period, with the present trough-like form developing near the beginning of 
the Miocene epoch (Winterer and Durham, 1962).  

5.5.2.1 Geologic Structure 
The structure of the Ventura basin is defined as a highly folded “synclinorium” formed by north-south 
compressional forces (Kew, 1924) and containing a maximum 50,000± feet of marine and nonmarine Tertiary- 
through Quaternary-age sediments (Bailey and Jahns, 1954). Two main periods of general deformation of the 
Ventura basin are indicated by the regional geologic structure: one in middle to late Miocene (represented by 
deposition of the Modelo Formation), and the other during the Pleistocene epoch, after deposition of the 
Plio-Pleistocene Saugus Formation (Kew, 1924; Winterer and Durham, 1962; Yeats et al., 1994). The flanks of 
the Ventura basin synclinorium are broken by a series of large reverse/thrust faults including the Santa Susana 
and Oak Ridge faults on the southern flank, and the Red Mountain and San Cayetano faults on the northern 
flank (Bailey and Jahns, 1954; Yeats et al., 1994). The San Gabriel Fault, the dominant geologic feature in the 
Santa Clarita Valley, forms the eastern Ventura basin boundary and separates the Ventura basin from the 
structurally similar Soledad basin.  

5.5.2.2 Stratigraphy 
Sedimentary rock units making up the eastern Ventura basin include approximately 2,000 feet of 
undifferentiated middle to late Eocene age rocks; 1,000± feet of the middle Miocene age Topanga Formation; 
5,000± feet of the late Miocene age Modelo Formation; 4,000± feet of the late Miocene to early Pliocene age 
Towsley Formation; 5,000± feet of the Pliocene age Pico Formation; and 7,000± feet of the Plio-Pleistocene 
Saugus Formation (Winterer and Durham, 1962). The undifferentiated Eocene units and the Topanga, Modelo, 
Towsley, and Pico formations are composed of marine sediments; the Saugus Formation is composed of 
interfingering shallow-water marine, brackish water, and nonmarine units (Kew, 1924; Winterer and Durham, 
1962). These Tertiary period rocks rest unconformably on pre-Cretaceous age metamorphic and igneous 
basement rocks of the San Gabriel Mountains. 

Within the Santa Clarita Valley, the primary sedimentary rock formations are the Pico and Saugus formations. 
The Pico Formation outcrops along the northern flanks of the Santa Susana Mountains and in the Hasley 
Canyon-Val Verde area (Figure 5-2). The Saugus Formation overlies the Pico Formation and comprises most of 
the hills of the valley between Newhall and Castaic. These two formations have been deformed into a series of 
closely spaced anticlines and synclines whose moderately to steeply dipping flanks are broken by the Holser 
Fault and cut off diagonally by the San Gabriel Fault (Bailey and Jahns, 1954). Other geologic materials exposed 
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within the valley include Pleistocene fanglomerate deposits of the Pacoima Formation (exposed in the 
southern portion of the valley) (Oakeshott, 1958), sporadic remnant terrace deposits of Pleistocene age, and 
Holocene alluvium mantling the valley floor.  

Pico Formation: The Pico Formation generally consists of siltstone and fine-grained silty sandstone, with lesser 
amounts of mudstone and conglomerate, approximately 5,000 feet thick in the vicinity of the site. Locally, the 
Pico Formation represents nearshore- to offshore-marine depositional settings. Near the contact with the 
overlying Saugus Formation, some Pico beds also represent nonmarine fluvial environments of deposition. 
The Pico Formation rests conformably above the late Miocene to early Pliocene age Towsley Formation. 

Saugus Formation: The Saugus Formation consists of lenticular, loosely consolidated conglomerate, 
conglomeratic sandstone, and sandstone interbedded with siltstone, mudstone, and claystone approximately 
7,000 feet thick in the vicinity of the site. These rock types characterize principally fluvial sequences of 
deposition. The Saugus Formation rests conformably above and is locally gradational with the Pico Formation. 

Structure of Pico and Saugus Formations: Strata of the Saugus and Pico formations form east-west to 
southeast-trending open to close folds, which plunge gently to the east. These folds are related to the north-
south compressional forces associated with the Holser Fault system, approximately 1,000 feet north of the site.  

5.5.3 Seismicity and Faults 
Regional faults and earthquake epicenters are shown in Figure 5-3 as mapped by CGS. Local faults in the vicinity 
of CCL are shown in Figure 5-4.  

As part of static and seismic slope stability analyses for CCL by Golder (2012), Dr. Norman Abrahamson 
prepared an updated seismic hazard report for the site. The seismic hazard report is based on direction 
previously provided by RWQCB, requiring that permanent landfill slopes be designed to withstand the PGA 
associated with the MCE, and interim landfill slopes be designed to withstand the PGA having a 10 percent 
probability of exceedance in 5 years.  

The following is summarized from Dr. Abrahamson’s 2010 seismic hazard report, which is included in the landfill 
slope stability analyses, prepared by Golder (Golder, 2012).  

The Chiquita Canyon site is located in a highly faulted region near the base of the San Gabriel 
Mountains in Southern California. Based on the long term slip-rates, historical activity, and proximity 
to the site, the faults that will have a significant effect on the probabilistic ground motions are the 
Holser, Del Valle, Santa Fellicia, San Gabriel, Oakridge, San Cayetano, Santa Susana, Simi, 
Sierra Madre Thrust fault zone (San Fernando, Dunsmore, Sierra Madre, Duarte, Claremont, and 
Cucamonga segments), and the San Andreas Fault. The 1994 Northridge earthquake, which occurred 
on a blind thrust fault, is also considered in the analysis. These significant seismic sources are 
discussed below. There are many additional faults within 100 kilometer (km) (63 miles) of the site; 
however, their contribution to both the probabilistic and deterministic ground motions is less 
significant.  

Seismic Source Characterization 

The Chiquita Canyon Landfill site is located 1 km (0.6 miles) from both the Holser and Del Valle faults 
in Southern California. The following faults are all within approximately 20 km (12.5 miles) of the site: 
Oakridge, San Cayetano, Sierra Madre, Santa Susana, Northridge, San Gabriel, and Simi-Santa Rosa. 
The San Andreas fault is located approximately 33 km (21 miles) east of the site. Due to their close 
distance and activity rates, these seismic sources control the seismic hazard at the site.  
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Brief descriptions of the significant sources are given below.  

Holser, Del Valle, and Santa Fellicia Faults 

There are three small faults close to the site: Holser, Del Valle, and Santa Fellicia. The faults are 
between 8 and 16 km (5 and 10 miles) long. The Holser fault is the closest fault to the Chiquita 
Canyon Landfill site with a surface outcrop located approximately 1 km (0.6 miles) northwest of the 
site. There have been no historical earthquakes with magnitude greater or equal to 5.0 associated 
with the Holser, Del Valle, and Santa Fellicia faults.  

The mean characteristic magnitudes of 6.6 and 6.5 for the Holser fault was estimated based on a 
down-dip width of 22 km (14 miles) and a total fault length of 16 km (10 miles) from the Hanks and 
Bakun and Wells and Coppersmith models, respectively. The mean slip-rate of 0.4 millimeters/year 
(mm/yr). The fault mechanism is assigned as a reverse fault.  

San Gabriel Fault 

The San Gabriel fault is located approximately 7 km (4.4 miles) northeast of the fault. The fault has a 
total length of about 73 km (45.6 miles) with predominately strike-slip and reverse slip motion 
dipping to the northeast (i.e., away from the site). There have been no historical earthquakes with 
magnitude greater or equal to 5.0 associated with the San Gabriel fault. The two estimates of mean 
characteristic magnitudes are 7.2 (HB, 2008) and 7.0 (WC, 1994). The slip-rate for the San Gabriel 
fault is 1.0 mm/yr. 

Oakridge Fault (Offshore Model) 

The Oakridge fault is located approximately 9 km (5.6 miles) west of the site. The Oakridge fault has 
a total length of about 97 km (60.6 miles) with oblique slip motion dipping to the north. There have 
been no historical earthquakes with magnitude greater or equal to 5.0 associated with the Oakridge 
fault. The mean maximum estimate is 7.1 from both magnitude-area models based on a fault width 
of 13 km (8 miles). The slip-rate is 3.0 mm/yr. 

San Cayetano Fault 

The San Cayetano fault is located approximately 17 km (10.6 miles) west of the site. This fault has a 
total length of about 45 km (28 miles) with oblique slip motion dipping to the north. The fault width is 
estimated to be 14 km (8.8 miles) which leads to mean characteristic magnitudes of 7.1 (HB, 2008) 
and 7.0 (WC, 1994). There have been no historical earthquakes with magnitude greater or equal to 
5.0 associated with the San Cayetano fault.  

Santa Susana Fault 

The Santa Susana fault is located about 9 km (5.6 miles) south of the site. The Santa Susana fault is a 
north dipping thrust fault with a dip angle of 55 degrees. The fault has a total length of 32 km 
(20 miles) with a downdip width of 14 km 8.8 miles). Mean characteristic magnitude values for the 
Santa Susana fault are, 6.7 (HB, 2008), and 6.5 (WC, 1994). There have been no known historical 
earthquakes associated with the Santa Susana fault. The estimated slip-rate for the Santa Susana 
fault is 5.0 mm/year. 

Simi Fault  

The Simi fault is part of the Simi-Springfield-Camarillo fault system. It is located approximately 12 km 
south of the site. This fault system has a total fault length of about 45 km (28 miles) with reverse 
motion on a north dipping fault. There have been no historical earthquakes with magnitudes greater 
or equal to 5.0 on this fault system. Based on a fault width of 14 km (8.8 miles), the two mean 
characteristic magnitude values are 6.7 (HB, 2008) and 6.5 (WC, 1994). The slip-rate for this fault is 
1.0 mm/yr.  
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Sierra Madre Thrust Zone 

The Sierra Madre Thrust zone consists of several east-west trending thrust faults: San Fernando 
Fault, Dunsmore Fault, Sierra Madre Fault, Duarte Fault, Claremont Fault, and Cucamonga Fault. 
The site is located closest to the San Fernando segment, which is about is 23 km (14.4 miles) to the 
southeast. The San Fernando segment has a fault length of about 20 km (12.5 miels). Based on a 
fault width of 14 km (8.8 miles), the mean characteristic magnitudes for the Sierra Madre Thrust 
zone are 7.1 (HB, 2008) and 7.2 (WC, 1994).  

The largest historical earthquake on the Sierra Madre Thrust zone was the 1971 San Fernando 
earthquake with a magnitude of 6.6. This event ruptured the San Fernando segment. The slip-rate for 
the Sierra Madre Thrust zone is 2.0 mm/yr. 

1994 Northridge Event (Blind Thrust) 

The 1994 Northridge earthquake (moment magnitude 6.7) occurred on a blind thrust fault located 
east of the Chiquita Canyon Landfill site. This fault dips in the opposite direction as the 1971 
San Fernando earthquake and so it is not associated with the San Fernando fault. The rupture 
occurred at a depth of 20 km (12.5 miles) at the southeast end and at a depth of 6 km (3.8 miles) 
at the northern end. The closest distance from the rupture to the site is about 10 km (6.3 miles). 
Based on an estimated fault length and fault width of 31 km (19.4 miles) and 18km(11.2 miles), 
respectively, the mean characteristic magnitudes are 6.7 (HB, 2008) and 7.0 (WC, 1994).  

San Andreas Fault 

The San Andreas fault is located approximately 32 km (20 miles) northeast of the site. This section of 
the San Andreas fault is called the Mojave section. The San Andreas fault is a predominately right-
lateral strike-slip fault extending from Cape Mendocino in Northern California, south to Mexico. 
The northern and southern sections of the fault are divided by the central creeping section south of 
Hollister to Parkfield. The southern half of the San Andreas fault is further segmented near San 
Bernardino at the junction with the San Jacinto Fault. There are four segments of the San Andreas 
Fault between the creeping section and the San Jacinto Fault junction: Parkfield, Cholame, Carrizo, 
and Mojave. These four segments may rupture independently or simultaneously. 

The largest historical earthquake on this southern section of the San Andreas Fault was the 1957 
Fort Tejon earthquake with a magnitude of 7.9. This event was caused by the simultaneous rupture 
of the Parkfield, Cholame, Carrizo, and Mojave segments. The mean characteristic magnitude was 
assumed to 8.0 based on a fault length of 254 km (160 miles) and a fault width of 15 km (9.4 miles).  

5.5.4 Hydrogeology 
5.5.4.1 Groundwater Basins in the Santa Clara River Drainage 
Figure 5-5 shows the groundwater basins within the Santa Clara River drainage. From east to west, in the 
general direction of surface water and groundwater flow, the groundwater basins are the Santa Clara River 
Valley East, Piru, Fillmore, Santa Paula, Mound, Oxnard Forebay, and the Oxnard Plain. CCL is located at the 
western end of the Santa Clara River Valley East groundwater basin, which is described by the California 
Department of Water Resources (DWR) in Bulletin 118 (DWR, 2003). A summary of the Santa Clara River Valley 
East groundwater basin is provided below based on the description in Bulletin 118. 

5.5.4.2 Santa Clara River Valley East Subbasin 
The Santa Clara River Valley East subbasin is bordered on the north by the Piru Mountains, on the west by 
impervious rocks of the Modelo and Saugus formations and a constriction in the alluvium (California 
Department of Public Works [DPW], 1933), on the south by the Santa Susana Mountains, and on the south 
and east by the Gabriel Mountains. The surface is drained by the Santa Clara River, Bouquet Creek, and 
Castaic Creek. Average annual precipitation ranges from 14 to 16 inches.  
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Water-Bearing Formations 

Groundwater is found in alluvium, terrace deposits, and the Saugus Formation. Groundwater in the subbasin 
is generally unconfined in the alluvium, but may be confined, semiconfined, or unconfined in the Saugus 
Formation (Slade, 2002). The groundwater elevation contour map for the alluvial system is shown in Figure 5-6 
for Spring 2000 data (Slade, 2002). 

Alluvium: Holocene age alluvium consists of unconsolidated, poorly bedded, poorly sorted to sorted sand, 
gravel, silt, and clay with cobbles and boulders. These deposits are thickest below the channel of the Santa 
Clara River and thin laterally away from the channel (Slade, 1990; DWR, 1993). The maximum reported 
thickness is 240 feet; and specific yield is estimated to range from about 9 to 19 percent (Slade, 2002). 

Terrace Deposits: Pleistocene age terrace deposits consist of crudely stratified, poorly consolidated, weakly 
cemented, gravel, sand, and silt (Slade, 2002). They can be found on the low-lying flanks of the foothills and 
upper reaches of the Santa Clara River tributaries. Terrace deposits attain a maximum thickness of 200 feet 
near Saugus, Agua Dulce, and Acton (Slade, 1990; DWR, 1993). These deposits generally lie above the water 
table and likely have limited ability to supply groundwater to wells (Slade, 2002). 

Saugus Formation: The late Pliocene to early Pleistocene age Saugus Formation consists of approximately 
8,500 feet of poorly consolidated, weakly indurated, poorly sorted, sandstone, siltstone, and conglomerate. 
The lower portion of the Saugus Formation is termed the Sunshine Ranch Member, which consists of as much 
as 3,500 feet of sand and silt deposited in a brackish marine to terrestrial environment (Slade, 2002). 
Groundwater is not widely produced from this member for municipal and irrigation uses because well yield is 
typically low, about 100 gallons per minute, and the groundwater can be brackish (Slade, 2002).  

The upper member of the Saugus Formation contains lenses of conglomerate and sandstone interbedded with 
sandy mudstone deposited in a terrestrial environment (Slade, 2002). Wells in the upper member typically 
have higher yields, reaching more than 3,000 gallons per minute, and better water quality than the Sunshine 
Ranch Member (Slade, 2002). The maximum depth to the base of fresh water is about 1,500 feet northeast of 
the San Gabriel Fault, 5,500 feet between the San Gabriel and Holser faults, and about 5,000 feet southwest of 
the Holser Fault (Slade, 2002). Specific yield is estimated to range from about 5 to 8 percent (Slade, 2002). 

Non-Water-Bearing Formations 

Underlying the above water-bearing formations in the Santa Clarita Valley are a series of consolidated, 
older, cemented sedimentary and crystalline rocks of Tertiary geologic age or older. For the most part, the 
sedimentary rocks are exposed along the flanks of the hills and mountains that border the Santa Clarita Valley, 
while the geologically older crystalline metamorphic and igneous rocks crop out in the upper watershed areas, 
including the San Gabriel Mountains. The older rocks immediately underlying the Saugus Formation in the 
vicinity of CCL are the Pico Formation, which is composed of siltstone, sandstone, and minor claystone. These 
fine-grained materials have low permeability, do not yield substantial quantities of water to wells, and are 
generally considered barriers to groundwater flow.  

Restrictive Structures 

The San Gabriel and Holser faults cross through the subbasin and displace the Saugus Formation, but not the 
Quaternary age alluvial deposits. Displacement on the San Gabriel Fault produced uplift and subsequent 
erosion of much of the upper member of the Saugus Formation north of the fault. The Saugus Formation also 
is displaced upward on the south side of the Holser Fault, although groundwater in the Saugus Formation does 
not appear to be affected by this fault (Slade, 2002). Groundwater moving through the alluvium is not affected 
by these faults (DWR, 2003; Slade, 2002). 
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Recharge Areas  

The alluvial aquifer is recharged chiefly by infiltration of runoff waters in the Santa Clara River and its 
tributaries (DWR, 1968 and 1993), with additional natural recharge from percolation of rainfall to the valley 
floor and subsurface inflow (Slade, 2002). Additional recharge is from percolation of excess irrigation water 
applied to urban landscaping and reclaimed water discharged into the Santa Clara River channel (Slade, 2002). 
Recharge to the Saugus Formation is from infiltration of rainfall on the exposed formation and percolation of 
water from the alluvial aquifer (Slade, 2002). Discharge is through pumping for municipal and irrigation uses 
and consumption by phreatophytes and outflow to the Santa Clara River in the western part of the subbasin 
(Slade, 2002). 

Groundwater Level Trends  

Groundwater levels in the alluvium have been relatively stable from about 1970 through 2000 (Upper Santa 
Clara Valley Water Committee, 2000). During this period, depth to groundwater varied from about 13 to 37 feet 
in the western, 10 to 50 feet in the central, and 15 to 100 feet in the eastern parts of the subbasin (Slade, 2002). 
Water levels tend to follow long-term precipitation patterns by dropping during periods of low rainfall and 
recovering during periods of high rainfall. Groundwater levels in the Saugus Formation have been essentially 
constant during 1970 through 2000 (DWR, 2003). Groundwater flow in the subbasin is southward and westward 
and follows the course of the Santa Clara River (Slade, 2002). 

Groundwater Quality 

Groundwater in the alluvial aquifer varies from calcium bicarbonate character in the east to calcium sulfate 
character in the western part of the subbasin (Slade, 2002). Nitrate content decreases to the west, and total 
dissolved solids (TDS) content increases from about 550 to 600 milligrams per liter (mg/L) in the east to about 
1,000 mg/L in the west (Slade, 2002). Groundwater in the Saugus Formation aquifer is calcium bicarbonate 
character in the southeast, calcium sulfate in the central, and sodium bicarbonate in the western parts of the 
subbasin (Slade, 2002). TDS content in the Saugus Formation aquifer ranges from about 500 to 900 mg/L 
(Slade, 2002). Water sampled from 59 public supply wells show an average TDS content of 695 mg/L in the 
subbasin and a range of 300 to 1,662 mg/L. 

5.6 Local Setting 
5.6.1 Topography 
The natural ridgelines rise 300 to 600 feet above the canyon floors within the CCL property. The landfill 
development operations have reduced the length of some slopes and provided more gentle terrain in some 
areas. These landfill activities have largely retained the perimeter ridgelines and produced an amphitheater-
like topography that opens to the south. Onsite elevations range from approximately 1,600 feet msl in the 
northwestern corner to 900 feet msl at the canyon drainage outlets. 

Topography to the north, west, and east of the site is characterized by east-west-oriented, steep-sided 
canyons, with slopes that approach 1:1, and in some cases are nearly vertical. The relatively flat terrain 
immediately south and southeast of the site defines the limits of the Santa Clara River floodplain.  

5.6.2 Geology 
Geologic mapping of the site was previously performed by RTF&A in 2003 and 2004 as part of the Slope 
Stability Study and Geologic Fault Study for East Canyon (RTF&A, 2006b and 2006c). Additional geologic 
mapping was performed during the 2010 and 2011 site explorations by RTF&A. The geologic units identified 
within the site during the geologic mapping are discussed below. 

The site geology was characterized from the recent and previous site investigations that included geologic 
mapping of natural exposures and cell excavations; geologic mapping and logging of dozer cut and trench 
exposures; soil and rock samples taken from onsite borings and test pits; and geologic borings drilled for 
various geologic/geotechnical explorations, gas probes, piezometers, and groundwater monitoring wells. 
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The geologic data have been previously reported in the Solid Waste Assessment Test (SWAT) Report (HLA, 
1987), Geologic/Hydrogeologic Report (EMCON, 1990a), CCL Joint Technical Document (Shaw EMCON/OWT, 
Inc., 2003; Appendices E, F, and I), slope stability report (RTF&A, 2006b) and geologic fault study (RTF&A, 
2006c) for East Canyon, fault and geologic mapping reports for the Main Canyon (EMCON, 1990b, 1990c, 
1997a, and 1997b), well/probe installation reports (RTF&A, 2003c, 2004a, 2005a, 2009a, 2010d, and 2010e), 
and geotechnical investigations for the South Main Canyon (RTF&A, 2009b), Main Canyon (GeoLogic 
Associates, 2005a, 2005b, and 2005c), and North Canyon (RTF&A, 2010b). The known exploratory excavations 
(borings, test pits, and trenches) are shown on a location map (Figure C-1, Appendix C of the Hydrogeologic 
Report [RFT&A, 2012b]) that also indicates (by color) the consulting firm that reported on the exploration. 
The exploratory boring logs, as-built well construction details, and trench and test pit logs are provided in 
digital format (portable document format [pdf]) on compact disc [CD]), Appendix C). The CD files are grouped 
by consultant and further subdivided (bookmarked in Adobe) by type of excavation (groundwater wells, 
piezometers, gas probes, borings, or test pits and trenches), then listed in ascending alphabetical and numeric 
order. 

Figure 5-7 shows the generalized geology in the vicinity of CCL as regionally mapped by Dibblee (1993). 
Figure 5-8 is a site Geologic Map of the CCL site, and Figure 5-9 presents detailed cross-sections across the 
overall CCL site. Figure 5-10a is a site geotechnical map for the North and East Canyon Excavation Area, and 
Figure 5-10b is a geotechnical map for the South Main Canyon and Entrance Road Area. Figures 5-11a and 
5-11b present detailed geologic cross-sections in these areas. These geotechnical maps and cross-sections 
were originally prepared for the Geotechnical Investigation (RTF&A, 2012c). The geotechnical maps 
(Figures 5-10a and 5-10b) are updated from the Additional Geotechnical Evaluation (RTF&A, 2014a). 

The site is situated on the northerly limb of the Ventura basin “synclinorium,” approximately 1,000 feet south 
of the Holser Fault. The Holser Fault is a regional structure and may branch from the active San Gabriel Fault 
(Winterer and Durham, 1962). Data compiled from oil company well logs indicate that the Holser Fault is a 
south-dipping reverse fault with approximately 2,200 feet of dip-slip separation within the area of the Castaic 
Junction Oil field (Stitt, 1986). The Holser Fault post-dates deposition of the Pico Formation and is believed to 
be a “backthrust” of a subsurface thrust fault that represents the intersection of the San Cayetano and Santa 
Susana faults at depth (Yeats et al., 1994). Weber (1979) states that there is no clear evidence of Holocene 
activity along the Holser Fault, but “plentiful evidence” that activity has occurred in the past 100,000 years. 
Geolabs (2007) recently conducted a surface fault rupture hazard assessment for the Holser Fault within 
Castaic and concluded that the last known movement on the Holser Fault was approximately 40,000 to 
100,000 years ago. Studies completed by Allen E. Seward Engineering Geology (Seward, 1986 and 1993) 
examined the Holser Fault for Holocene activity in the Hasley Industrial Park, north of the site. Seward (1986) 
concluded that while deformation of the fault has clearly affected Quaternary sediments of the Saugus 
Formation, no offset has been identified in the overlying Holocene sediments.  

The geologic structure beneath the site is dominated by four subparallel northwest-southeast trending, 
through-going folds. The folds are related to the north-south compressional forces within the hanging wall of 
the Holser Fault system, which lies north of the study site. The axial traces of the folds are shown on the 
Geologic Map, Figure 5-8. Two of the through-going folds, consisting of an anticline to the south and a syncline 
to the north, transect the North and East Canyon Excavation Area.  

The soil and bedrock materials encountered within the site consist of manmade deposits, alluvium, landslide 
debris, terrace deposits, and bedrock units of the Saugus and Pico formations. The various geologic units 
exposed within the landfill are depicted on the 1 inch = 200 feet Geologic Map, Figure 5-8. Units specific to the 
North and East Canyon Excavation Area and the South Main Canyon Basins/entrance road are presented on the 
1 inch = 100 feet Geotechnical Maps (Figures 5-10a and 5-10b). A description of each unit is presented as 
follows: 

Manmade Deposits (af, afr, afs, and cef): Manmade deposits consist of uncompacted artificial fill (map unit 
“af”) and compacted (or certified) engineered fill (map unit “cef”) associated with past grading activities onsite, 
and artificial fill materials related to landfill refuse disposal activities including stockpile fill (map unit “afs”) and 
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refuse fill (map unit “afr”). The fill materials are composed primarily of reworked Pico and Saugus Formation 
units and, in the case of the refuse fill, compacted municipal solid waste and associated cover materials 
primarily derived from reworked Pico and Saugus Formation materials. Stockpile fill materials are located along 
the west side of the Main Canyon and include older fill and more recent stockpile fill. Certified engineered fill 
exists east, northeast, and south of the property within the United States Postal Service Facility, Valencia 
Commerce Center Industrial Park, and along Wolcott Way, respectively.  

Alluvium (Qal): Holocene age alluvium (“Qal”) is present in the canyons and major drainage courses within the 
site, and as Santa Clara River floodplain deposits adjacent to SR-126. As observed, the alluvium generally 
consists of sand and silty sand with scattered gravel and cobbles, derived from local bedrock exposures. The 
alluvium is generally loose to moderately dense and uncemented.  

Older Alluvium (Qoa): Pleistocene age (older) alluvium (“Qoa”) is limited to the southerly draining tributary in 
the East Canyon area, immediately west of landslide Qols A. The older alluvium is composed of unconsolidated 
to poorly consolidated mixtures of sand, gravel, silt, and clay. 

Terrace Deposits (Qt): Pleistocene age terrace deposits occur onsite along SR-126 southeast of the existing 
landfill entrance, and as isolated and limited remnant stream channel deposits. The terrace deposits are 
typically composed of poorly consolidated deposits of coarse sand, gravel, and silt with cobbles and, to a lesser 
extent, boulders. 

Landslide Debris (Qd, Qls, Qols): Three types of deposits attributable to past slope failure have been identified 
at the site; these consist of debris flow deposits (Qd), Holocene landslides (Qls), and a Pleistocene landslide 
(Qols). The debris flow deposits are derived from weathered bedrock and slope wash materials, and consist of 
unconsolidated sand, silt, and clay. These deposits typically occur within ravines and on slopes steeper than 
approximately 2:1. 

Materials designated as Holocene landslide debris range from poorly consolidated, highly weathered rock 
materials to relatively coherent, moderately hard to hard sandstone, siltstone, and claystone units derived 
from the underlying Saugus or Pico formations. Depending on the amount of movement, the entire landslide 
or the upper portions of the landslide debris are disturbed.  

The central portion of the East Canyon is mantled by an older landslide deposit (Qols) that appears to be 
composed of older alluvium as well as Pico and Saugus Formation materials.  

Saugus Formation (QTs): Plio-Pleistocene age nonmarine sedimentary rock units of the Saugus Formation 
(map unit “QTs”) outcrop in the eastern and southern portions of the site. Saugus Formation units typically 
consist of poorly to moderately well-bedded, light yellowish brown to pinkish gray, fine- to coarse-grained, 
pebble- to cobble-bearing sandstone and silty sandstone with moderate brown siltstone to clayey siltstone. 
This formation is poorly to moderately well-bedded and ranges from friable to moderately hard. The fine-
grained clayey beds, typical of the lower Saugus Formation, represent some of the weakest material within the 
formation.  

Pico Formation (Tp): Marine sedimentary rock units of the Pliocene age Pico Formation (map unit “Tp”) are 
exposed in the northern and western portions of the site. These units comprise grayish orange to light gray 
sandstone, yellowish gray to yellowish brown siltstone, and limited brownish gray fossiliferous siltstone and 
sandstone. These units range from soft near the surface to moderately hard at depth. The fossiliferous beds 
tend to be more resistant than surrounding units, as indicated by the prominent, ridge-forming fossiliferous 
siltstone (“Ridge-Forming Coquina”) near the mouth of North Canyon. 

The Pico formational contact with the overlying Saugus Formation is interfingering and gradational, and not 
always readily discernible, particularly in exploratory borings. Within the site and for the purposes of this 
study, RTF&A has defined the top of the Pico Formation as the first appearance of fossiliferous beds. Where 
fossiliferous beds are missing from the stratigraphic section, the contact has been defined using color as an 
indicator. In particular, the presence of Munsell hues “5Y” is more common within the Pico Formation and may 
indicate the approximate contact with the Saugus Formation. 
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5.6.3 Hydrogeology 
Figure 5-12 shows the groundwater elevation contours that are based on data collected from this monitoring 
system for the fourth quarter 2011 (RTF&A, 2011c). The monitoring wells and piezometers for the proposed 
CCL groundwater monitoring system are shown in Figure 5-13. The physical hydrogeology of CCL is summarized 
below. Groundwater quality is discussed in Chapter 7.0, Water Quality. 

The groundwater monitoring network currently consists of 14 monitoring wells (DW-1, DW-3, DW-7, DW-8, 
DW-12, DW-14, DW-15, DW-16, DW-17, DW-18, DW-20, DW-21, DW-28, and PZ-4) and four vadose zone 
points (VP-1, LP-1, SW-1, and GP-9). Additional points DW-9, DW-23, DW-24, DW-25, DW-26, DW-27, PZ-3, 
PZ-5, PZ-6, PZ-7, GP-15, GP-16, GP-17, GP-21, GP-22, GP-24, and GP-25 are sounded for water levels only. 
Wells DW-24, DW-26, PZ-5, and PZ-6, which are located northeast of the current landfill area and are not part 
of the groundwater monitoring system specified in WDR Order No. 98-086, have been sampled and analyzed 
for a partial constituents of concern (COC) list for potential future use as background water quality data. 
Monitoring points DW-8, DW-25, DW-27, DW-28, PZ-5, and PZ-6 are completed within the Pico Formation, and 
the remaining wells and piezometers are monitoring the Saugus Formation. Wells DW-27and DW-28 were 
installed after the July 2010 monitoring event as part of an exploratory drilling program (RTF&A, 2010d). 

Quarterly monitoring and semi-annual reporting are performed as required by the MRP, which contains the 
requirements for groundwater sampling and analysis, and evaluation of analytical results. The monitoring and 
reporting schedule is as follows.  

Semi-annual Period Reporting Period Sampling Months Report Due 

First January - June January and April June 30 

Second July - December July and October December 31 

Annual January - December  March 1 

 

The groundwater monitoring system for the Proposed Project is shown in Figure 5-13 and Table 5-1.  

TABLE 5-1 
Proposed Project Groundwater Monitoring System 
Chiquita Canyon Landfill 

Monitored Medium 
Downgradient  

Monitoring Points 
Upgradient  

Monitoring Points 

Main Canyon   

 Vadose Zone   

  SW-1 VP-2 (GP-29) 

 Groundwater   

  DW-1 DW-8 

  DW-15 DW-9 GWE 

  DW-16 DW-17 

  DW-18 DW-28 

  DW-21 GWE  

  DW-29  

North and East Canyons   

 Vadose Zone   

  VP-3 (DW-30) VP-2 (GP-29) 
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TABLE 5-1 
Proposed Project Groundwater Monitoring System 
Chiquita Canyon Landfill 

Monitored Medium 
Downgradient  

Monitoring Points 
Upgradient  

Monitoring Points 

 Groundwater   

  DW-23 DW-27 GWE 

  DW-26 DW-28 

  DW-30  

  DW-31  

  DW-32  

  DW-33  

  DW-34  

Primary Canyon   

 Vadose Zone   

  SW-1  

 Groundwater   

  DW-1 DW-16 

  DW-7 DW-17 

  DW-18  

  DW-21 GWE  

  DW-35  

Canyon B   

 Vadose Zone   

  VP-3 (DW-30)  

 Groundwater   

  

DW-30 

DW-31 DW-14 

    PZ-4  

Note: 
GWE = measured for groundwater elevations only 

 

5.6.3.1 Precipitation and Groundwater Recharge/Discharge 
Precipitation, recharge to the groundwater system, and discharge from the groundwater system at CCL occurs 
as described below. 

Precipitation. Local annual precipitation amounts are provided in Table 5-2 and shown in Figure 5-14 on a 
water-year basis (October through September). Figure 5-14 also shows the annual cumulative departure from 
average between 1970 and 2014. These data are from regional rain gauges between 1970 and 1997 and from 
the CCL office rain gauge between 1998 and 2014. CCL rain gauge data are supplemented with regional data 
when not available.  

The average annual rainfall amount from 1970 through 2014 is 14.45 inches (Table 5-2 and Figure 5-14). The 
annual rainfall of 48.15 inches for the 2004 to 2005 water year represents the highest rainfall amount and is 
more than triple the average over this period (Table 5-2 and Figure 5-14). 

Groundwater Recharge. Recharge to the groundwater system occurs from direct infiltration of precipitation, 
infiltration of runoff water from precipitation, and subsurface inflow from upgradient groundwater areas.  
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Groundwater Discharge. Discharge from the groundwater system occurs from evapotranspiration of 
groundwater and subsurface outflow to downgradient groundwater areas.  

TABLE 5-2 
Local Annual Precipitation (1970 to 2014) 
Chiquita Canyon Landfill 

Date From Date To Year 

Rainfall 
Season Total 

(inches) 
Cumulative Departure 

from Average Location 

Oct-70 Sep-71 1971 12.5 -1.95 Castaic Junction, Station No. 1021 

Oct-71 Sep-72 1972 8.04 -8.35 Castaic Junction, Station No. 1021 

Oct-72 Sep-73 1973 14.77 -8.03 Castaic Junction, Station No. 1021 

Oct-73 Sep-74 1974 12.23 -10.25 Castaic Junction, Station No. 1021 

Oct-74 Sep-75 1975 11.18 -13.51 Castaic Junction, Station No. 1021 

Oct-75 Sep-76 1976 9.08 -18.88 Castaic Junction, Station No. 1021 

Oct-76 Sep-77 1977 11.74 -21.59 Castaic Junction, Station No. 1021 

Oct-77 Sep-78 1978 31.98 -4.05 Castaic Junction, Station No. 1021 

Oct-78 Sep-79 1979 18.16 -0.34 Castaic Junction, Station No. 1021 

Oct-79 Sep-80 1980 23.6 8.81 Castaic Junction, Station No. 1021 

Oct-80 Sep-81 1981 9.91 4.28 Castaic Junction, Station No. 1021 

Oct-81 Sep-82 1982 13.68 3.51 Castaic Junction, Station No. 1021 

Oct-82 Sep-83 1983 29.51 18.57 Castaic Junction, Station No. 1021 

Oct-83 Sep-84 1984 8.61 12.74 Castaic Junction, Station No. 1021 

Oct-84 Sep-85 1985 9.51 7.80 Castaic Junction, Station No. 1021 

Oct-85 Sep-86 1986 18.24 11.59 Castaic Junction, Station No. 1021 

Oct-86 Sep-87 1987 5.98 3.13 Magic Mtn. Parkway, Station No. 200 

Oct-87 Sep-88 1988 17.95 6.63 Magic Mtn. Parkway, Station No. 200 

Oct-88 Sep-89 1989 10.37 2.55 Castaic Junction, Station No. 1021 

Oct-89 Sep-90 1990 4.71 -7.18 Castaic Junction, Station No. 1021 

Oct-90 Sep-91 1991 12.94 -8.69 Castaic Junction, Station No. 1021 

Oct-91 Sep-92 1992 22.72 -0.41 Castaic Junction, Station No. 1021 

Oct-92 Sep-93 1993 26.76 11.90 Castaic Junction, Station No. 1021 

Oct-93 Sep-94 1994 8.2 5.65 Castaic Junction, Station No. 1021 

Oct-94 Sep-95 1995 23 14.21 Castaic Junction, Station No. 1021 

Oct-95 Sep-96 1996 10.24 10.00 Castaic Junction, Station No. 1021 

Oct-96 Sep-97 1997 11.2 6.75 Fairmont, Station No. 042941 

Oct-97 Sep-98 1998 36.25 28.56 Fairmont, Station No. 042941 

Sep-98 Jun-99 1999 6.80 20.91 CCL Office Rain Gauge 

Nov-99 May-00 2000 10.60 17.06 CCL Office Rain Gauge 
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TABLE 5-2 
Local Annual Precipitation (1970 to 2014) 
Chiquita Canyon Landfill 

Date From Date To Year 

Rainfall 
Season Total 

(inches) 
Cumulative Departure 

from Average Location 

Oct-00 Apr-01 2001 16.65 
19.27 

CCL Office Rain Gauge, with March/ 
April from Newhall Station 

Nov-01 May-02 2002 5.27 10.09 CCL Office Rain Gauge 

Nov-02 May-03 2003 17.55 13.19 CCL Office Rain Gauge 

Oct-03 Mar-04 2004 8.35 7.10 CCL Office Rain Gauge 

Oct-04 May-05 2005 48.15 40.80 CCL Office Rain Gauge 

Sep-05 May-06 2006 16.15 42.50 CCL Office Rain Gauge 

Dec-06 Apr-07 2007 2.81 30.87 CCL Office Rain Gauge 

Sep-07 Feb-08 2008 14.10 30.52 CCL Office Rain Gauge 

Oct-08 Mar-09 2009 10.57 26.64 CCL Office Rain Gauge 

Oct-09 May-10 2010 11.75 23.95 CCL Office Rain Gauge 

Oct -10 May-11 2011 19.75 29.25 CCL Office Rain Gauge 

Oct -11 May-12 2012 6.53 21.33 CCL Office Rain Gauge 

Oct -12 May-13 2013 3.22 10.11 CCL Office Rain Gauge 

Oct -13 May-14 2014 4.34 0.00 CCL Office Rain Gauge 

 Average  14.45   

Notes:  

Castaic Junction and Magic Mountain Parkway records from Los Angeles County Department of Public Works, Hydrologic Records 
Division. Fairmont records from Western Regional Climate Center. 

Table modified from RTF&A (2012b). 

 

5.6.3.2 Groundwater Occurrence and Hydrostratigraphic Units 
Groundwater at CCL is found beneath the site in the sedimentary bedrock of the Saugus and Pico formations, 
and not in the relatively thin alluvial deposits that are restricted to canyon floors (Figures 5-8 and 5-9). In the 
Santa Clara River Valley along the southeast property corner, groundwater is also encountered in the higher-
permeability, unconsolidated valley alluvium, which overlies the bedrock materials (Figures 5-5 and 5-6). In this 
river valley, the bedrock and alluvial groundwater systems are interconnected where the base of the saturated 
valley alluvium rests on the underlying sedimentary bedrock. The two groundwater systems are also 
connected along the edge of the Santa Clara River Valley where valley alluvium is in lateral contact with the 
saturated bedrock of the hills that border the valley. 

Alluvial Aquifer – Santa Clara River Valley: The alluvial aquifer system is present south of CCL in the lower 
portion of the Santa Clara River channel alluvium. This lower Santa Clara River channel alluvium aquifer is the 
main source of agricultural and domestic groundwater for the Santa Clara River Valley. The regional alluvial 
aquifer consists of relatively high-permeability alluvium about 100 to 200 feet thick (HLA, 1987). The upper 
20 percent of the alluvial aquifer contains higher-permeability material than the lower portions (Robson, 
1972). The hydraulic conductivities for the lower Santa Clara River alluvial aquifer were estimated from pump 
efficiency tests and drillers’ logs for regional wells, and range from 1.4x10-2 to 1.3x10-1 cm/sec. 
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Unsaturated Alluvial Deposits – CCL: The uppermost portion of the Santa Clara River channel alluvium is 
unsaturated, and this alluvium extends from the river valley onto the CCL site along the floor of three canyons: 
the Main Canyon that extends from the site entrance to its terminus in the North Canyon, a small canyon north 
of Wolcott Way, and the East Canyon, which flows into Castaic Creek before reaching the Santa Clara River. 
The limited extent of these alluvial deposits (Qal) is shown on the site Geologic Map (Figure 5-8). The site 
alluvial deposits are relatively thin, typically less than about 41 feet in thickness, as illustrated by the geologic 
sections (Figure 5-9). Laboratory permeability tests of these alluvial deposits show hydraulic conductivities from 
2.0x10-5 to 1.9x10-3 cm/sec (Table 5-3).  

TABLE 5-3 
Hydraulic Conductivity 
Chiquita Canyon Landfill 

Well Lithology 

Hydraulic 
Conductivity 

(cm/sec) Source  Method 

Alluvial Deposits 

Regional wells 
(about 200) alluvium 1.42E-02 to 0.13 Robson, 1972 

Pumping test and 
drillers’ logs 

A-1 (6 feet) silty sand (SM) 2.0E-04 HLA, 1987 Lab permeameter 

A-2 (16 feet) silty sand (SM) 2.0E-05 HLA, 1987 Lab permeameter 

B-2 (6 feet) silty sand (SM) 5.4E-05 HLA, 1987 Lab permeameter 

C-2 (16 feet) silt (ML) 1.9E-03 HLA, 1987 Lab permeameter 

D-1 (6 feet) silty sand (SM) 1.0E-04 HLA, 1987 Lab permeameter 

D-2 (16 feet) silty sand (SM) 3.5E-05 HLA, 1987 Lab permeameter 

Saugus Formation 

Regional wells 
(about 100) ss 

2.4E-04 to  
4.7E-07 Robson, 1972 

Pumping test and E-log 
approximation 

B-1 (16 feet) ss 4.2E-03 HLA, 1987 Lab permeameter 

B-2 (16 feet) silty ss 3.4E-05 HLA, 1987 Lab permeameter 

C-1 (36 feet) silty ss 8.5E-05 HLA, 1987 Lab permeameter 

DW-3 silty ss with gravel 3.0E-04 RTF&A, 2005b Falling head 

  2.9E-04 RTF&A, 2005b Rising head 

DW-9 silty ss 9.2E-04 EMCON, 1990a Falling head 

  1.1E-03 EMCON, 1990a Rising head 

DW-14 ss 1.1E-05 RTF&A, 2005b Falling head 

  1.1E-05 RTF&A, 2005b Rising head 

DW-24 
ss, gravelly ss with 
silty ss 6.5E-05 RTF&A, 2005b Falling head 

  8.1E-05 RTF&A, 2005b Rising head 

DW-26 
interbedded silty ss 
and sandy siltstone 3.2E-05 RTF&A, 2005b Falling head 

  3.6E-05 RTF&A, 2005b Rising head 

PZ-3 ss and pebbly ss 3.2E-05 RTF&A, 2005b Rising head 

PZ-4 ss 2.1E-05 RTF&A, 2005b Rising head 
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TABLE 5-3 
Hydraulic Conductivity 
Chiquita Canyon Landfill 

Well Lithology 

Hydraulic 
Conductivity 

(cm/sec) Source  Method 

Pico Formation 

DW-8 
mudstone with 3 to 
6 feet ss interbeds 6.4E-05 EMCON, 1990 Falling head 

DW-19 
sandy siltstone to 
sandy claystone 2.4E-06 RTF&A, 2005b Falling head 

  2.5E-06 RTF&A, 2005b Rising head 

PZ-5 
silty ss with 7 feet 
clayey ss interbeds 5.4E-06 RTF&A, 2005b Falling head 

  5.0E-06 RTF&A, 2005b Rising head 

PZ-6 
silty ss with 6 feet 
sandy siltstone 2.5E-06 RTF&A, 2005b Falling head 

   2.8E-06 RTF&A, 2005b Rising head 

Note: 

ss = sandstone 

Along the Main Canyon, the depth of alluvium encountered in 10 exploratory borings ranges from 17 to 41 feet 
below ground surface (bgs) (Table 5-4). Groundwater was not observed in the alluvium during the drilling of 
these borings. Two of these borings were converted to vadose wells: SW-1 near Primary Canyon monitors 
alluvium and the uppermost Saugus Formation, and RD-1 near Canyon C monitored alluvium prior to 
destruction of RD-1 in October 2002. The vadose wells were monitored quarterly starting January 1986 (SW-1) 
and September 1989 (RD-1), and groundwater was not observed in either well during the period ending 
October 2010 for SW-1 and July 2002 for RD-1.  

TABLE 5-4 
Base Alluvium vs. Highest Groundwater Depths 
Chiquita Canyon Landfill 

Location Well ID 

Base 
Alluvium 

Depth  
(feet) 

Highest  
Groundwater  

Depth  
(feet) 

Approximate 
Base Alluvium-
Groundwater 

Separation  
(feet) 

Date of  
Highest 

Groundwater 

Main Canyon DW-1 21 48.91 27.9 4/1/2005 

 DW-2 22 50.91 28.9 4/16/2001a 

 DW-13 20 38.13 18.1 7/22/1998a 

 DW-18 17 57.11 40.1 4/16/2001 

 DW-20 41 54.75 13.8 6/10/2005 

 DW-21 22 62.85 40.9 4/15/2005 

 PZ-1 18.5 34.30 15.8 1/19/1993a 

 PZ-2 17 56.05 39.1 4/22/1998a 

 SW-1 26 dry --- --- 

 RD-1 30 dry --- ---a 
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TABLE 5-4 
Base Alluvium vs. Highest Groundwater Depths 
Chiquita Canyon Landfill 

Location Well ID 

Base 
Alluvium 

Depth  
(feet) 

Highest  
Groundwater  

Depth  
(feet) 

Approximate 
Base Alluvium-
Groundwater 

Separation  
(feet) 

Date of  
Highest 

Groundwater 

East Canyon DW-3 17 78.12 61.1 4/24/2006 

Santa Clara River Valley DW-7 28 32.64 4.6 3/4/2005 

Notes:  

Base alluvium depth in feet bgs. 

Highest groundwater depth in feet below top of well casing; based on highest groundwater elevations  
(relative to surveys), not shallowest measured depth to water. 

Highest groundwater dates for period ending October 2011. 

SW-1 and RD-1 = vadose zone monitoring points 

aMonitoring points destroyed prior to 2005 

 DW-2 (destroyed 12/04) 

 DW-13 (destroyed 10/02) 

 PZ-1 (destroyed 10/02) 

 PZ-2 (destroyed 11/99) 

 

In the East Canyon, exploratory boring E-7 (drilled March 10, 1989) encountered 37 feet of unsaturated 
alluvium above the Saugus Formation, with groundwater found in the Saugus Formation at a depth of 
52.5 feet bgs (EMCON, 1990a). Nearby geotechnical borings HS-3-10 (31 feet of alluvium) and HS-4-10 
(34 feet of alluvium) also encountered unsaturated alluvium over the Saugus Formation when drilled in 
summer 2010 (RTF&A, 2012c). Borings for well DW-3 (18 feet of alluvium) and gas probe GP-9 (25 feet of 
alluvium) encountered unsaturated alluvium. Groundwater is present in well DW-3 at a depth of 
approximately 90 feet in the underlying Saugus Formation and was absent during the September 1995 drilling 
of boring GP-9 to a total depth of 85.5 feet bgs.  

In the small canyon near Wolcott Way, exploratory boring E-9 (drilled March 13, 1989) encountered 54.5 feet 
of unsaturated alluvium overlying the Saugus Formation (EMCON, 1990a). Groundwater was encountered 
beneath the alluvium at a depth of 77 feet in the Saugus Formation.  

Near the south property line at the edge of the Santa Clara River Valley, well DW-7 (drilled March 14, 1988) 
penetrated 28 feet of unsaturated alluvium and was completed as a Saugus Formation monitoring well. 
Groundwater depths at well DW-7 are greater than 32 feet. To the south and east in the Santa Clara River 
Valley, exploratory borings B-2-11 through B-5-11 (drilled November 2011) encountered unsaturated alluvium 
at depths of 24.5 to 49 feet. Groundwater was encountered in the underlying alluvial aquifer at a depth of 
49 feet in B-5-11. 

The site groundwater monitoring wells and piezometers monitor the Saugus and Pico formations, with well 
screens installed across the uppermost water-bearing zone as best determined during drilling operations at 
each location. Ten of these monitoring points penetrated unsaturated alluvium and were completed with 
screen intervals in the underlying Saugus Formation. The highest recorded static groundwater elevations at all 
of these points have remained below the base of the alluvial deposits for the monitoring period ending 
October 2011 (Table 5-4). At the eight groundwater monitoring points in the Main Canyon, the minimum 
separation between the base of the unsaturated alluvial deposits and static groundwater elevations in the 
Saugus Formation has been greater than approximately 14 feet. In the East Canyon at well DW-3, the minimum 
separation between base alluvium and groundwater has been greater than about 61 feet. South of the 
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property along the edge of the Santa Clara River Valley, the minimum alluvium-groundwater separation has 
been more than approximately 4 feet at well DW-7. Based on the observed separation between groundwater 
and the base of alluvium, base flow between groundwater in the Saugus Formation to the alluvial deposits 
does not appear likely within the Main Canyon or the East Canyon. South of the site at well DW-7, the small 
separation between groundwater and base alluvium elevations indicates that base flow is likely in this vicinity 
where saturated Saugus Formation is buried beneath the widespread alluvial deposits along the north flank of 
the Santa Clara River Valley. 

Saugus and Pico Formations – CCL Area: Groundwater occurs in both the Saugus and Pico formations in the 
CCL area. In these sedimentary rocks, groundwater is present primarily in the intergranular porosity, with the 
more permeable, coarser-grained sandstone and conglomeratic units yielding more water than the siltstone 
and finer-grained sedimentary rocks.  

Regionally, the Saugus Formation contains many thin zones of low-permeability material that could act as 
confining layers (Robson, 1972). Near CCL, few production wells produce primarily from the Saugus Formation 
because the regional alluvial aquifer is the major source for groundwater (EMCON, 1990a). The Pico Formation 
lies stratigraphically beneath the Saugus Formation, where Pico Formation groundwater is under confined 
conditions due to the low permeability of the mudstone and siltstone sequences (Robson, 1972). Well surveys 
show no production wells in the vicinity of the site are completed in the Pico Formation (EMCON, 1990a).  

Bedrock hydrogeology may be influenced by the presence of interbedded aquitards, which are the less-
permeable lithologies in the sedimentary sequence. In the Saugus and Pico formations at CCL, these less-
permeable beds include siltstone, mudstone, and claystone. The Pico Formation also contains less-permeable 
interbeds of well-cemented, fossiliferous sandstone and siltstone.  

The geologic structure may also influence groundwater flow in layered sedimentary rocks, particularly in areas 
of steeply dipping beds, folds, or faults. At CCL, the bedrock is folded by two major anticline/syncline pairs that 
generally trend east and plunge to the east, and locally produce steeply dipping beds (Figures 5-8 and 5-9). 
Geologic Sections A-A’ and B-B’ are transverse to the site geologic structure, and illustrate the overall shape 
and location of these anticline/syncline pairs, as well as areas of more steeply dipping beds. Geologic Sections 
C-C’ and D-D’ each parallel the axis of a syncline, and show the gentle eastward plunge of these structures. 

The Geologic Map and detailed Geologic Sections were prepared to illustrate geologic and hydrogeologic 
conditions across the site (Figures 5-8 and 5-9). Geologic contacts, stratigraphic marker beds, mappable 
lithologic units, and geologic structure were identified by evaluating surface geologic maps, test pit logs, dozer 
cut logs, and exploratory boring logs, and by conducting additional field mapping where needed. The lithologic 
units identified as mappable were generally greater than approximately 10 feet thick (drilled thickness), with 
coarse-grained silty sandstone, sandstone, and conglomeratic sandstone grouped together, and the fine-
grained siltstone, mudstone, claystone, and cemented, fossiliferous sandstone grouped separately as potential 
confining layers, or aquitards. The geologic contacts, marker beds, and lithologic units were correlated across 
the site using both subsurface and surface lithologic and structural data.  

A thick section of predominately fine-grained Saugus Formation units was identified in the central portion of 
the site, as illustrated (in green) on Geologic Sections B-B’ and D-D’ (Figure 5-9). The overall stratigraphic 
thickness of this interval is approximately 300 feet, and includes the “DW-6 Siltstone,” with a drilled (vertical) 
thickness more than 164 feet and an estimated stratigraphic thickness of greater than 129 feet at well DW-6. 
This fine-grained unit underlies much of Canyon B, the southeast corner of the Main Canyon, and the 
northeast portion of Primary Canyon. 

Within the Pico Formation, a thick section of siltstone more than 194 feet in vertical thickness (with a 
calculated stratigraphic thickness of greater than 173 feet at well DW-27), was identified as an aquitard 
beneath the northwest portion of the site, and is illustrated (in purple) on Geologic Sections A-A’ and C-C’ 
(Figure 5-9). The deepest stratigraphic penetration of this siltstone is at well DW-27, which was drilled through 
452 feet of Pico Formation. The boring encountered primarily siltstone below a depth of 197.5 feet, including 
the “DW-19 Siltstone” unit (the top of which was initially penetrated during drilling of well DW-19 in 1999). 
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The siltstone beds appear to have very low hydraulic conductivity, based on the slight amounts of groundwater 
yielded from overnight water checks during the well DW-27 drilling program, the slow well recharge during 
well development (RTF&A, 2010e), and the continued rise in monthly groundwater elevations 8 months after 
well development was completed in early August 2010 (Appendix B of the Hydrogeologic Report [RTF&A, 
2012b]). Groundwater in the “DW-19 Siltstone” unit is considered to be under confined conditions, with this 
low-permeability unit acting as an aquitard for potentially deeper water-bearing zones. Within the western 
portion of the North Canyon, including the vicinity of well DW-27, the uppermost groundwater is found within 
this aquitard.  

5.6.3.3 Depth to Groundwater and Groundwater Elevations 
Beneath most of the CCL site, the uppermost water-bearing unit is the Saugus Formation, except in the 
northwest (Figure 5-8). Groundwater elevation hydrographs are shown in Figure 5-15 for all monitoring wells 
and piezometers located at CCL. These data are shown in separate groups of hydrographs for the Primary 
Canyon area, North and East Canyon areas, and for the Pico Formation in Figures 5-16, 5-17, and 5-18, 
respectively.  

Groundwater Elevations 

Most Saugus Formation water level measurements are in wells or piezometers with relatively short screens 
(40 feet or less) and standing water columns of about 40 feet. These groundwater elevations probably 
represent hydraulic head at the water table where the monitoring point is completed in the uppermost water-
bearing zone. However, many of the Pico water level measurement points (DW-8, DW-19, and PZ-5) have 
standing water columns near or greater than 100 feet, and may be indicative of the hydraulic head measured 
at depths greater than the water table. Therefore, the groundwater elevations in the northern area are more 
approximate relative to water table flow conditions (Figure 5-12). The groundwater elevation at well DW-27 is 
considered to represent confined conditions at depth, and is not part of the contoured data. No groundwater 
elevations are shown in the western portion of the North Canyon where the uppermost water-bearing unit is 
the “DW-19 Siltstone” aquitard penetrated by well DW-27. 

Saugus Formation: The majority of the groundwater monitoring wells and piezometers are completed in 
the Saugus Formation, where the depth to groundwater ranges from approximately 33 feet at well DW-7 
to 345 feet at well DW-23. Groundwater elevations in Saugus wells vary from near 920 feet msl along the 
south property line (wells DW-7 and DW-12) to 1,080 feet msl in the East Canyon (wells DW-26 and PZ-7) 
(Figure 5-12). Seasonal groundwater elevation variations are less than a few feet at most hillside locations, 
with greater fluctuations (nearly 20 feet) in wells along canyon bottoms, as shown on the hydrographs 
(Figure 5-18). In spring 2005, groundwater levels in the canyon wells rose almost 10 feet (well DW-1) following 
the 2004 to 2005 winter rains. At the CCL rain gauge, the annual precipitation of 48.15 inches for October 2004 
to May 2005 water year was more than triple the local average annual precipitation for the period from 
1970 to 2013 (Table 5-2 and Figure 5-14). The groundwater elevations at most Saugus wells reached historical 
highs in spring 2005 or spring 2006.  

Several exploratory bucket auger borings drilled as part of RTF&A’s slope stability/ geotechnical investigations 
(RTF&A, 2006b; 2009b; and 2012c) encountered perched groundwater conditions. These perched zones 
typically consisted of several feet of saturated materials at the base of sandstone beds, underlain by fine-
grained impermeable claystone and siltstone beds or fault gouge. The more permeable sandstones directly 
below these perched zones were moist, but not saturated.  

Pico Formation: Groundwater is also present in the Pico Formation, which crops out in the northwestern part 
of the site. In this area, the uppermost groundwater occurs in the Pico Formation. Eight monitoring points 
(DW-8, DW-19, DW-25, DW-27, DW-28, PZ-5, PZ-6, and PZ-8) are completed in the Pico Formation (Figure 5-18). 
Groundwater depths range from approximately 72 feet at PZ-6 in the East Canyon to 335 feet at well DW-28 on 
the slope of the northwest ridgeline. Pico Formation groundwater elevations vary from about 1,105 feet msl in 
the East Canyon (PZ-6) to 1,219 feet msl in the north canyon (PZ-8) (Figure 5-12). The seasonal groundwater 
elevation variations are less than a few feet at wells DW-8, DW-19, DW-25, and PZ-5. Piezometer PZ-6, located 
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in the bottom of the East Canyon along the east-plunging axis of the anticline, showed a greater seasonal 
groundwater elevation fluctuation of over 10 feet, as illustrated on the hydrographs (Figure 5-17). 

5.6.3.4 Hydraulic Properties 
The hydraulic properties of the bedrock formations were obtained from in situ pumping tests, rising and falling 
head (slug) tests, and laboratory testing from various sources (Table 5-3). Hydraulic conductivity, gradient, 
porosity, and groundwater flow velocity in the Saugus Formation were obtained from various site data.  

Saugus Formation: Both regional and site hydraulic conductivity data are available for the Saugus Formation 
(Table 5-3). The regional permeability of the Saugus Formation (determined from soils, electric log correlations, 
and pumping tests) ranges between 2.4x10-4 and 4.7x10-7 cm/sec (Robson, 1972). The hydraulic conductivity of 
the Saugus Formation at CCL was determined from laboratory permeameter testing of samples from shallow 
depths in borings HLA B-1, B-2, and C-1 (1987), and from slug tests at wells DW-3, DW-9, DW-14, DW-24, DW-26, 
PZ-3, and PZ-4 (Table 5-3). Representative in situ hydraulic conductivity values within the saturated zone ranges 
from 1.1x10-3 to 1.1x10-5 cm/sec based on slug test results of onsite wells.  

Pico Formation: The hydraulic conductivity of the Pico Formation at CCL was determined from slug tests at 
wells DW-8, DW-19, PZ-5, and PZ-6 (Table 5-3). Representative values for hydraulic conductivity range from 
6.4x10-5 to 2.4x10-6 cm/sec at these points, and are generally less than the Saugus Formation values. Based on 
the very slow recharge at well DW-27, it appears to have lower permeability than well DW-19 (2.4 x 10-6 to 
2.5 x 10-6 cm/sec), which was completed in the upper portion of the “DW-19 Siltstone.” 

5.6.3.5 Groundwater Flow Direction and Points of Compliance 
The October 2011 static groundwater elevations and associated groundwater contours across the site are 
shown in Figure 5-12, with approximate groundwater flow directions indicated by arrows. Figure 5-19 shows 
the maximum groundwater elevation together with the Proposed Project excavation plan and landfill limits to 
illustrate the future POCs and separation between groundwater and waste. The proposed landfill limits for the 
Proposed Project are also shown. The Proposed Project footprint encompasses South Main Canyon, Main 
Canyon landfill, and North Canyon with surface drainage to the south, as well as East Canyon with drainage 
southeast to Castaic Creek. The closed landfill footprints (Primary Canyon and Canyon B) remain the same. 
The groundwater flow directions and POCs are described below for each of the existing and Proposed Project 
landfill areas. The POC for each landfill area is a vertical surface located in the hydraulically downgradient limit 
of the waste management unit and that extends through the uppermost water-bearing zone underlying the 
unit, as defined by the CCR (Title 27, s 20164). 

Main Canyon and Primary Canyon: In the western half of the site, beneath the South Main Canyon, 
Main Canyon, and Primary Canyon, the general groundwater flow direction is south toward the Santa Clara 
River Valley. Along the Main Canyon, from the site entrance (well DW-1) north about 2,500 feet, the natural 
topography appears to direct groundwater flow from the ridges (wells DW-8 and DW-9 to the west, and wells 
DW-15, DW-16, and DW-17 to the east) to the canyon bottom, where groundwater elevation contours “V” or 
point up the Main Canyon. Based on these groundwater contours, the interpreted POC for the South Main 
Canyon and Main Canyon extends from approximately 850 feet southeast of well DW-9 to 700 feet north of 
well DW-1, following the south edge of the proposed landfill perimeter (Figure 5-19). The POC for Primary 
Canyon remains unchanged from previous monitoring reports, and follows the south and west landfill 
perimeter (RTF&A, 2011b and 2011c). POC monitoring in both areas is within the Saugus Formation.  

Canyon B: In the Saugus Formation beneath Canyon B, groundwater appears to flow eastward down the 
canyon toward monitoring points DW-3 and PZ-4, with well DW-14 in a hydraulically upgradient position. The 
local topography and stratigraphy appear to influence the groundwater flow at Canyon B, with a high ridge 
(about 1,450 feet msl) south of the canyon and a thick, fine-grained “DW-6 Siltstone” unit along the south side 
of Canyon B, as shown on geological section B-B’ (Figure 5-12). The POC for Canyon B is at the northeastern 
perimeter of the unit and is unchanged from previous monitoring reports (RTF&A, 2011b and 2011c).  
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East Canyon and North Canyon: In the East Canyon, south of the anticlinal fold axis, the apparent 
groundwater flow direction is south. Along the fold axis, the groundwater flows down-plunge to the east 
through successively higher (younger) lithologic units, starting with Pico Formation siltstones at well DW-19, 
and ending with Saugus sandstones at DW-26.  

In the North Canyon and the northern portion of the East Canyon, the groundwater appears to flow east to 
northeast, generally down and away from the axis of a broad synclinal fold. Based on these groundwater 
contours, the POC for the North Canyon and East Canyon extends eastward from near well DW-27 to the 
northeast corner of Canyon B, following the proposed landfill perimeter (Figure 5-19).  

5.6.3.6 Groundwater Flow Velocity 
Estimates of the rate of groundwater flow in the Saugus Formation can be calculated from Darcy's Law, 
expressed as:  

V = Ki/n 
 
Where:  V = linear groundwater velocity 
  K = hydraulic conductivity 
  i = hydraulic gradient 
  n = effective porosity 

As discussed above, the range for in situ hydraulic conductivity values in the Saugus Formation is 1.1x10-3 to 
1.1x10-5 cm/sec. The hydraulic gradient measures the change of hydraulic head (feet) per unit length (feet), 
measured parallel to flow. Based on the groundwater elevations in October 2011, the gradient beneath the 
Main Canyon and Primary Canyon areas was approximately 0.03 to 0.04, and the estimated hydraulic gradient 
in the East Canyon near boring E-7 was 0.11 (Figure 5-12). 

Effective porosity refers to the amount of interconnected pore space available for fluid transmission, and it is 
different than the porosity of a material, which is the volume of voids expressed as a percentage of the total 
volume of material. The available porosity values from laboratory tests in the Saugus Formation are 0.25 to 
0.38, and assuming that only 75 percent of the pore spaces are connected, the estimated effective porosity is 
0.19 to 0.28 (EMCON, 1990a). 

Because the Saugus Formation underlies most of the landfill areas, including all of the POC areas, and the 
Pico Formation is less permeable than the Saugus, the rate of groundwater flow through the Saugus Formation 
should be considered a maximum. For the Main Canyon and Primary Canyon areas, the calculated Saugus 
Formation flow velocity is approximately 1 to 210 feet per year using the stated range of porosity, permeability, 
and hydraulic gradient values noted above. At the proposed toe of the East Canyon landfill area, the calculated 
Saugus Formation flow velocity is approximately 4 to 659 feet per year using the same range of porosity, 
permeability, and hydraulic gradient values.  

5.6.3.7 Separation between Groundwater and Waste  
As described above, Figure 5-19 shows the maximum groundwater elevation together with the Proposed 
Project excavation plan and landfill limits to illustrate the future POCs and separation between groundwater 
and waste. The excavation plan footprint encompasses both the Main Canyon with surface drainage to the 
south, and the East Canyon with drainage to the southeast. The Primary Canyon and Canyon B footprints 
remain the same.  

The Proposed Project includes changes to the currently approved landfill footprint in two areas: (1) the 
North Canyon and East Canyon Excavation Area northeast of and contiguous with the Main Canyon landfill, and 
(2) the South Main Canyon Excavation Area, which is south of and adjoining the Main Canyon landfill. The cell 
excavation plan illustrates the proposed grading (with red elevation contour lines) in these areas (Figure 5-19).  
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The waste management unit siting and design criteria (CCR, Title 27, s 20240 [c]) state: 

“All new landfills waste piles, and surface impoundments shall be sited, designed, constructed, and 
operated to ensure that wastes will be a minimum of five feet (5 ft.) above the highest anticipated 
elevation of underlying ground water. Existing landfills, waste piles, and surface impoundments 
shall be operated to ensure that wastes will be a minimum of five feet (5 ft.) above the highest 
anticipated elevation of underlying ground water.” 

A maximum groundwater elevation map was prepared for comparison to the Proposed Project cell excavation 
plan, so that a minimum of 5 feet separation would be maintained between groundwater and refuse. The 
maximum groundwater elevations (blue contour lines) and excavation elevations (red contour lines) are shown 
in Figure 5-19. The proposed cell excavation plans appear to meet the above Title 27 requirement based on the 
following analysis. 

Since January 1986, the groundwater elevations in the canyon bottoms have been monitored at wells DW-1 
(Main Canyon) and DW-3 (East Canyon), and provide 25 years of historical data at points near the downgradient 
edge of each of the proposed landfills (Appendix B of the Hydrogeologic Report [RTF&A, 2012b]). Local annual 
precipitation data show the greatest rainfall (48.15 inches at the site) during the winter season 2004 to 2005, 
with a long-term average of about 14.45 inches (Table 5-2). For the purpose of establishing the highest 
anticipated groundwater elevations beneath the proposed North/East Canyons and South Main Canyon landfill 
areas, it was assumed the record rainfall of 2004 to 2005 would result in the maximum (highest) groundwater 
elevations. At a particular groundwater monitoring point, if the record of groundwater elevations at a 
monitoring point extends through the 2004 to 2005 rainfall season, the highest recorded elevation was used on 
the maximum groundwater elevation map (Figure 5-19). If the record does not extend through the 2004 to 2005 
rainfall season, but a nearby monitoring point does have the extended record, the highest elevation is adjusted 
based on the groundwater level difference in the nearby monitoring point. These adjusted groundwater 
elevations are noted in Figure 5-19, and the groundwater elevation adjustments and site historical groundwater 
elevation measurements for all monitoring points are summarized in the Hydrogeologic Investigation (RTF&A, 
2012b). The precipitation since this evaluation was performed (2012, 2013, and 2014 water years) would not 
change this analysis since they were significantly below average (6.53, 3.22, and 4.34 inches, respectively).  

The majority of the current monitoring wells, including all of the Saugus Formation wells located in or near the 
canyon bottoms, recorded the highest historical groundwater elevations during either the spring of 2005 or 
2006. In wells near the bottom of the Main Canyon, the highest groundwater elevations were in spring 2005. 
Compared to the Main Canyon, the East Canyon wells responded more slowly to the rainfall in 2004 to 2005, 
with some wells (DW-3 and DW-17) showing the highest groundwater elevations in spring 2008. In piezometer 
PZ-4 at the eastern edge of the drainage, the most recent October 2011 measurement was the highest 
groundwater level recorded. In the central portion of the North/East Canyons at piezometers PZ-5 and PZ-6, 
the highest groundwater elevations were reached in August 2011 and March 2006, respectively. In the North 
Canyon, only 2010 and 2011 groundwater levels were available with the exception of well DW-19, which 
showed the highest groundwater level in August 2011.  

Maximum groundwater elevations determined either from historical measurements or from adjustments are 
provided in Figure 5-19. These maximum groundwater elevations, along with water levels determined from 
soil borings, where appropriate, were used to produce the maximum groundwater elevation (blue) contours. 
Because the water levels determined from soil borings are from a single measurement, no adjustments were 
possible with these data, and less emphasis was placed on these for contouring.  

Figure 5-19 also presents the Proposed Project cell excavation plan (red elevation contours) to illustrate the 
waste-groundwater separation in both the North/East Canyons and South Main Canyon landfill areas, where 
the elevation difference between the red and blue contour lines represents the approximate minimum waste-
groundwater separation. Because the bottom of refuse will be slightly higher than the excavation elevations, 
depending on the approved liner system design, the waste-groundwater separation calculated from these 
contour lines represents a minimum. 
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In the North/East Canyons, the waste-groundwater separation is smallest near the northwest corner of the 
excavation floor along a zone of higher groundwater associated with the anticlinal fold axis. The minimum 
separation of 5 feet occurs above the toe of the sideslope, between piezometers PZ-5 and PZ-8, where 
proposed grades range from 1,165 feet msl to 1,205 feet msl, and associated groundwater elevations range 
from 1,160 feet msl to 1,200 feet msl. The waste-groundwater separation increases to 25 feet southeasterly 
along the fold trend, where the “1,100” groundwater contour intercepts the excavation contour “1,125” 
between wells PZ-6 and DW-26 at the east side of the landfill floor. The waste-groundwater separation within 
the excavation floor increases to 50 to 60 feet along the north side, and to 110 feet in the southwest corner.  

In South Main Canyon, the waste-groundwater separation is least at the west side of the excavation floor, near 
the toe of the east-facing cut slope. Here, the approximate waste-groundwater separation is 14 feet near the 
center (where the proposed grade estimated at 1,014 feet msl and the groundwater elevation contour is 
1,000 feet), and the separation increases to about 25 to 30 feet at the north and south ends of the cut slope. 
Across the excavation floor, the waste-groundwater separation ranges from 25 to 50 feet. Therefore, the 
proposed cell excavation plans for the North/East Canyons and South Main Canyon areas meet the CCR 
(Title 27, s 20240 [c]) requirement for siting and design to ensure that wastes will be a minimum of 5 feet 
above the highest anticipated elevation of underlying groundwater.  

5.6.4 Slope Stability 
The slope stability analysis associated with the Proposed Project Excavation Plan (Figure 2-4) related to 
construction of the landfill liner, the east and south basins, and the entrance road was performed by RTF&A 
and is presented in their Geotechnical Investigation reports (RTF&A, 2012c and 2014a). The results for each of 
these analyses are described below.  

5.6.4.1 Cut Slope Stability 
Twenty cut slopes are planned for development of the North and East Canyon Excavation Area; eight cut slopes 
are proposed for the South Main Canyon and entrance road. In both areas, the proposed landfill liner limit is 
approximately coincident with the downslope side of the perimeter road, shown in Figures 5-10a and 5-10b. 
The cut slopes are designated Cut Slope CS-1, CS-2, CS-3a, CS-3b, and CS-4 through Cut Slope CS-27, with 
locations shown in Figures 5-10a and 5-10b. Data specific to all of the cut slopes, including slope height, 
gradient, and underlying geologic conditions are summarized in Table 1 of the Geotechnical Investigation 
report (RTF&A, 2012c) as updated in the Additional Geotechnical Evaluation Report (RTF&A, 2014a). 

Natural slopes within the site are underlain by bedrock of the Pliocene age Pico Formation and the younger 
Plio-Pleistocene age Saugus Formation. Collectively, these formations are composed of bedded sedimentary 
rock units. Claystone units are common within both formations. These claystone units are most likely 
responsible for the landslides within the site, including the landslide complex located in East Canyon 
(landslides Qls G through Qls L; Figure 5-11a).  

Bedding planes are well developed within the Pico Formation and poorly to moderately well developed within 
the Saugus Formation. The bedding can constitute planes of weakness. Where bedding is adversely oriented or 
“daylighted” with respect to natural or cut slopes, potential for “block-glide” failure exists. Block-glide slides 
are common within both the Saugus and Pico formations. 

Slope Stability Analysis 

Slope stability analyses were performed by RTF&A using the program Slope/W by GEO-SLOPE International 
Ltd., which utilized Spencer’s or Bishop’s Method. Within Los Angeles County, a static factor of safety of 1.5 
and a seismic factor of safety of 1.1 is required for permanent slopes. The Proposed Project excavation slopes 
outside of the lined landfill footprint are considered permanent slopes. Within the landfill liner limit, the 
temporary excavation slopes will be lined and eventually covered with refuse. For a particular lined cut slope, 
the local placement of refuse may continue for several years before the final landfill grade is attained. 
However, there will not be any structures or access by the public below these temporary slopes. 
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Within Los Angeles County, temporary slopes are required to meet a static factor of safety of 1.25, which was 
utilized by RTF&A (2012c) for the evaluation of the excavation plan for slopes that are proposed to be lined.  

Los Angeles County Department of Public Works Geotechnical Materials and Engineering Division (GMED) 
provided feedback relative to factor of safety requirements for the proposed temporary excavation slopes that 
have the potential to exist for an extended period of time (Wan, 2013, personal communication). GMED 
indicated that a temporary factor of safety of 1.25 is acceptable for the proposed excavation slopes within the 
Chiquita Canyon Landfill property boundary. However, any potential failure planes that daylight off property 
that have the potential to exist in an unmodified condition for an extended period of time will need to meet 
the GMED static factor of safety requirements of 1.5 for permanent slopes. Review of the numerous proposed 
cut slopes indicate that only proposed Cut Slope CS-7 (Geotechnical Section S5-S5’) has the potential to exist 
unmodified for an extended period of time and has a failure plane that extends off-site that will have a factor 
of safety of less than 1.5. Additional slope configurations and stability calculations for Cut Slope CS-7 were 
performed to address this issue and the results are summarized below, and presented in detail in the 
Additional Geotechnical Evaluation report (RTF&A, 2014a). 

Shear Strength Parameters 

The recommended shear strength parameters are based on the results of the direct shear test results, 
presented in Appendix B of the Geotechnical Investigation report (RTF&A, 2012c), performed on 
representative samples of the earth materials encountered within the exploratory borings. In addition, shear 
strength parameters were also reviewed and presented in the referenced reports for the subject site and 
nearby vicinity. The plots of peak, single-shear residual (SSR), and multi-shear residual (MSR), as appropriate, 
are presented on the direct shear test summaries in Appendix B of the Geotechnical Investigation report 
(RTF&A, 2012c). Table 5-5 presents the selected bedding plane shear strengths, as well as the cross-bedding 
and compacted fill shear strengths recommended for slope stability evaluation at the site.  

TABLE 5-5 
Recommended Shear Strength Parameters 
Chiquita Canyon Landfill 

Material 
Cohesion  

(psf) 

Angle of  
Shearing Resistance  

(degrees) 

Landslide Failure Plane (MSR) 100 10 

Saugus and Pico Formations Bedding Plane (MSR) 200 18 

Saugus Formation Cross Bedding (SSR) 600 36 

Pico Formation Cross Bedding (SSR) 500 30 

Compacted Fill (SSR) 350 30 

Note: 

psf =pounds per square foot 
 

Geologic Sections and Assumed Critical Failure Surface 

The slope stability analyses were based on subsurface conditions, as depicted on the geologic sections, 
Figures 5-11a and 5-11b. The existing topography, proposed grading scheme, and subsurface geologic 
structure are shown on the geologic sections. Where geologic sections traverse the proposed landfill 
perimeter, the lined slopes (temporary slopes within the landfill footprint) and permanent slopes (above the 
landfill perimeter) are also designated. For analyses, where the location of weak bedding planes is unknown or 
uncertain, one is assumed to be located at the critical location, typically near the toe of the slope. Although the 
highest measured groundwater level is indicated on the geologic sections, the analyses generally assumed a 
phreatic surface above the critical failure surface for bedding plane failures slope stability analysis. The results 
of the slope stability analyses for these sections are presented in Figure 5-20. The slope stability calculations 
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are presented in Appendix D of the Geotechnical Investigation report (RTF&A, 2012c) as updated in the 
Additional Geotechnical Evaluation report (RTF&A, 2014a).  

The results of the slope stability analyses presented in the Geotechnical Investigation report are summarized 
in Table 5-6. All slopes analyzed were considered grossly stable. 

TABLE 5-6 
Summary of the Slope Stability Analyses 
Chiquita Canyon Landfill 

Cut 
Slope General Location 

Slope  
Height  
(feet) 

Slope  
Grade Geologic Stability 

CS-1 Main Canyon 300 2:1 Bedding dipping steeper than slope 
gradient; grossly stable 

CS-2 Main Canyon 150 2:1 Bedding dipping steeper than slope 
gradient; grossly stable 

CS-3a North Canyon 220 2:1 Bedding dipping parallel to or steeper 
than slope gradient; grossly stable 

CS-3b North Canyon 75 2:1 Bedding dipping steeper than slope 
gradient; grossly stable 

CS-4 North Canyon 210 2:1-4:1 Bedding dipping parallel to or steeper 
than slope gradient; grossly stable 

CS-5 North Canyon 120 2:1-3:1 Daylighted bedding; stable by analyses 

CS-6 North Canyon 290 2.5:1-3:1 Daylighted bedding; stable by analyses 

CS-7 North Canyon 205 2:1-3:1 Daylighted bedding; stable by analyses 

CS-8 East Canyon 225 2:1 Favorable bedding; grossly stable 

CS-9 East Canyon 150 2:1 Daylighted bedding; stable by analyses 

CS-10 East Canyon 185 2:1 Favorable bedding; grossly stable 

CS-11 East Canyon 150 2:1 Favorable bedding; grossly stable 

CS-12 East Canyon 100 2:1 Favorable bedding; grossly stable 

CS-13 East Canyon 50 2:1 Favorable bedding; grossly stable 

CS-14 East Canyon 20 2:1 Favorable bedding; grossly stable 

CS-15 East Canyon 50 2:1 Favorable bedding; grossly stable 

CS-16 East Canyon 110 2:1 Favorable bedding; grossly stable 

CS-17 South of Primary Canyon 160 2:1 Favorable bedding; grossly stable 

CS-18 South Main Canyon 200 2:1 Daylighted bedding; stable by analyses 

CS-19 East Canyon 50± 2:1 Favorable bedding; grossly stable 

CS-20 South of Primary Canyon 30 2:1 Favorable bedding; grossly stable 

CS-21 South of Primary Canyon 85 2:1 Favorable bedding; grossly stable 

CS-22 South Main Canyon 100 2:1 Favorable bedding; grossly stable 

CS-23 East Canyon 85 2:1 Favorable bedding; grossly stable 
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TABLE 5-6 
Summary of the Slope Stability Analyses 
Chiquita Canyon Landfill 

Cut 
Slope General Location 

Slope  
Height  
(feet) 

Slope  
Grade Geologic Stability 

CS-24 South Main Canyon 235 2.5:1 Bedding dipping steeper than slope 
gradient; grossly stable 

CS-25 North Canyon 35 2:1 Bedding dipping steeper than slope 
gradient; grossly stable 

CS-26 Landfill Entrance 85 2:1 Favorable bedding; grossly stable 

CS-27 Landfill Entrance 75 2:1 Favorable bedding; grossly stable 

Source: Summarized from Table 1 of the Geotechnical Investigation (RTF&A, 2012c) 

 

Potential Set-Aside Area and Borrow Area Slopes 

The 2014 Excavation Plan includes grading for potential improvements in the Set-Aside Area and three 
Potential Borrow Areas, as depicted with green elevation contours on Figures 5-10a and 5-10b. Perimeter cut 
slopes would be created for any grading associated with the Set-Aside Area pad, including slopes on the north 
and east sides of the pad, as well as a borrow area slope along the northwest side. These slopes would range 
from 100 feet on the north and east to approximately 125 feet for the northwest borrow area slope. The 
proposed pad elevation of the Set-Aside Area would be established at an elevation of approximately 1025 feet 
msl. Additionally, borrow area slopes would be graded along the western and northern walls of Wolcott 
Canyon. The maximum proposed heights for these slopes range from 100 feet to 225 feet. 

The cut slopes would encounter sedimentary bedrock units of the Saugus Formation, with the underlying 
bedding striking northwest and dipping approximately 20 to 40 degrees towards the northeast. Based on the 
orientation of bedding relative to cut slopes, there is a potential for adversely dipping, or “daylighted,” 
bedding for the easterly-facing cut slopes along the western side of Wolcott Canyon. Potential daylighted 
bedding may require some type of stabilization, such as buttresses, retaining walls, or flattening of the cut 
slope gradient. Landslides would likely be encountered in the 160-foot-high borrow area cut slope in the 
southwest corner of the Set-Aside Area, and in the borrow area cut slope along the north wall of Wolcott 
Canyon. Both landslides would require complete removal to establish a stable slope configuration if the 
potential grading depicted on the 2014 Excavation Plan is implemented.  

If the cut slopes do not effectively remove the landslides, additional excavation deeper than the proposed cut 
grades would be necessary to remove the slide debris, and the slope grades restored with engineered fill. 

Once site-specific grading plans are developed for the Set-Aside Area and the Potential Borrow Area slopes, 
geotechnical investigations will need to be performed to refine the geotechnical mitigation measures and 
recommendations addressed above. 

5.6.4.2 Landfill Slope Stability  
Golder (2012) performed static and seismic slope stability analyses for the proposed master plan revision. 
The slope stability analyses addressed the following: 

 Global slope stability of permanent waste slopes 

 Slope stability of interim waste slopes within operational modules 

For global slope stability of permanent waste slopes, a minimum factor of safety of 1.5 was used as the design 
criterion. Since the interim waste slopes are likely to remain for more than a year, a minimum factor of safety 
of 1.5 was also used as the design criterion for interim stability of operational modules. 
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The MCE ground motions were used in the seismic slope stability analyses of permanent landfill slopes, and a 
PGA having 10 percent probability of exceedance (POE) in 5 years was used in the analysis of interim waste 
slopes. Rigorous seismic slope stability analyses were performed to determine the potential for permanent 
displacement along the critical cross-sections. A permanent displacement value of 6 inches was considered as 
the maximum acceptable displacement, based on previous RWQCB direction. 

The static and pseudo-static slope stability analyses were performed using the SLOPE/W 2007 computer 
program developed by GEO-SLOPE International Ltd. The seismic slope stability analyses performed include: 

 A site-specific deterministic seismicity hazard analysis to estimate the MCE ground motions along faults 
that can impact this site. Also, a site-specific probabilistic seismic hazard analysis to estimate the PGA 
having a 10 percent POE in 5 years. Spectrum-compatible acceleration time histories were developed for 
the MCE and probabilistic ground motions. 

 Pseudo-static slope stability analyses to estimate the yield acceleration for each critical cross-section, 
where yield acceleration is the horizontal acceleration that results in a pseudo-static factor of safety of 1. 

 Site response analyses using the SHAKE91 computer program to determine the average horizontal 
equivalent acceleration (HEA) time history for the critical seismic trial surface associated with each cross-
section. 

 Newmark displacement analyses, which involved the double-integration of the average HEA in excess of 
the yield acceleration, to estimate the likely magnitude of permanent displacement. 

The following is a summary of Golder’s analyses and findings (2012): 

Permanent Waste Slopes 

The global slope stability of the permanent waste slopes was analyzed using the following assumptions 
regarding the shear strength of the liner systems to be constructed within the future waste disposal modules: 

 Base Liner System: A double-sided textured high-density polyethylene (HDPE) geomembrane will be used 
within the base liner system. The base liner system will meet a minimum large-displacement shear 
strength envelope defined by a friction angle of 12 degrees. 

 Side Slope Liner System: A single-sided textured HDPE geomembrane will be used within the side slope 
liner system, with the textured side facing the subgrade and the smooth side facing the operations soil 
layer. The smooth side of the geomembrane will meet a minimum large-displacement shear strength 
envelope defined by a friction angle of 16 degrees with the operations soil layer, and the textured side will 
meet a minimum large-displacement shear strength envelope defined by friction angle of 24 degrees with 
the subgrade. The operations soil layer is assumed to be placed incrementally during construction. 

Using the above assumptions, static factor of safety was determined for each critical cross-section and found 
to be equal to or greater than the acceptable value of 1.5.  

The seismic displacement analyses indicated that the permanent waste slopes are unlikely to experience 
permanent displacement during the MCE.  

Interim Waste Slopes 

The static slope stability analyses for interim waste slopes showed static factors of safety were equal to or 
greater than the minimum acceptable value of 1.5 for the proposed interim waste grading. The maximum 
waste elevation within Module 9 should be limited to 1,315 feet to achieve a minimum static factor of safety 
of 1.5. Similarly, to achieve a minimum static factor of safety of 1.5, the maximum waste elevation within 
Module 10 should be limited to 1,245 feet. 

The seismic displacement analyses predicted permanent displacement of less than 1 inch for the design PGA 
corresponding to a 10 percent POE in 5 years. 
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5.6.5 Potential Geologic Hazards 
Potential geologic hazards include, but are not limited to, primary earthquake hazards (ground shaking and 
ground rupture), secondary earthquake hazards from earthquake ground shaking (such as liquefaction, 
tsunamis, and seiches), and landslides/slope instability. Earthquakes have the potential to inflict the greatest 
loss of life and property damage. Consequently, the location of a site to active or potentially active faults is a 
key element in assessing the potential for earthquake damage.  

The major cause of damage from earthquakes is generally the result of strong ground shaking from movement 
along a fault or fault zone. Ground shaking could occur not only immediately adjacent to the earthquake 
epicenter, but within areas for many miles in all directions. Damage due to actual fault displacement or 
ground rupture beneath a structure may also occur; however, fault ground rupture is much less common, and 
typically confined to areas along, or immediately adjacent to, the fault surface trace.  

Landslides are common hazards in Southern California, particularly in hillside areas underlain by sedimentary 
rock units. Landslides can occur in terrain ranging from vertical cliffs to slopes as gentle as one or two degrees. 
Materials on slopes that are subject to landsliding include rock, soil, artificial fill, or combinations of these 
materials. 

5.6.5.1 Fault Hazard 
Earthquakes result from movement along faults or volcanic activity. In California, earthquakes are more 
commonly associated with faults or fault zones, and the Southern California region is historically seismically 
active. The numerous faults in California include both active and potentially active faults. In accordance with 
criteria established for the Alquist-Priolo Earthquake Fault Zoning program (Hart and Bryant, 1999) by CGS, a 
fault can be considered active if it has demonstrated movement within the Holocene epoch, or approximately 
the last 11,000 years. Faults that have demonstrated Quaternary movement (last 1.6 million years), but lack 
strong evidence of Holocene movement, are classified as potentially active. Faults that have not moved since 
the beginning of the Quaternary period are deemed inactive.  

Site Faults: As part of the Proposed Project for landfill development, a fault study (including an extensive 
subsurface investigation) was performed by RTF&A (2006c) within the footprint of the future North and East 
Canyon Excavation Area. The purpose of this fault study was to investigate previously mapped faults in the 
North and East Canyon area to determine if the site meets the State Class III landfill siting criteria for ground 
rupture that states “landfills shall not be located on a known Holocene fault” (27 CCR, s 20260[d]) and the 
federal location restriction for fault areas (40 CFR, Part 258.13). 

Based on the geologic fault investigation, RTF&A concluded that no mappable, through-going, continuous 
active or potentially active faults underlie the site, and the site is not within an Alquist-Priolo Earthquake Fault 
Zone, as established by CGS. The closest active (and zoned) fault to the site is the San Gabriel Fault, located 
approximately 3.3 miles to the east-northeast. According to the results of the fault study, there is little 
probability of surface rupture due to faulting occurring onsite during the design life of the project. 

Active Faults: The site is located within an area potentially susceptible to severe ground shaking, due to the 
close proximity of several active faults, including the San Gabriel, Oak Ridge, Santa Susana, and San Cayetano 
Faults.  

San Gabriel Fault: The nearest active fault is the San Gabriel fault, located approximately 3.3 miles east-
northeast of the site. The San Gabriel Fault extends approximately 90 miles through the Transverse Ranges of 
Southern California. The San Gabriel Fault consists of a zone of imbricate steeply north-dipping faults. 
Throughout most of its extent, the fault has strong geomorphic expression, with the faults within the zone 
characterized by displaced geologic units, deflected drainages, strike valleys, notched ridges, subparallel 
faulting, fracturing, and folding (Oakeshott, 1958; Wentworth and Yerkes, 1971).  

Within the Santa Clarita Valley, from Castaic Creek to the San Gabriel Mountains, the fault crosses the Castaic 
lowlands and the Santa Clara River, where its course is marked by a belt of braided small faults and steep dips 
in Pliocene and Pleistocene beds. Since most of the displacement within the fault zone took place before 
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deposition of these geologically young beds, the fault’s trend through this area is not nearly as conspicuous as 
within the rocks along the southwestern margin of the ridge basin or in the basement rocks of the San Gabriel 
Mountains (Crowell, 1982). The location of the fault, however, is somewhat defined by the steeply dipping and 
folded beds of the Plio-Pleistocene Saugus Formation, and the fault is exposed in cut slopes, road cuts, and 
trenches.  

Prior to 1979, most geologists studying the San Gabriel Fault acknowledged that late Pleistocene 
(approximately the past 100,000 years) activity along the fault zone was probable, but evidence for possible 
Holocene activity was judged to be very questionable (Kahle, 1986b). However, after completing a geologic 
and geomorphic investigation of the San Gabriel Fault, Weber (1979) concluded that some evidence strongly 
suggested Holocene activity. Subsequently, Cotton and Seward (1984) conducted exploratory trenching along 
segments of the fault zone in the Santa Clarita Valley. Although no surface evidence of faulting was recognized, 
at least two trenches revealed displacement of Holocene age alluvial deposits. Radiocarbon analyses of detrital 
charcoal from faulted alluvial materials in a trench excavated in Rye Canyon yielded an age of 3,500 ± 
250 years before present. Alluvium dated as 1,550 ± 190 years before present was shown to be unfaulted in 
the same trench, establishing limits of latest movement on the Castaic-Bouquet Junction segment of the 
San Gabriel Fault. 

Based on the findings of Weber (1979), Cotton and Seward (1984), and the recommendations of Kahle (1986b) 
for a CGS Fault Evaluation Report for the fault, the State Geologist established an Alquist-Priolo Earthquake 
Fault Zone for the San Gabriel Fault in 1987 within the Newhall Quadrangle.  

Santa Susana Fault: The Santa Susana Fault, located approximately 6 miles southwest of the site, consists of a 
complex zone of primarily north-dipping thrust faults. The fault zone extends northeastward from the Santa 
Susana Mountains across San Fernando Pass, and into the San Gabriel Mountains. A short segment of the 
Santa Susana Fault ruptured during the 1971 San Fernando earthquake (Southern California Earthquake Data 
Center [SCEDC], 2010); however, the remainder of the fault zone has not demonstrated displacement since 
late Pleistocene time (Slosson and Barnhart, 1967). 

Oak Ridge Fault: The Oak Ridge Fault is a south-dipping reverse fault that forms a ridge to the south of its 
trace. The fault extends for a distance of approximately 56 miles from Piru on the east to offshore, at a point 
about 20 miles south of Santa Barbara. The onshore segment of the Oak Ridge Fault is roughly parallel to both 
the Santa Clara River and SR-126. The offshore segment is associated with a definite zone of active seismicity 
(SCEDC, 2010). The only known Holocene surface rupture is found onshore, between the towns of Bardsdale 
and Fillmore (Yeats et al., 1986; Powell, 1991). 

At its eastern end, the Oak Ridge Fault appears to be overthrust by the Santa Susana Fault, becoming a “blind 
thrust fault” (SCEDC, 2010). The fault associated with the 1994 Northridge earthquake is probably associated 
with the Oak Ridge Fault system. At its closest point, the Oak Ridge Fault is situated approximately 7 miles 
west-southwest of the site. 

San Cayetano Fault: The San Cayetano Fault is an east-west trending, north-dipping thrust fault that extends 
approximately 28 miles from the foothills north of Piru to the southeastern edge of Ojai Valley. Weber et al. 
(1973) and Kahle (1985) suggest that Holocene fault activity is indicated by well-defined fault scarps and offset 
Holocene sediments. The San Cayetano Fault is located approximately 9.5 miles west of the site. 

Other Active Faults: Other more distant, but significantly active faults include the San Fernando Fault Zone, 
located approximately 12 miles southeast of the site, and the San Andreas Fault Zone, located approximately 
20 miles to the northeast.  

Potentially Active Faults: The potentially active Holser Fault is situated approximately 1,000 feet north of the 
site. The Holser Fault consists of a south-dipping, sharply folded reverse fault (Winterer and Durham, 1962) that 
trends east-southeast from near Piru Creek to at least Castaic Junction. The Holser Fault post-dates deposition 
of the Pico Formation and is believed to be a “backthrust” of a subsurface thrust fault that represents the 
intersection of the San Cayetano and Santa Susana Faults at depth (Yeats et al., 1994). Weber (1979) states that 
there is no clear evidence of Holocene activity along the Holser Fault, but “plentiful evidence” that activity has 
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occurred in the past 100,000 years. Geolabs (2007) recently conducted a surface fault rupture hazard 
assessment for the Holser Fault within Parcel Map 18108, located east of CCL. Geolabs concluded that the last 
known movement on the Holser Fault was approximately 40,000 to 100,000 years ago. Consequently, the fault 
is considered potentially active.  

Inactive Faults: The inactive Del Valle Fault is located approximately 1.2 miles southwest of the site. This fault 
trends eastward from the Los Angeles-Ventura County Line for nearly 2 miles, turning southward before 
crossing San Martinez Grande Canyon near its confluence with the Santa Clara River. According to Winterer 
and Durham (1962), the eastward-trending segment of the Del Valle Fault consists of a south-dipping reverse 
fault; the southward-trending segment is considered a tear (strike-slip) fault. 

Blind-Thrust Faults: A growing body of geologic and seismologic data, supplemented by regional structural 
interpretations, suggests Pliocene to modern deformation in the Los Angeles basin is partly accommodated 
by developing basement-involved fold and thrust belts (Davis et al., 1989; Hauksson, 1990; Shaw and Suppe, 
1996). The fold and thrust belts are expressed at the ground surface by elongate, low-lying anticlinal ridges. 
At the core of these anticlinal ridges are low-angle, blind-thrust faults rising off a basal detachment surface. 
Recognized blind-thrust faults in the Los Angeles and Ventura basins include the Elysian Park, Compton-Los 
Alamitos, Oak Ridge, and Northridge blind-thrust faults.  

The closest known blind-thrust to the site is the Northridge blind-thrust fault. The site, however, is not 
underlain by any known blind-thrust fault.  

5.6.5.2 Landslide Hazard 
The site is mantled with numerous landslides. Most of the major landslides were previously identified by 
EMCON (1990a) and other geologists within the subject site boundaries. The number of landslides is, in part, 
due to the orientation of the geologic structure, as well as the weak materials exposed within the upper Pico 
Formation and lower Saugus Formation.  

Several Holocene landslides (designated “Qls A” through “R”) and one Pleistocene (older) landslide (designated 
“Qols A”) have been identified within the Proposed Project grading limits. The landslides typically consist of 
translational slides that failed along a weak, unsupported bedding plane. Landslides located within the 
footprint of the North and East Canyon Excavation Area include Qls E through Qls R, and Qols A. Landslides 
located within the proposed grading limits of the South Main Canyon landfill and entrance road consist of Qls A 
through Qls D. 

Landslide Qls G constitutes a major landslide complex within the northern portion of the site that was 
reactivated during the 2004 to 2005 winter storms when a record rainfall of 48.15 inches occurred at the site. 
In addition to the Qls G complex, numerous smaller slides have been identified adjacent to Qls G, including 
Qls H through Qls L. 

An older, previously unidentified landslide was discovered by RTF&A during exploration for the 2006 fault 
study (RTF&A, 2006c). The older landslide appears to be derived primarily from bedrock of the Pico Formation, 
although lithologies of Saugus Formation and older alluvium are intermixed within the landslide mass. The 
geomorphology of the landslide suggests that no recent movement has occurred within the mass, as there are 
no signs of open fractures, scarps, grabens, or hummocky terrain. Geologic sections constructed through the 
slide indicate the landslide will likely be removed as part of development of the North and East Canyon 
Excavation Area (RTF&A, 2012c).  

5.6.5.3 Debris Flow Hazard 
Debris flows, consisting of a moving mass of heterogeneous debris lubricated by water, are generated by 
shallow soil slips in response to heavy rainfall. Landslides depend on deep percolation of groundwater and may 
not respond to the effects of heavy rainfall until long after a storm, whereas debris flows “occur during, and 
only during, heavy rainfall” (Campbell, 1975). According to Campbell (1975), damage from debris flows is due 
chiefly to inundation by, or high-velocity impact of, the debris mass. Campbell identifies three conditions for 
debris flow potential: 
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 A mantle of colluvial soil or a wedge of colluvial ravine soil 

 A slope angle ranging from 27 to 56 degrees (slopes steeper than 56 degrees generally do not have a 
continuous mantle of colluvium and are most commonly bare bedrock) 

 Soil moisture equal to or greater than the liquid limit of the colluvial soil 

No existing debris flow deposits have been identified within the Proposed Project grading footprint. Within the 
Proposed Project footprint, the proposed grading will eliminate most of the debris flow hazard by the removal 
of debris flow-susceptible material (i.e., weathered bedrock, slope wash, and residual soil) and with the 
construction of drainage/debris basins. The potential for debris flows still exists along the perimeter of the 
Proposed Project development area, within the natural drainages above the proposed excavation footprint. 
The proposed design should allow for the cleanup or control of any debris flows that may encroach into the 
landfill area and perimeter maintenance road.  

The potential for debris flows also exists within the natural drainages and slopes along the north side of the 
future entrance road, specifically where the entrance road will cross in front of three significant drainage 
gullies.  

5.6.5.4 Expansive Soil Hazard 
The site is underlain by bedrock of the Pico and Saugus formations, both of which contain potentially 
expansive clay-rich strata. Additional testing of expansive properties of the soils may be required if buildings 
and/or other structures sensitive to expansive soils are planned for the site. Additional testing should be 
completed during the grading plan review if deemed necessary by the project geotechnical and civil engineers. 

5.6.5.5 Flooding Hazard 
Review of Federal Emergency Management Agency (FEMA) Flood Insurance Rate Maps indicates that the site 
is not within a known flood zone. The nearest mapped flood zone boundary, related to Castaic Creek, is 
approximately 1,500 feet southeast of the site. 

5.6.5.6 Liquefaction Hazard 
The State of California Seismic Hazard Map for the Val Verde Quadrangle (CGS, 2002) indicates that portions of 
the alluvial soils at the site are within a potential liquefaction area. Liquefaction may occur when saturated, 
loose to medium dense, cohesionless soils are densified by ground vibrations. The densification results in 
increased pore water pressures if the soils are not sufficiently permeable to dissipate these pressures during, 
and immediately following, an earthquake. When the pore water pressure is equal to, or exceeds, the 
overburden pressure, liquefaction of the affected soil layers occurs. For liquefaction to occur, three conditions 
are required: 

 Ground shaking of sufficient magnitude and duration 

 Soils that are susceptible to liquefaction 

 Groundwater level at or above the level of the susceptible soils during the ground shaking 

For a site to be considered susceptible to liquefaction using the criteria and methodology initially developed by 
Seed and Idriss (1982), liquefaction of underlying soil layers must result in an observed surface effect such as 
sand boils, mud-spouts, surface water seepage, ground cracking, or quicksand-like conditions.  

Lateral spreading can result in ground cracking, and may occur when a site is sloped or is near a free-face and 
there is a sufficiently continuous liquefiable layer on which the overlying soils can move laterally. 

Ground settlement may occur during seismic shaking of an area. The settlement can be caused by liquefaction 
of loose, granular soils and by compaction of loose, but not necessarily liquefiable, soils. 

As a result of the existing and proposed grading, loose alluvial soils within the proposed development area will be 
removed and replaced with compacted fill soils. The alluvium within the proposed development area will be 
mantled by certified engineered fill. The alluvial soils are underlain by bedrock materials. Accordingly, at the 
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completion of the grading operations, the site will be underlain by a combination of bedrock materials, dense 
alluvial deposits, and engineered fill.  

Within the state of California mapped potential liquefaction areas, the historic high groundwater levels (RTF&A, 
2012b) are below the elevation of alluvial soils that are subject to liquefaction. Since the alluvial soils that have a 
potential to be subject to liquefaction are not saturated when the groundwater is at its historical high level, the 
proposed development area is considered to have a very low potential for liquefaction. The site is also not 
considered to be subject to lateral spreading.  

The floor of the Set-Aside Area is mantled by Holocene alluvial deposits. These materials may be susceptible 
to liquefaction and/or hydroconsolidation. If grading of the Set- Aside Area is performed, alluvial deposits 
determined to be susceptible to liquefaction or hydroconsolidation would need to be removed and replaced 
with engineered fill materials. Once site-specific grading plans are developed for the Set-Aside Area 
geotechnical investigations will need to be performed to refine the geotechnical mitigation measures and 
recommendations addressed above. 

5.7 Potential Impacts 
5.7.1 Standards of Significance 
The potential impacts of the Proposed Project resulting from geologic and hydrogeologic conditions or seismic 
considerations are assessed in this section. Significance of the assessment of these direct and indirect impacts 
is evaluated according to Sections 15002(g), 15382, 15065(c), and Appendix G of the California Environmental 
Quality Act (CEQA) Guidelines.  

 A project is determined to have a significant effect on the environment if it results in a substantial adverse 
change in the physical conditions that exist in the area affected by the proposed project. 

Pertaining to Geology and Hydrogeology, Appendix G of the CEQA Guidelines states that a project will normally 
have a significant effect if it will: 

 Expose people or structures to substantial geologic hazards such as: rupture of a known earthquake fault, 
strong seismic ground shaking, seismic-related ground failure, or landslides. 

 Result in substantial soil erosion or loss of topsoil. 

 Be located on a geologic unit or soil that is unstable or that would become unstable as a result of the 
project. 

 Be located on expansive soil creating substantial risks to life or property. 

 Substantially deplete groundwater supplies or interfere substantially with groundwater recharge such that 
there would be a net deficit in aquifer volume or a lowering of the local groundwater table level. 

5.7.2 Proposed Project 
Potential impacts of the Proposed Project related to geology, hydrogeology, and seismicity are described 
below with respect to the above standards of significance.  

5.7.2.1 Substantial Adverse Change in Physical Conditions 
There is a potential for the Proposed Project to have a significant effect on the environment due to resulting 
changes in the physical conditions that exist in the area. These potential effects on the environment and 
appropriate mitigation measures are identified below for potential geologic and hydrogeologic impacts. 
However, as described, below, the impacts from the Proposed Project due to these changes will be less than 
significant after implementation of the mitigation measures described below. 
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5.7.2.2 Potential Exposure to Substantial Geologic Hazards 
There is a potential for the Proposed Project to expose people or structures to substantial geologic hazards 
such as: rupture of a known earthquake fault, strong seismic ground shaking, seismic-related ground failure, or 
landslides. The significance for the Proposed Project to expose people or structures to each of these geologic 
hazards is described below. 

Rupture of a Known Earthquake Fault: The detailed faulting study demonstrates that there are no known 
active or Holocene faults within the Proposed Project area (RTF&A, 2006c). Therefore, there is not a potential 
for the Proposed Project to expose people or structures to substantial geologic hazards from rupture of a 
known earthquake fault. Therefore, no mitigation measures would be required. Although mitigation is not 
required, all faults should be observed, surveyed, and documented during grading activities consistent with 
good practice. 

Strong Seismic Ground Shaking: There is a potential for the Proposed Project to expose people or structures 
to substantial geologic hazards from strong seismic ground shaking. However, as required by RWQCB, the 
Proposed Project will be designed to withstand the MCE. A seismic slope stability analysis, including a 
determination of the expected PGA at the Unit associated with the MCE, was prepared for the Proposed 
Project (Golder, 2012). The analysis concluded that the Proposed Project design will withstand ground shaking 
associated with the MCE. The seismic slope stability analysis will be included as part of the JTD for the 
proposed Unit, which will be submitted to regulatory agencies for review and approval. The required design of 
the facility to meet or exceed the stringent seismic ground shaking regulatory construction standards will 
mitigate this impact to a less-than-significant level. Therefore, no mitigation measures would be required. 

Seismic-Related Ground Failure and Landslides: There is a potential for seismically related ground failure and 
landslides for the North, East, and South Main Canyon areas. Numerous landslides, both recently active and 
ancient, are present within the site boundaries and indicate the potential for future failures if not properly 
mitigated. Ground failure and landslides can be initiated by seismic ground shaking and deep percolation of 
groundwater from sustained, heavy rainfall.  

As described in Section 5.6.4, twenty cut slopes are planned for development of the North and East Canyon 
Excavation Area; eight cut slopes are proposed for the South Main Canyon and entrance road. The cut slopes 
are designated Cut Slope CS-1, CS-2, CS-3a, CS-3b, and CS-4 through Cut Slope CS-27, with locations shown in 
Figures 5-10a and 5-10b. Slope stability analyses were performed using the program Slope/W by GEO-SLOPE 
International Ltd., which utilized Spencer’s or Bishop’s Method. Within Los Angeles County, a static factor of 
safety of 1.5 and a seismic factor of safety of 1.1 is required for permanent slopes. The results of the slope 
stability analyses are summarized in Table 5-6. As summarized in Table 5-6, all of the cut slopes are grossly 
stable. In addition, any unsuitable material identified during excavation by a geotechnical engineer will be 
overexcavated and replaced with compacted earthfill. Therefore, these impacts would not be significant, and 
no mitigation measures would be required.  

5.7.2.3 Potential for Project to Result in Substantial Soil Erosion or Loss of Topsoil 
There is a potential for the Proposed Project to result in substantial soil erosion or loss of topsoil. However, 
erosion will be controlled during implementation of the Proposed Project as required by the following 
regulatory criteria, as described in Chapter 6.0, Surface Water Drainage: 

 National Pollutant Discharge Elimination System (NPDES) General Permit requirements issued under 
SWRCB Order No. 97-03-DWQ and the associated site-specific Stormwater Pollution Prevention Plan 
(SWPPP) and Stormwater Monitoring Program (SWMP) 

 CCR Title 27 requirements, including Sections 20365, 20820, and 21150 

The potential soil loss associated with the Proposed Project was evaluated using the Universal Soil Loss 
Equation (United States Department of Agriculture). The potential soil loss was estimated to be less than 
2 tons per acre per year, which is the maximum annual soil loss recommended by EPA. 



5.0 GEOLOGY AND HYDROGEOLOGY 
 

ES092311093436SCO/ 112720001 DRAFT EIR 5-39 

Therefore, these impacts would not be significant, and no mitigation measures would be required. 

5.7.2.4 Potential for Project to Be Located on Geologic Unit or Soil That Is or Would 
Become Unstable 

The potential for debris flows also exists within the natural drainages and slopes along the north side of the 
future entrance road, specifically where the entrance road will cross in front of three significant drainage 
gullies. There is a potential for debris flow along the perimeter of the development of the Proposed Project 
area. The proposed design should allow for the cleanup. The potential impact would be mitigated to below a 
level of significance by allowing for the control of any debris flow (see GH-1). 

There is a potential for the Proposed Project to be located on a geologic unit or soil that is unstable or that 
could become unstable as a result of the Proposed Project. Geologic units or soils could become unstable as a 
result of ground motion. However, the Proposed Project design has taken into consideration site-specific 
geologic investigations performed by RTF&A (2006b, 2009b, 2012a, and 2012c) and others. Excavation slopes 
have been designed to avoid adverse bedding conditions. Any unsuitable material, as determined by a 
geotechnical engineer, present in the subgrade after excavation will be overexcavated and replaced with 
compacted earthfill.  

As described in Section 5.6.4, twenty cut slopes are planned for development of the North and East Canyon 
Excavation Area; eight cut slopes are proposed for the South Main Canyon and entrance road. The cut slopes 
are designated Cut Slope CS-1, CS-2, CS-3a, CS-3b, and CS-4 through Cut Slope CS-27, with locations shown in 
Figures 5-10a and 5-10b. Slope stability analyses were performed using the program Slope/W by GEO-SLOPE 
International Ltd., which utilized Spencer’s or Bishop’s Method. Within Los Angeles County, a static factor of 
safety of 1.5 and a seismic factor of safety of 1.1 is required for permanent slopes. The results of the slope 
stability analyses are summarized in Table 5-6. As summarized in Table 5-6, all of the cut slopes are grossly 
stable. Therefore, these impacts would not be significant, and no mitigations measures would be required. 

5.7.2.5 Potential for Project to be Located on Expansive Soil 
There is a potential for buildings and/or other structures related to the Proposed Project to be located on 
expansive soil, creating substantial risks to life or property, because the site is underlain by bedrock of the Pico 
and Saugus formations, both of which contain expansive clay-rich strata, as previously discussed. This potential 
impact would be mitigated by performing additional testing of the expansive properties of the soils if buildings 
and/or other structures sensitive to expansive soils are planned for the site, as described in Mitigation 
Measure GH-2. 

5.7.2.6 Substantially Deplete Groundwater Supplies or Interfere with Groundwater Recharge 
There is a potential for the Proposed Project to incrementally deplete groundwater supplies and interfere with 
groundwater recharge, because the proposed liner and cover system of the Unit and erosion controls over the 
remaining developed areas would reduce or eliminate recharge of precipitation to the water table. In addition, 
there is a potential that groundwater extraction may be required for a corrective action program if a release 
from the Unit occurs to the environment. However, the volume of decreased recharge or potential 
groundwater extraction related to the Proposed Project would not be measurable compared to the recharge 
that occurs from precipitation over the Santa Clara River Valley East Subbasin and runoff from the surrounding 
Santa Clara River Valley watershed. The Proposed Project would extend the current waste footprint by 
approximately 143 acres, less than 0.1 percent of the area of the Santa Clara River Valley East Subbasin, which 
is over 200 square miles in size (Figure 5-6). In addition, stormwater runoff discharged from the site would flow 
into the Santa Clara River, where it could recharge the groundwater system. Therefore, these impacts would 
not be substantial (i.e., significant), and no mitigation measures would be required.  
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5.8 Mitigation Measures 
Potential impacts of the Proposed Project related to geology, hydrogeology, and seismicity will be addressed 
by implementing the following mitigation measures. 

GH-1 Debris Flow. Debris flow is a rapid and fluid type of downhill mass wasting, consisting of 
heterogeneous debris lubricated with water caused by heavy rainfall. Similar terms for debris flow are 
mudflow and mudslide. There is a potential for debris flow occurring at the site during heavy rains 
within existing drainage areas at the subject site. The proposed design shall include provisions for 
control and cleanup of debris flows that may encroach into the landfill cell, perimeter maintenance 
road, and proposed development areas. Potential mitigation measures could consist of combinations 
of the following mitigation measures such as elevated development areas, drainage devices, impact 
walls, debris basins, and avoidance. Additional debris flow evaluation and mitigation should be 
performed as part of future development of rough grading plans for the entrance road.  

GH-2 Expansive Soil. There is a potential for buildings and/or other structures to be located on expansive 
soil, because the site is underlain by bedrock of the Pico and Saugus formations, both of which contain 
potentially expansive clay-rich strata. Additional testing of the expansive properties of the soils may be 
required if buildings and/or other structures sensitive to expansive soils are planned for the site. 
Additional testing should be completed during the grading plan review if deemed necessary by the 
project geotechnical and civil engineers. 

5.9 Significance After Mitigation 
Potential impacts of the Proposed Project related to geology, hydrogeology, and seismicity will be less than 
significant after implementation of the mitigation measures described above.  

5.10 Cumulative Impacts 
The potential for cumulative impacts related to geologic resources would be limited to the removal of native 
topsoil and the potential export of some excavated soil. Similar effects may be associated with other local 
development; however, most projects typically strive for soil balance in their cut and fill grading. The Proposed 
Project is not expected to significantly contribute to cumulative depletion of native soils. Potential impacts 
such as landslides and seismic hazards must be mitigated on a project-by-project basis using project design to 
satisfy regulatory requirements. The Proposed Project, in conjunction with other related projects, would not 
produce cumulatively significant effects associated with geology and hydrogeology.   
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FIGURE 5-3
Regional Faults and Earthquake 
Epicenters
Chiquita Canyon Landfill 
Master Plan Revision 
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FIGURE 5-4
Local Faults
Chiquita Canyon Landfill 
Master Plan Revision 

_̂

Note: Facility and pipeline locations are approximate and are for graphical purposes only.
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FIGURE 5-5
Groundwater Basins in the 
Santa Clara River Drainage
Chiquita Canyon Landfill 
Master Plan Revision 
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FIGURE 5-6
Groundwater Elevation
Contour Map for the Alluvium
Spring 2000
Chiquita Canyon Landfill 
Master Plan Revision
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Source: Dibble, 1993

FIGURE 5-7
Local Geology
Chiquita Canyon Landfill 
Master Plan Revision 
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FIGURE 5-8
Geologic Map
Chiquita Canyon Landfill 
Master Plan Revision 
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Source: RTF&A, 2012.

FIGURE 5-9
Geologic Sections
Chiquita Canyon Landfill 
Master Plan Revision 



 

 

 

 



Source: RTF&A, 2014.

FIGURE 5-10a
Geotechnical Map
North and East Canyons
Chiquita Canyon Landfill 
Master Plan Revision 
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Source: RTF&A, 2014.

FIGURE 5-10b
Geotechnical Map
South Main Canyon and
Entrance Road
Chiquita Canyon Landfill 
Master Plan Revision 
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Source: RTF&A, 2012.

FIGURE 5-11a
Geologic Sections, North and 
East Canyons
S1 through S18
Chiquita Canyon Landfill 
Master Plan Revision 
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Source: RTF&A, 2012.

FIGURE 5-11b
Geologic Sections, North and 
East Canyons
S19 through S28
Chiquita Canyon Landfill 
Master Plan Revision 
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Source: RTF&A, 2012.

FIGURE 5-12
Groundwater Elevation 
Contour Map - October 2011
Chiquita Canyon Landfill 
Master Plan Revision 
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Note:
Proposed Landfill Limits from 
Golder Associates
November, 2011
Excavation Plan

FIGURE 5-13
Proposed Groundwater 
Monitoring System
Chiquita Canyon Landfill 
Master Plan Revision 
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FIGURE 5-14
Annual Precipitation and 
Cumulative Departure from Average
Chiquita Canyon Landfill 
Master Plan Revision 
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FIGURE 5-15
Site Groundwater Elevations
Chiquita Canyon Landfill 
Master Plan Revision 
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FIGURE 5-16
Primary Canyon Groundwater
Elevations
Chiquita Canyon Landfill 
Master Plan Revision 
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FIGURE 5-17
North and East Canyons
Groundwater Elevations
Chiquita Canyon Landfill 
Master Plan Revision 
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FIGURE 5-18
Pico Groundwater Elevations
Chiquita Canyon Landfill 
Master Plan Revision 
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Source: RTF&A, 2012.

FIGURE 5-19
Maximum Groundwater Elevations 
and Cell Excavation Plan
Chiquita Canyon Landfill 
Master Plan Revision 
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Source: RTF&A, 2012.

FIGURE 5-20
Geotechnical Sections
Chiquita Canyon Landfill 
Master Plan Revision 
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