
 

CONSULTING ENGINEERS & GEOLOGISTS, INC.  
335 S. Main St., Willits, CA  95490-3977 707-459-4518  FAX: 707-459-1884  willitsinfo@shn-engr.com 

 

\\Willitssvr\Projects\2017\417034-ESL-Expansion\200-FldInvest\PUBS\Rpts\DRAFT-Seismic Siting Criteria.doc 

Reference:  417034.200 
 
March 5, 2018 
 
Mr. Joe Miller, PE 
SCS Engineers 
3843 Brickway Blvd. Suite 208 
Santa Rosa, CA  95403 
 
Subject: Geologic and Seismic Siting Assessment for the Proposed Eastlake Landfill 

Expansion, Lake County, California 
 
 
1.0 Introduction 
The following report summarizes the geologic and seismic conditions at the Eastlake Landfill pertaining to 
compliance with regulatory requirements for the proposed Eastlake Landfill expansion and future cell 
construction.  The existing landfill property encompasses five (5) separate parcels owned by the County of 
Lake totaling 80 acres of which 34 acres are currently permitted for Class III waste disposal.  Existing facilities 
at the site include a scale and gatehouse, maintenance and operation buildings, leachate collection pond, a 
gas blower and flare station, and surface water impoundment (Figure 1).  To date, a network of 35 
groundwater monitoring wells have been installed at the facility. 
 
Former and current waste emplacement occurs within a south-southwest trending canyon.  Cover material 
for the existing refuse areas is generated onsite from a borrow area located to the south of the permitted 
refuse area.  Areas being considered for development as part of the landfill expansion primarily include the 
previously disturbed borrow area as well as currently undeveloped land to the south of the borrow area, 
and land abutting the north edge of the of the currently permitted refuse area.     
 
1.1 Proposed Expansion Plans 
The proposed landfill expansion and future waste cell construction will include a new Subtitle D-compliant 
waste disposal cell potentially in the existing borrow area and in the undeveloped area located on the 
southernmost parcel.  Additional areas being considered include the area north of the currently permitted 
refuse area.  All proposed expansion areas are shown on Figure 1 and labeled as SCS Hybrid Option 1, South 
Lake Option 1, and SCS Option 2.  Base grading plans, liner details, leachate collection system details, and 
gas collection system details for the proposed waste cell are currently being prepared by SCS Engineers but 
have not been provided as of the date of this report.  Because the site is being proposed as a Class III landfill 
expansion for nonhazardous solid waste, it is subject to the geologic and seismic siting criteria specified in 
Section 20260 Title 27 of the California Code of Regulations.   
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1.2 Purpose and Scope of Geologic and Seismic Assessment 
The primary purpose of SHN’s desktop and field investigation was to review available geologic data for the 
site and evaluate the proposed new waste cell locations with respect to Class III landfill siting criteria as 
specified in Title 27.  Primary addressed in this report is a characterization of the site pertaining to the 
potential for surface fault rupture and rapid geologic change to directly affect the proposed expansion 
areas.  The scope of work completed to address the seismic and rapid geologic change criteria included the 
following: 
 

• A desktop review of existing site data including published geologic mapping, fault activity maps, and 
the epicenter locations of recorded historic seismicity available from the United States Geological 
Survey (USGS) and California Geological Survey (CGS); 

• Review of existing subsurface exploration boreholes previously drilled at the site for the installation 
of monitoring wells; 

• Additional subsurface investigation including the drilling of five boreholes with downhole 
geophysical logging performed on two of the boreholes. 

• A seismic refraction survey to image the locations of suspected bedrock faults projecting through 
the proposed expansion area; 

• Preparation of this report with findings and conclusions pertaining to fault activity and the potential 
for rapid geologic change.  SHN has also provided a discussion of the soil rippability based on the 
downhole geophysical logging and seismic refraction survey.   

 
2.0 Conformance with Geologic and Seismic Siting Criteria 
The new cells proposed for the landfill expansion are planned Class III waste disposal cells.  Pursuant to the 
regulations specified in Section 20260 Title 27, they are subject to the geologic and seismic siting criteria 
outlined below and addressed in the following sections: 
 

• Surface Ground Rupture - New Class III and expansions of existing Class II-2 landfills shall not be 
located on a known Holocene fault. 

• Rapid Geologic Change - New Class III landfills can be located within areas of potential rapid geologic 
change only if the RWQCB finds that the unit's containment structures are designed, constructed, 
and maintained to preclude failure.  

 
As described in detail below, the results of our assessment indicate that the areas proposed for landfill 
expansion meet the Title 27 siting criteria and are determined to be suitable for future development as Class 
III waste disposal areas. 
 
2.1 Fault Siting Criteria 
Active faults are defined as faults that have had surface displacement in the Holocene epoch (in the past 
11,000 years) based on CCR Division 2, Title 14, also known as the Alquist-Priolo Earthquake Fault Zoning Act 
(A-P Act).  Potentially active faults are defined by the A-P Act as faults showing surface displacement during 
mid to late Quaternary time (about 1.6 million years before present) that have a relatively high potential for 
ground rupture.  In general, Quaternary faults that do not record evidence of Holocene surface 
displacement are not considered as being active by the State of California. 
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Regional and Local Faults 
Based on the most recent available data, no active or potentially active faults are reported to be present 
within the boundaries of the project site (Figure 4).  The Eastlake Landfill is not located within an A-P 
Earthquake Fault Hazard Zone (CDMG, 1982; CDMG, 1983; Jennings, 2010).  Regional active faults within 
about 50 miles of the Eastlake Landfill include the Konocti Bay fault zone, Big Valley fault, Hunting Creek-
Berryessa fault, the north section of the Maacama fault zone, San Andreas fault, Bartlett Springs fault 
(Bryant and Hart, 2007) and Great Valley 03 Mysterious Ridge blind thrust fault (USGS and CGS, 2018).  In 
addition to the regional active faults, multiple unnamed and early Quaternary faults have been identified 
within the limits of the proposed northern and southern landfill expansion areas as depicted on Figure 2 
(Hearn and others, 1995).  None of these faults, however, are zoned as Holocene-active faults by CGS.  The 
most recent fault activity map of California (Figure 3; Jennings, 2010) indicates the local faults are less than 
1.6 million years old but lack evidence of movement in the middle to late Quaternary (i.e. the last 700,000 
years).  
 
Hearn and others (1976) mapped the Clear Lake area in detail and depict an extremely complex pattern of 
faults (Hearn and others, 1995).  From their mapping, they concluded that the Clear Lake area fits a system 
of deformation related to northwest-directed right-lateral strike-slip faulting that has locally been 
overprinted by features related to Quaternary volcanism.  Subsequent researchers (Herd, 1982) suggested 
that faults in the Clear Lake area are primarily related to caldera subsidence and formation of the Clear Lake 
basin.  SHN therefore interprets the identified local bedrock faults to be a product of earlier geologic 
processes which are no longer active in the areas proximal to the Eastlake Landfill.  SHN found no evidence 
during our field reconnaissance and aerial imagery review suggestive of active faulting such as linear 
escarpments, vegetation lineaments, offset drainages, or offset ridges indicating that the faults crossing the 
facility are relict structures which are no longer capable of surface fault rupture. 
 
The nearest Holocene age fault to the Eastlake Landfill is the seismically active Konocti Bay fault zone 
located 5 miles to the southwest at its closest point to the site (Figure 4).  The Konocti Bay fault zone is 
comprised of multiple discontinuous fault segments that strike north-northwest to north-northeast and are 
located south and east of Mt. Konocti (CDMG, 1982; CDMG, 1983).  The fault zone ranges in width from 
about 1,500 feet to 10,000 feet.  Readily evident displacements identified from field reconnaissance and 
aerial photographic analysis is mainly normal.  Geomorphic features suggestive of Holocene activity such as 
backfacing scarps, sidehill benches, deflected drainages, and offset ridges are abundant along the principal 
northwest-trending faults.  Focal-plane solutions from historic seismicity attributed to the Konocti Bay fault 
zone indicate strike-slip motion to be the primary fault mechanism at depth.  Holocene age faulting is 
further attested to by the presence of a fault lineament beneath Konocti Bay, which is marked by a 
prominent line of gaseous springs that records displacement recent enough to have produced a 1 meter 
high scarp preserved in the lake bottom sediments.   
 
Table 1 summarizes the maximum probable earthquake (MPE) associated with regional active faults located 
within 25 miles of the site.  The MPE is the design earthquake for Class III landfills, is typically defined as the 
maximum earthquake likely to occur in a 100-year period, and shall not be less than the maximum historical 
event.  As shown in Table 1, the MPE for the listed faults in proximity to the Eastlake Landfill are capable of 
generating estimated peak horizontal ground accelerations (PHGA) of up to 0.7 g at the site (USGS, 2013). 
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Table 1 
Summary of Active Faults in Proximity to Eastlake Landfill 

Fault Name Style of 
Faulting 

Distance From Landfill MPE2 
Magnitude 

(Mw)3 

MPE 
PHGA4 

(g)5 miles km1 

Konocti Bay Fault Zone Strike-slip 5 8 unknown 0.55 
Hunting Creek-Berryessa Fault Zone Strike-slip 10 17 6.9 0.46 

Great Valley 03 Mysterious Ridge Reverse 15 24 7 0.56 
Maacama Strike-slip 23 37 7.1 <0.7 

Bartlett Springs Strike-slip 23 37 7.1 <0.7 
1. km:  kilometers 
2. MPE:  maximum probable earthquake 
3. Mw:  moment magnitude 
4. PHGA:  peak horizontal ground acceleration  
5. g:  acceleration due to gravity 

 
2.1.2 Project Site Fault Assessment  
Several bedrock fault structures of Quaternary age have been identified within the northern and southern 
limits of the proposed landfill expansion areas (Hearn and others, 1995).  These faults include: 1) the two 
unnamed faults trending north and northeast in the northern parcel located within the “South Lake Option 
1” landfill expansion area, and 2) the two unnamed faults trending northwest through the existing borrow 
area and undeveloped lands south of the borrow area located within the “SCS Hybrid Option 1” and “SCS 
Option 2” landfill expansion areas.  The identified fault traces are shown on Figure 2 and labeled numbers 1 
through 4.  Fault trace number 3 shown on Figure 2 has been omitted on the State of California Fault Activity 
Map and is therefore not included on Figure 3.  The fault is presumably considered to be pre-Quaternary age 
due to its omission on the State’s Fault Activity Map, which depicts all known Quaternary faults in California.   
 
Fault traces #1 and #2 within the proposed northern expansion area are projected to underlie the existing 
permitted waste cell as does fault trace #3 in the proposed southern expansion area.  None of these fault 
structures are judged to have been active during the Holocene, nor are they considered capable of surface 
ground rupture for the reasons outlined below.  
 

• Unnamed fault trace #1:  This fault trace enters the northern boundary of the existing permitted 
landfill waste cell, and trends north to north-northwest.  The sense of movement on the fault is 
reportedly normal with a down-to-the-east sense of displacement. The existing topography and 
geomorphic expression of Quackenbush Mountain, which is bisected by fault trace #1, currently 
displays higher relief to the east side of the fault which is opposite the sense of displacement.  This 
fault is attributed by Herd (1982) to be primarily the result of constructional volcanic processes and 
local caldera collapse which are unlikely to constitute a future hazard.  The displacements along 
these faults are thought to represent a one-time event, with little chance of recurring displacement.  
We therefore interpret the existing topography to be a product of landscape erosion and not active 
faulting.  We conclude that fault trace #1 is early Quaternary in age and has not exhibited 
movement during the late Quaternary or Holocene time.  SHN therefore judges the potential for 
movement to recur in the future on this fault trace to have a very low probability.      



SCS Engineers 
Geologic and Seismic Siting Assessment - Proposed Eastlake Landfill Expansion 
March 5, 2018 
Page 5 
 

\\Willitssvr\Projects\2017\417034-ESL-Expansion\200-FldInvest\PUBS\Rpts\DRAFT-Seismic Siting Criteria.doc  

• Unnamed fault trace #2:  The fault trace enters the northwest boundary of the currently permitted 
waste cell and is located within the limits of the proposed northern expansion area.  The fault trends 
northeast and dips to the southeast.  The sense of movement on the fault is reportedly normal with 
a down-to-the-southeast sense of displacement, and is confined to the Tertiary to Quaternary age 
Cache Formation.  The portion of the fault trace within the northeast corner of the expansion area is 
concealed by a Pleistocene to Holocene age landslide deposit.  Concealment of the fault trace by the 
landslide deposit indicates that the most recent fault movement predates the deposit.  The most 
recent age of faulting is therefore interpreted to be pre-Holocene based on stratigraphic relations.  
The fault trace could not be located in the field within any certainty during our field reconnaissance 
and evaluation of aerial imagery.  Northeast of the project site boundary the fault trace is cross-cut 
by two deeply incised southward flowing drainages with no preserved scarps being evident.  
Topography further to the northeast along the fault trace indicates the ground slopes to be opposite 
the sense of fault displacement indicating the landscape to be a product of erosion and not active 
faulting.  SHN therefore judges the potential for movement to recur in the future on this fault trace 
to have a very low probability.      
 

• Unnamed fault trace #3:  The fault trace projects through the boundaries of the currently permitted 
waste cell and is located within the eastern limits of the proposed southern expansion area.  The 
fault trends northwest and dips to the northeast.  Stratigraphic and structural relations indicates the 
fault to have a down-to-the-northeast normal sense of displacement and emplaces Tertiary to 
Quaternary age conglomerate of the Cache Formation over Cretaceous to Jurassic age sandstone of 
the Great Valley sequence.  The fault is partially exposed in the vicinity of borehole SB-102 in the 
east-facing cut-slope created during grading of the road accessing the borrow area.  Exposure of the 
fault zone is also observed in an east-facing cut slope in the vicinity of monitoring well MW-19 on 
the west side of the permitted waste cell.  Stratigraphic relations from borehole data collected from 
borings SB-102 and SB-101 indicate the basal contact of the Cache Formation with the Great Valley 
sequence to be offset down-to-the-northeast a minimum of 25 feet across the fault.  The seismic 
refraction conducted as part of this investigation imaged the fault displacement near the location of 
Station 500 where 20 to 30 feet of down-to-the-north displacement of the Great Valley sequence 
bedrock is evident. Topography along the fault trace indicates the ground slopes on a landscape-
scale to be opposite the sense of fault displacement.  We therefore interpret the current south-
facing landscape to be a product of stream incision and land surface erosion. The location and sense 
of displacement of fault trace #3 is not controlling the existing surface morphology.  SHN therefore 
judges the potential for movement to recur in the future on this fault trace to have a very low 
probability. 
 

• Unnamed fault trace #4:  This fault trace which is queried on the most recent geologic maps 
projects through the southernmost limits of the proposed southern expansion area.  The fault 
trends northwest and dips to the southwest.  The sense of movement on the fault is reportedly 
normal with a down-to-the-southwest sense of displacement, and is confined to the Cretaceous to 
Jurassic age Great Valley sequence.  Stratigraphic relations from borehole data collected from 
borings SB-103 and MW-35 indicate the basal contact of the sandstone unit with the underlying 
siltstone within the Great Valley sequence to be offset down-to-the-southwest a minimum of 90 
feet across the fault.  Alternatively, the apparent displacement between the two exploration 
locations may be a product of the southwest dipping bedding identified in SB-103 from the borehole 
televiewer.  Topography along the fault trace in the vicinity of MW-35 indicates the ground slopes to 
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be opposite the sense of fault displacement.  South of the mapped fault trace the ground surface is 
observed to slope to the north toward an unnamed drainage swale.  Field reconnaissance of the 
undeveloped areas to the west of the facility revealed no geomorphic evidence suggestive of active 
faulting such as youthful appearing fault scarps or deflected drainages.  SHN therefore judges the 
potential for movement to recur in the future on this queried fault trace to have a very low 
probability. 

 
2.1.2 Evaluation of Seismic Activity  
Historic seismicity data were reviewed to evaluate whether measurable seismic activity may have occurred 
within or near the Eastlake Landfill on the identified unnamed faults that project through the site.  This 
assessment was performed using a data base assembled by the Northern California Earthquake Data Center 
and accessed through the United States Geological Survey historic seismicity database. All recorded historic 
earthquakes with a magnitude greater than 2.5 were plotted in relation to the project site as depicted on 
Figure 5.  The results of this evaluation indicate that no historic seismic or microseismic activity has been 
recorded within the Eastlake Landfill boundaries.  Therefore, SHN judges the potential for Holocene active 
faults to be located within 200 feet of the proposed landfill expansion areas to be unlikely.             
 
3.0 Soil Rippability 
Data acquired from the borehole geophysical logging (Appendix 1) and seismic refraction survey (Appendix 
2) conducted by Norcal Geophysical Consultants were used to evaluate the depth, variability and rippability 
characteristics of the subsurface bedrock material and to assist in the landfill expansion design criteria.  A 
single seismic line with a length of 1,260 feet was acquired using five overlapping spreads.  Each spread was 
composed of 24 geophones and 5 shot points distributed in a collinear array.  The distribution of the 
geophones and shot points resulted in a total length of 300 feet for each spread.  The seismic line was 
located in the existing borrow area and access road encompassing boreholes SB-101 through SB-103 as 
shown on Plate 1 of Appendix 2.   
 
In general, bedrock at the site is characterized as moderately to intensely weathered with seismic velocities 
of 4,000 to 9,000 feet per second (ft/sec).  In the southern portion of the existing borrow area, bedrock 
materials ranging in velocity from 3,000 to 8,000 ft/sec occur to a depth of 45 feet below the existing ground 
surface corresponding to an elevation of about 1,580 feet.  The 8,000 ft/sec velocity contour ascends to the 
north to an elevation of about 1,610 feet.   
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