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This report, in five volumes, presents our opinions on the existing geologic and geotechnical 
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recommendations provided in this report are followed and implemented during the Grading 
Plan stage. 
 
Thank you for the opportunity to provide our services on this project. 
 
Respectfully submitted, 
 
 
Eric J. Seward, CEG 2110    Edward Castellanos, RCE 30279, RGE 191 

Certified Engineering Geologist    Principal Geotechnical Engineer 
 
 
Allan E. Seward, CEG 246 

Principal Engineering Geologist 
President 
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EXECUTIVE SUMMARY 

 
Vesting Tentative Tract 52584 consists of approximately 442 acres on the northern side of 
Hasley Canyon Road.  The specific topographic parameters are illustrated on the attached 
Location Map and the Tentative Tract Map.  The site is essentially in a natural state with the 
exception of past grading associated with an abandoned golf course, two residential 
structures and numerous active oil wells present on the site.  Native chaparral and low 
grasses exist on topography characterized by steep narrow ridges. 
 
The southern portion of the property includes the main channel and flood plain of Hasley 
Canyon drainage area. 
 
The proposed development is for residential with a golf course and associated facitilies. 
 
Bedrock on the site consists of the Saugus Formation (TQs) and Quaternary Terrace (Qt) 
deposits.  Eight landslides have been mapped on the site for which mitigation measures are 
presented in Table 1.  The active San Gabriel Fault is located 1.9 miles north of the subject 
site and the Holser Fault is located 0.6 miles south of the site.  An east-west trending zone of 
tectonic deformation traverses the southern portion of site VTT 52584.  This firm has 
delineated a Building Setback that encompasses the zone of tectonic deformation which is 
shown on the attached Geologic Maps  (Plates I, II and III). 
 
Grading recommendations for fill areas supporting residential lots, golf course structures, 
public and private streets, parking areas and parks will require alluvial removals that range 
between 6 and 12 feet.  All slopewash encountered within fill areas will be removed prior to 
the placement of fill.  Fill areas such as golf course playing areas (fairways, tee-off areas, 
putting greens, etc.) will require 1-3 feet removals and fill compaction of 85% of the 
maximum dry density per ASTM D-1557.  The fills for the golf course playing areas will be 
designated as non-structural.  The anticipated alluvial removal depths are designated on the 
Geologic/Geotechnical Removal Maps (Plates IV, V & VI). 
 
Based on recommended removal and recompacted depths, significant hydroconsolidation 
effects at the site due to water incursion are not expected. 
 
Detailed liquefaction and seismically-induced settlement analyses were performed for the site 
based upon a perched ground water level of minus 26 feet at Rotary Wash Boring RW-1.  

Allan E. Seward Engineering Geology, Inc.     Geology and Geotechnology 
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The results of the liquefaction assessment indicate that significant liquefaction is not 
expected at the site and the estimated earthquake-induced maximum differential settlement 
within the upper 23 ft. feet in a distance of 30 feet is no greater than 0.5 inches. Actual 
settlements that may occur at the surface are expected to be even less than the calculated 
settlements at greater depths because the upper soils are proposed to be removed and 
recompacted. 
 
Stability analyses were performed for this project.  Analyzed cut slopes and grades, natural 
slopes, compacted fill slopes, and temporary backcut slopes comply with Los Angeles 
County requirements for stability under static and pseudostatic loading conditions along with 
our recommendations for mitigation. 
 
We have identified 41 proposed cut-slopes (25± ft. or higher) on VTT 52584.  The slope 
geometry and anticipated geologic conditions and recommended mitigation, if necessary, for 
each slope are presented in the Cut-Slope Summary - Table 2.  It has been assumed for the 
purposes of stability analysis that clay-rich bedding planes may occur anywhere in the 
proposed cut-slopes.  All fill over cut-slopes must comply with County standards with 
required setbacks otherwise the slope must be a complete fill slope. 
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1.0  SCOPE OF INVESTIGATION 
 
This investigation included the following: 
 
1. Review of previous reports by this firm and the subject area and adjacent tracts, which 

are listed in the References. 
 
2. Review of the Published References listed in the References. 
 
3. Review of water well data on file with the Los Angeles County Flood Control District 

(LACFCD). 
 
4. Review of the 1992 Munger Map Book, California-Alaska Oil & Gas Field. 
 
5. Review of the Alquist-Priolo Map of the Val Verde Quadrangle. 
 
6. Review of the following aerial photographs: 
 

Year Photo Scale Agency 
1928 E-59, E-60 1”=2000’± Fairchild 
1968 4-4, 4-3 1”=1750’± Dept. of Agriculture 
1980 65, 66 1”=1500’± Americal Aerial Surveys 
1985 2-7 1”=600’± Don Reed Corp 

 
7. Review of the site topography and geologic mapping utilizing the Tentative Tract Map 

for VTT 52584 as a base.   Due to the large size of this base map, we have divided this 
map into three plates (Plates I, II and III) for ease of review.  The base map was 
provided by Land Design Consultants at a scale of 1”=100’ with a date of April, 1998. 
We make no representations regarding the accuracy of this base map. 

 
8. Geologic logging of 220 backhoe trenches (designated as T-1 through T-220) excavated 

to a maximum depth of approximately 17 feet.  Downhole geologic logging of 6 bucket-
auger (24” diameter) borings to a maximum depth of 118 feet.  (See Appendices for a 
listing). 

 

Allan E. Seward Engineering Geology, Inc.     Geology and Geotechnology 
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9. Geotechnical logging and sampling of one rotary wash boring and five hollow stem 
auger borings and one hand auger boring to a maximum depth of 65 feet. 

 
10. Review of 55 pit trenches and 18 geologically-logged exploratory bucket auger borings 

excavated and logged during the investigation for the Tentative Tract 44945 in AES 
Report dated October 30, 1987 (Ref. No. 1).  The locations of these trenches 
(designated as TP-1 thru TP-55) are shown on the Geologic/Geotechnical Maps.  All 
exploratory subsurface investigations were backfilled with the excavated materials at 
the completion of logging. 

 
11. Review of the 18 borings and 13 test pits excavated by Gordon Geotechnical 

Engineering which are shown on the attached Geologic Map (Borings were geologically 
logged by this firm in conjunction with Gordon Geotechnical Engineering). 
 

12. Coordination with the Supervising Civil Engineer, Land Design Consultants. 
 
13. Geotechnical laboratory testing on samples obtained for this investigation. 
 
14. Preparation of a detailed Seismicity study of the site. 
 
15. Geologic and Geotechnical Engineering analyses and preparation of Conclusions and 

Recommendations based on the existing site conditions and future use intended.  
Principal analyses included assessment of removal depths using boring data, detailed 
static and pseudostatic stability analyses of proposed and modified grades, including 
cut-slopes, natural slopes and temporary backcut slopes.  Based on the results, the need 
for tentative stabilization measures was explored.  Other major analyses consisted of 
state-of-the-art liquefaction assessment and evaluation of seismically induced 
settlements. 

 
16. Preparation of a Location Map, Geologic/Geotechnical Maps, Geologic Legend, 

Geologic and Geotechnical (slope stability) Cross Sections, Trench and Borings Logs, 
and this report. 

Allan E. Seward Engineering Geology, Inc.     Geology and Geotechnology 
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2.0  BACKGROUND 
 
Allan E. Seward Engineering Geology, Inc. and Jeffrey S. Gordon Geotechnical Engineering 
originally addressed the geologic and geotechnical concerns on Tentative Tract 44945, which 
was originally the western portion of TT 52585 in our report dated October 30, 1987. 
 
The map for tentative tract 44945 was revised June 11, 1992 and was addressed in our 
geologic report dated June 24, 1992 and was addressed within a geotechnical report by Solus 
Geotechnical dated August 21, 1992.  L.A. County issued a Geologic and Geotechnical 
review sheets dated September 30 and September 28, 1992 respectively.  These review sheets 
were addressed in AES Report dated December 3, 1992 and Solus Geotechnical Report dated 
March 11, 1993.  An additional report by Solus Geotechnical (September 29, 1993) 
addressed the above-noted review sheet. 
 
3.0  SITE DESCRIPTION 
 
Vesting Tentative Tract 52584 consists of approximately 442 acres North of the intersection 
of Del Valle Road and Hasley Canyon Road.  It is bordered by Tentative Tracts 44471 and 
44373 to the North, Tentative Tracts 44800 and 45084 to the east and Tentative Tract 20685 
to the south.  
 
The site topography generally consists of north to northeast trending moderate to steep 
ridgelines.  Elevations on the site range from approximately 1220 feet in the southern portion 
of the site to approximately 1640 feet in the north-central portion of the site.  Details of the 
site topography are provided on the Location Map and Tentative Map. 
 
Portions of the subject site have been modified by past grading activities for the abandoned 
golf course and associated clubhouse and as well as for the existing oil facilities.  Two 
residences exist on the subject site.  The attached Tentative Map reflects the topography of 
these graded conditions.  
 
Vegetation on the site consists of seasonal grasses scattered, chaparral and scattered trees. 

Allan E. Seward Engineering Geology, Inc.     Geology and Geotechnology 
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4.0  PROPOSED DEVELOPMENT 
 
It is our understanding that VTT 52584 will be a residential development and golf course. 
The general concept of development is shown on the attached Tentative Map (Plates I, II and 
III).  Plate III has a table of the lot breakdown for the site. 
 
5.0  GEOLOGY 
 

5.1   General 
 

Vesting Tentative Tract 52584 is located in the Transverse Ranges geologic province of 
southern California in the Easternmost portion of the Ventura Basin.  The active San 
Gabriel Fault is located approximately 1.9 miles north of the subject site and separates 
the Soledad Basin from the Ventura Basin.  Both the Ventura and Soledad Basins have 
been tectonically downwarped in the geologic past to produce a large-scale synclinal 
structure, which has developed a thick accumulation of Cenozoic, continentally derived, 
sediments. 

 
5.2   Bedrock 

 
5.2.1   Saugus Formation (TQs) 

 
Bedrock present beneath Tentative Tract 52584 consists of Plio-Pleistocene, non-
marine sediments of the Saugus Formation.  These sediments include light-gray to 
pale reddish-brown and pale yellowish-brown siltstone, massive sandstone, pebble 
and conglomerate and reddish-brown to dark-gray mudstone.  Siltstone and mudstone 
units of the Saugus Formation are potentially very expansive. 
 
5.2.2   Terrace Deposits (Qt) 

 
Incised alluvial terrace deposits are present in many of the on-site canyons (see 
Geologic Maps).  These deposits generally occur low on the canyon margins and 
typically consist of light to reddish-brown to yellowish-brown slightly silty pebbly 
sandstone and conglomerate.  The terrace deposits are generally poorly bedded and 
locally contain root tube voids near the ground surface in the weathered zone.  Large 
boulders up to 3 ft. in diameter are present in some of the terrace deposits.  

Allan E. Seward Engineering Geology, Inc.     Geology and Geotechnology 
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5.3   Surficial Deposits 

 
5.3.1   Quaternary Alluvium (Qal) 

 
Quaternary alluvium is present along the margin of Hasley Canyon Creek and in the 
lower tributary canyon areas of VTT 52584, as illustrated on the Geologic Maps. 
Based upon boring data, the alluvium typically consists of interbeds of sands and silty 
sands with occasional gravels and occasional silts at depth.  Due to grading associated 
with the abandoned Golf Course and existing oil wells and the associated facilities, 
areas of minor artificial fill are present in and around the Quaternary alluvium. 

 
5.3.2   Slopewash (Qsw) 

 
Slopewash is a non-bedded, heterogeneous accumulation of soil and weathered 
bedrock deposited by gravity on all but the steepest slopes.  The maximum thickness 
of soil and slopewash encountered in our exploratory excavations on VTT 52584 was 
approximately 17 feet within boring B-18 located within the proposed Golf Course.  
Slopewash has been noted on our geologic logs but has not been differentiated on the 
Geologic Maps.   

 
5.3.3   Surficial Soils 

 
Ungraded areas of VTT 52584 are mantled by surface soils consisting of moderate- to 
yellowish-brown and yellowish-gray silty sand with scattered pebbles.  This unit is 
noted on our Geologic Logs, but is not shown on the Geologic and Geotechnical 
Maps.  Soil developed in the alluvial flats has been disturbed by grading activities. 

 
5.4   Mass Movement Deposits 

 
5.4.1   Landslides (Qls) 

 
Eight landslides have been mapped on VTT 52584.  The landslides involve bedrock 
of the Saugus Formation and terrace deposits, and most failed along clay-rich beds 
toward a daylighted slope.  Recommended mitigation measures for each landslide are 
discussed in the Landslide Summary Table (Table 1). 

Allan E. Seward Engineering Geology, Inc.     Geology and Geotechnology 
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5.4.2   Surficial Failures (Qsf) 

 
Shallow failures and debris flows involving the surficial soils, slopewash and 
weathered bedrock have been mapped as surficial failures on VTT 52584.  Mitigation 
measures for surficial failures which will adversely impact the proposed development 
are discussed in the Engineering Geology portion of this report. 

 
5.5   Existing Fill 

 
5.5.1   Artificial Fill (af) 

 
Non-certified artificial fill was placed on the subject site during construction of The 
Abandoned Golf Course, access roads and drill pads for the existing active oil wells 
and associated facilities.  Significant areas of artificial fill are illustrated on the 
Geologic Map.  It is our recommendation that all artificial fill deposits be completely 
removed and replaced and recompacted, as necessary, prior to the placement of 
engineered fill. 

 
6.0  ENGINEERING GEOLOGY 
 

6.1   Proposed Grading 
 

The proposed grading concept for VTT 525584 is illustrated on the attached Tentative 
Map (Plates I, II and III).  Proposed grading will consist of the removal of selected 
ridgeline areas and filling of canyon areas to produce a series of pad areas, which 
generally rise in grade toward the north.  Cut and fill slopes are proposed on VTT 52584 
between pad areas and adjacent to natural areas.  The maximum proposed cut-slope (CS-
15) height is approximately 150 feet and the maximum proposed fill-slope height is 
approximately 180 feet.  The maximum proposed cut from existing grade is 
approximately 105 feet and occurs on Plate II in the vicinity of Lot 211. The maximum 
proposed fill (thickness) over existing grade is approximately 135 feet and occurs on 
Plate II in the vicinity of Lot 10. 

Allan E. Seward Engineering Geology, Inc.     Geology and Geotechnology 
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6.1.1   Exploratory Trench and Boring Backfill 
 
The location and dimensions of the exploratory trenches and borings should be noted 
relative to future Rough Grading and/or Building Plans.  If future Lots and/or 
foundations traverse the existing trenches or borings they should be evaluated for 
mitigation measures relative to potential settlement. The backfill in the trenches 
and/or borings may have to be removed by future grading operations.  

 
6.2   Geologic Structure 

 
Bedrock beneath VTT 52584 has been deformed by past tectonic forces to produce 
generally east-west trending structures.  The site is traversed by two roughly east-west 
trending folds (anticline and syncline) that gently plunge to the west. 
 
The anticline traverses the southern portion of the site and the syncline traverses the mid 
to northern portion or the site.  The potentially active Holser Fault is approximately 0.6 
miles from the site. The active San Gabriel Fault is located approximately 1.9 miles from 
the site.  Both are discussed in detail in the Seismicity Section of this report.  Bedding 
within the Saugus Formation varies from massive and indistinct to poorly bedded to well 
developed planes.  Local variance in bedding orientations is common and is due to cross 
bedding and/or channelized (erosional) contacts.  We have based our interpretation of the 
bedding planes (shown on the Geologic/Geotechnical Cross Sections) generally on 
averages with more importance given to the attitudes measured on the sharp contacts 
found within the finer grained units.  Many years of experience in the Saugus Formation 
has revealed that the attitudes measured in the coarser grained units typically show 
steeper dips than the regional “true dip” of the overall structure. 
 
6.3   Landslides 

 
6.3.1   General 
 
Eight landslides (Qls-1 through Qls-8) have been mapped within the limits of VTT 
52584 and are shown on the Geologic/Geotechnical Maps.  The mitigation’s for each 
landslide are discussed in the Landslide Summary (Table 1).  All landslide removals 
should be completed under continuous observations by the Project Geologist. 

 

Allan E. Seward Engineering Geology, Inc.     Geology and Geotechnology 
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6.4   Surficial Failures 
 

Surficial failures identified on VTT 52584 are shown on the attached Geologic and 
Geotechnical Maps.  It is our recommendation that any of the surficial failure material 
which remains below proposed grade be removed prior to the placement of certified fill. 

 
6.5   Terrace Deposits 

 
Terrace deposits mapped on VTT 52584 locally contain root hole voids in the upper 
weathered zones.  It is our recommendation that these weathered zones be removed prior 
to the placement of certified fill.  The large boulders (oversize material) in the terrace 
deposits will need to be exported from the site or special handling (via Windrows) will be 
needed to mitigate the oversized material. 

 
6.6   Natural Slopes 

 
The natural slopes on VTT 52584 have gradients ranging from 5:1 to 1.7:1 (h:v).  All 
natural slopes that are relatively steep and have accumulations of soil and slopewash are 
prone to debris flow hazard.  Due to the proposed grading concept along with desilting 
basins and large debris ditches, all of the potential for debris flow hazards have been 
eliminated (see discussion under Potential Debris Flow Hazard below).  We constructed 
Geologic Cross Sections where natural slopes exhibited daylighted bedding conditions 
above or below proposed building pads in order to analyze their stability.   
 
The natural slope located on Plate I east of proposed Cut-Slopes CS-14 and CS-15 is a 
roughly east-facing 1.7:1 slope.   Landslide Qls-I is located within this natural slope.  
Based on stability calculations for this slope, Landslide Qls-1 is recommended for 
complete removal.  The upper portion of the landslide removal bottom is proposed to be 
cut at the apparent angle of the bedding (11°) starting at approximate elevation 1605 and 
daylighting towards the west with proposed Cut-Slope CS-15.  For details see the 
Landslide Summary - Table 1 as well as Cross Section 17-17’ illustrating the design 
mitigation located within the mitigation summary in Appendix G. The remaining portion 
of this 1.7:1 natural slope surficially has a safety factor of 1.6 based on Geotechnical 
analysis. 
 
The natural slope located on Plate I due south of Lots 99 through 101 has bedding planes 
dipping into the natural slope-face and is grossly stable. 
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The natural slope located on Plate II due south of Lots 107 through 103 has been 
analyzed and determined grossly unstable.  Cross Sections 14-14’, 15-15’ and 26-26’ 
illustrate the three-dimensional geometry of the bedrock beneath this natural slope.  It is 
recommended that this natural slope be redesigned as illustrated on the above-noted cross 
sections located within the mitigation summary (Appendix G).  An alternative mitigation 
would be to construct a very large buttress slope, which is also illustrated on the above-
noted cross sections within the mitigation summary section (Appendix G).  This is very 
large and surely very costly buttress was analyzed since the Civil Engineer expressed the 
advantage of saving pad area and indicated that high buttress costs may be comparable 
with the value of potential loss of pad area. 
 
The natural slope lot located on Plate II due west of Lots 110 and 111 has bedding planes 
oriented neutral to dipping into the proposed slope face.  This natural slope is grossly 
stable. 
 
The natural slope located on Plate II due south of proposed Cut-Slope CS-3 has bedding 
planes that dip steeper to parallel to the proposed natural slope face as illustrated on 
Geologic Cross Section 3-3’.  This natural slope is grossly stable. 
 
The natural slope located on Plate II, south of Lots 118 and 119 has bedding planes 
oriented neutral to the proposed natural slopeface.  This natural slope is grossly stable. 
 
The natural slope located on Plate II north of Lots 69 through 71 exposes a small 
landslide (Qls-8).  Bedding within this natural slope dips steeper than the proposed 
natural slope face. This natural slope is geologically grossly stable.  Probable Landslide 
Qls-8 does not pose a hazard to the residential lots and is safe for the use intended. 
 
The natural slope located on Plate II west of Lot 67 has bedding planes that are oriented 
neutral to the proposed natural slope face.  This natural slope is grossly stable. 
 
The natural slope located on Plate II east of Lot 133 has bedding planes that dip steeper 
than the proposed natural slope face.  This natural slope is grossly stable. 
 
The natural slope located on Plate II west of Lot 148 through Lot 151 has bedding planes 
that are oriented neutral to the proposed natural slope face.  This natural slope is grossly 
stable. 
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6.7   Potential Debris Flow Hazard 
 
As stated earlier the potential for debris flow hazard has been entirely mitigated via the 
proposed grading concept. 
 
A more detailed analysis of this potential hazard will be undertaken at the Grading Plan 
stage for VTT 52584.  Should mitigation prove necessary, the following measures are 
available to reduce the potential debris flow hazard.  Alternative debris control devises 
are also shown on Figure C11 within Appendix C. 
  
1. Remove loose surficial material 
2. Construct diverter slough walls 
3. Construct impact walls 
4. Construct debris basins 
5. Control run-off 
6. Plant selective deep-rooted vegetation. 
 
6.8   Existing Fills 

 
As recommended in Section 5.5.1, uncompacted artificial fill on VTT 52584 should be 
removed prior to the placement of engineered fill.   

 
6.9   Ground Water 
 
Ground water was encountered in our subsurface investigation for the subject site within 
RW-1 at a depth of 26 feet only.  Our review of ground water obtained from wells in the 
immediate area indicates historic ground water highs approximately 40 to 50 feet below 
the existing ground surface in Hasley Canyon drainage (See Figure C12 and Table III 
within Appendix C).  It should be noted that water table fluctuates up and down in 
response to natural recharge and pumping requirements.  Both of these factors are altered 
in response to the urbanization of the area.   
 
In our liquefaction analysis we have assumed a ground water depth of minus 26 ft., which 
is a conservative assumption since this is a perched groundwater condition.   
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6.10   Rippability 

 
The granular and slightly to moderately consolidated nature of alluvial deposits and the 
bedrock indicates that grading operations can be performed with conventional equipment.  
Heavy single shank ripping may be required within the more indurated portions of the 
Saugus Formation. 

 
6.11   Sewage Disposal 

 
It is our understanding that sewage disposal will be by sewers. 

 
6.12   Building Setbacks 
 
A Building Setback has been designated on the Tentative Map based upon our detailed 
fault investigation.  For details see the Seismicity section of this report.  The standard 
setbacks from ascending and descending slopes provided in Section 1806.4 of the 1996 
L.A. County Uniform Building Code should be followed, unless superseded by specific 
geologic and/or soils engineering evaluations. 
 
6.13   Erosion Potential 

 
The existing provisions in the Grading Ordinance for planting and irrigation of 
constructed slopes in conjunction with drainage recommendations provided in the section 
“Surface Drainage Control”, will be sufficient mitigation against potential erosion within 
the subject site. 

 
6.14   Oil/Gas Wells 

 
Review of the 1992 Munger Map Book indicates that the following ten oil/gas wells have 
been drilled in VTT 52584.  These wells are currently active. 
 
Petromineral Sadd 4 
Petromineral Sadd 5 
Petromineral Sadd 6 
Petromineral Sadd 7 
Petromineral Sadd 8 
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Petromineral Sadd 9 
Petromineral Burns Crist 8 
Petromineral Burns Crist 9 
Petromineral Burns Crist 10 
Petromineral Burns Crist 12 
 
The locations of the oil wells are shown on the attached Geologic/Geotechnical Maps.  

 
The specific status of each oil well on the subject site relative to the Division of Oil, Gas 
and Geothermal Resources (D.O.G.G.R) requirements and/or abandonment procedures 
will be covered at the Grading Plan stage. 

 
It should be noted that it is general D.O.G.G.R. policy that the space above an oil or 
gas well not be built on (See Figure C13) to allow access in case of future leaks.  If any 
leaking or undocumented oil wells are encountered during grading operations, their 
locations should be surveyed and the current well conditions evaluated immediately. 

 
6.15   Hazardous Materials 
 
Soils in the vicinity of oil wells could be contaminated with petroleum products spilled 
during operations of the wells.  Wells may have associated mud pits, which could also 
contain materials considered to be hazardous under current environmental regulations. 
 
6.16   Restricted Use Areas 

 
Landslide Qls-8 is located entirely within the golf course area and will delineated on 
the Final Map as a Restricted Use Area.  The recommended Building Setback Zone 
for the tectonic deformation zone will also be designated on the Final Map as a 
Restricted Use Area. 

 
7.0  SEISMICITY  
 

7.1   Introduction 
 
The subject property is within the Transverse Ranges Geomorphic Province of Southern 
California.  The Transverse Ranges consist of a series of west-trending mountains and 
intervening valleys, which is contrary to the northwest geomorphic trend that is typical of 
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most of California and reflects the underlying structural (geologic) trend.  These ranges 
are largely the result of north-south compression which has resulted in east-west-trending 
folds and thrust faults.  Associated faults in the vicinity of the site include the Santa 
Susana, San Fernando, Del Valle and Holser reverse/thrust faults.  The January 17, 1994 
Northridge (M6.8) Earthquake occurred on a south-dipping thrust fault which uplifted the 
Santa Susana Mountains at least 40 cm. 

 
The Southern California region is traversed by the San Andreas Fault, which is a 
transform boundary between the Pacific Plate and the North American Plate.  The San 
Andreas Fault is part of the San Andreas system of northwest-striking, right-lateral faults.  
The faults of this system are generally historically active, as evidenced by the June 28, 
1992 Landers (M7.6) Earthquake (See Fault and Earthquake Epicenter Location 
Map, Figure E-1 in Appendix E). 

 
The Southern California region is seismically active and commonly experiences strong 
ground shaking resulting from earthquakes along active faults.  Earthquakes along these 
faults are part of a continuous, naturally occurring process which has contributed to the 
characteristic landscape of the region. 
 
Three common types of geologic hazards may be produced during a seismic event 
(earthquake).  These include: 
 

1.  Ground Rupture; 
2.  Ground Motion; and 
3.  Ground Failure 

 
7.2   Ground Rupture 
 
Review of the published geologic maps referenced in the Appendix and the L.A. County 
Safety Element indicates that no active or potentially active faults have previously been 
recognized on the subject site. 
 
It was determined that the bedrock of the Saugus Formation has been deformed on the 
subject site.  Approximately 5,924.5 lineal feet of fault trenches was subsequently 
excavated and geologically logged to determine the nature and lateral extent of this 
“Zone of Deformation”.  For details on this fault investigation, see Section 1.1 of 
Appendix E for discussion. 
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7.3   Ground Motion 
 
Potential ground motions from future earthquakes on nearby faults have been evaluated 
utilizing the procedures outlined in the California Department of Conservation, Division 
of Mines and Geology Guidelines described in Special Publication 117.  Section 1.2 of 
Appendix E summarizes our ground motion evaluation, which utilized fault parameters 
from Peterson, et al. (1996) and computer programs by Thomas F. Blake.  A peak 
horizontal ground acceleration of 0.54 g from a potential maximum magnitude 7.0 
earthquake on the San Gabriel Fault was utilized in our liquefaction analysis based on our 
deterministic evaluation. 
 
7.4   Ground Failure 
 
Potential secondary seismic hazards to VTT 52584 are described in Section 1.3 of 
Appendix E.  The potential for liquefaction and seismic settlement are evaluated in  
detail in Appendix D.  The potential for adverse impacts to the proposed development 
from liquefaction and other secondary seismic effects is considered low to non-existent 
provided that our recommendations are incorporated into the Grading Plan and 
implemented during construction. 
 

8.0  FIELD EXPLORATION AND LABORATORY TEST RESULTS 
 
For this report we performed geologic mapping, and geologic logging of backhoe trenches, 
bucket auger borings and dozer cuts.  We also reviewed geologic data from our pit trenches, 
bucket auger borings and dozer cuts performed for Tentative Tract 44945 project.  More 
information on all the above is listed in the “Scope of Investigation” of this report. Additional 
field explorations consisted of one rotary wash (RW-1) boring drilled to a depth of 50 feet, 
and five (5) hollow-stem auger borings drilled to depths between 8 and 45 feet.  The 
approximate locations of borings, trenches and dozer cuts are shown on the 
Geologic/Geotechnical Maps.  California-Drive relatively undisturbed ring samples and 
Standard Penetration Test Samples (SPT) were obtained from borings at various depths. The 
borings were backfilled with drilling cuttings.  The logs of the trenches, rotary-wash and 
other borings are presented in Appendix A.  
 
In addition, bulk samples of near-surface soils were obtained from the test pits for routine 
laboratory testing.  Descriptions in boring logs were refined using geotechnical laboratory 
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test results.  The results of the field investigation and the laboratory test data were used as the 
basis of analyses and recommendations presented in this report. 
 
The laboratory soil testing was limited to providing supplemental data for our analyses for 
this report and was principally planned for identification and classification of the existing 
subsurface soils and determination of their engineering characteristics.  In-Situ dry density; 
gradation, percent passing the No. 200 sieve, and Atterberg Limits; Laboratory Compaction; 
Expansion Index; pH, sulfates and chlorides contents and resistivity; direct shear; and 
consolidation tests were conducted.  Direct shear tests were principally conducted for 
determination of strength values for bedding and slide planes and other materials for our 
stability analyses 
 
The laboratory test results are presented in Appendix B. 
 
9.0  GEOTECHNICAL SUBSURFACE CONDITIONS AND SOIL PROPERTIES 
 
General description of geologic units (i.e., TQs, Qt, Qal, and sw), topsoil, landslides, 
artificial fill is presented in the Geology and Engineering Geology sections of this report. 
 
The subsurface soils (alluvium) encountered in the hollow-stem auger borings, and the rotary 
wash boring, generally consist of interlayers of sands and silty sands with occasional gravels, 
and occasional silts at depth.  Based on these borings, subsurface soils are typically weak 
within the top 4 feet, except at the location of HS-4 where a lense of loose to medium dense 
silty sand was encountered at the 10 feet depth.   
 
Based on preliminary testing, some of the bedrock materials are moderately to highly 
expansive.  Soil electrical resistivity values of typical soils at the site suggest that the 
potential for corrosion of ferrous materials in contact with on site soils is relatively low to 
high.  Data of pH show neutral values.  Based on sulfate test results, concrete exposure to 
sulfates in these soils classifies as negligible (1997 UBC ratings).  Additional testing will be 
required at the Grading Plan stage. 
 
Laboratory compaction test data show a range of results typical of soils encountered at the 
site. 
 
Ground water is discussed later in this report. 
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10.0  GEOTECHNICAL DISCUSSION, CONCLUSIONS & RECOMMENDATIONS 
 
The proposed development is feasible for construction from the geological and geotechnical 
viewpoints, provided our recommendations contained in this report are followed.  General 
discussions and recommendations are presented below. 
 

10.1   Liquefaction Potential and Associated Seismic Settlements  
 
The potential for liquefaction and lateral spreading of alluvial materials on VTT 52584 
has been evaluated based on Rotary wash boring log data from our subsurface 
explorations, review of historic high ground water levels and potential peak horizontal 
ground acceleration corresponding to the maximum credible earthquake at the site.  The 
location of Rotary Wash boring RW-1 was selected based on observations from 
numerous subsurface explorations on the site as indicated in the Geologic/Geotechnical 
Legend, Plate VIII.  The potential for seismic settlement (dynamic densification) during 
future seismic events has also been evaluated.  The analyses are presented in Appendix 
D. 
 
The results of the liquefaction assessment indicate that significant liquefaction is not 
expected at this site.  A conservative estimate of the potential seismically-induced 
maximum differential settlement within a distance of 30 feet is no greater than 0.5 inches 
(see Appendix D). 
 
Actual settlements that may occur at the surface are expected to be even less than the 
calculated settlements at greater depths because at least 4 feet of upper soils are proposed 
to be removed and recompacted in the area analyzed. 

 
10.2   Surface Water 
 
Despite the character of some soils of the project site, there is relatively little erosion on 
the hillsides, presumably due to the generally grassy ground cover and, at least, a 
moderately high infiltration capacity.  Actual gullying is limited to the areas of slopewash 
and alluvium that exist in the wider canyons on the site. 
 
Overland flow of precipitation runoff appears largely as the sheet flow type, with very 
little rill erosion occurring.  These flows either move directly onto the flood plain of 
Hasley Canyon Creek or find their way to existing drainage courses which then flow into 
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the same.  It can be inferred that much of the flow reaching the flood plain in the other 
water courses is infiltrated into the alluvial deposits rather than continuing overland into 
the Hasley Canyon Drainage Channel. 
 
10.3   Removals 
 
Removals for VTT 52584 have been separated into two distinct types depending on their 
proposed use.  Removals for the support of structures and removals for the golf course 
playing areas have been delineated on the Geologic/Geotechnical Removal Map - Plates 
IV, V and VI. 
 

10.3.1   Removals for the Support of Structures 
 

Removals for the support of structures include all fill areas supporting all proposed 
residential lots, streets, parks, parking lots, golf course facilities such as maintenance 
structures, clubhouse and proposed access roads within the golf course area.  Based 
on field observations, dry density and low moisture content during field investigation, 
the maximum depth of removal of alluvium required will range from 6 to 12 feet.  
These areas have been delineated on the Geologic/Geotechnical Removal Maps.  In 
areas where the toe of a proposed fill slope supporting structures is located within the 
golf course area, removal limits were determined by projecting a 2:1 plane from the 
toe of the fill slope to the anticipated removal elevation within the natural material.  
We have included Cross Sections 20-20’ through 24-24’ within the mitigation 
summary (Appendix G) to illustrate anticipated removal limits for proposed fill 
slopes supporting structures. 
 
Lateral margins of the valleys include constant accumulation of soil, slopewash and 
weathered bedrock that are slowly deposited by downslope creep.  These deposits are 
loose, unconsolidated and contain large open voids.  Therefore, the interfingering 
alluvial/slopewash removals at the canyon margins are generally much deeper than 
the alluvial removals in the center of these wide valleys (see Schematic 
Alluvial/Slopewash Detail - Figure C14).  
 
In proposed graded areas in the smaller canyons and on the slope flanks 
recommended removals are to firm bedrock (TQs or Qt).  These recommendations 
include the complete removal of all artificial fill, surficial soils, slopewash, loose 
alluvium and weathered bedrock (TQs and Qt).  See Landslide Summary Table 1 for 
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landslide removal recommendations.  Recommended removal depths in these 
narrower canyons and swales typically range from 6 to 12 feet, but may extend 
deeper. These depths are based upon the numerous backhoe pits and applicable 
borings shown on the Geologic/Geotechnical Maps.  Isolated “pockets” of deeper 
removals (greater than 12 feet) may be necessary in the side hill re-entrants. 
 
10.3.2   Golf Course Playing Area Removals 
 
Within the golf course itself the fills proposed are not intended for structures.  
Therefore, the removals for the golf course playing areas are anticipated to be 
minimal (1-3 feet).  These removal areas are indicated on the Geologic/Geotechnical 
Removal Map - Plates IV, V & VI.  In areas where significant thickness of existing 
artificial fill is present, it is recommended that the existing artificial fills be removed 
to the natural ground surface and replaced with new processed fills. 

 
10.4   3-Foot Thick Cap Fill on Cut Lots 
 
We recommend that a minimum 3-foot-thick cap fill be placed on level cut lots within the 
Saugus Formation.  The cap fill should be compacted to the same requirements as the 
engineered fill.  We envision that borrow sources would be from nearby areas of required 
excavation.  The purpose of the cap fill is to serve as a relatively impermeable blanket 
course for impeding seepage of surface runoff into exposed, adversely dipping beds of 
Saugus Formation. 
 
Areas and conditions requiring capping should be identified by the geotechnical engineer 
or the engineering geologist during construction, and the capping recommendation 
revised as warranted. 

 
10.5   Slope Stability of Proposed and Modified Grades 
 
Stability analyses were performed on several cross sections of the currently proposed 
development grades for this project, including natural slopes, fill slopes, cut slopes and 
temporary backcut slopes, and some modifications of existing conditions for stability 
reasons.  Based upon the results from the analyses, the need for tentative stabilization 
measures was explored and dimensional design of these measures was performed, as 
needed, in a step-by-step fashion utilizing slope stability analyses.  The analyzed cross 
sections reflect critical conditions for stability (i.e. steeper adverse potential bedding 
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plane(s), significant slope height and inclination).  The analyses are presented in 
Appendix F, which includes a summary table of the results. 
 
Based upon geologic data, we modeled multiple potential bedding planes in the critical 
cross sections analyzed; representative shear strength parameters for the bedding planes 
were used.  
 
After appropriate modifications from initially proposed geometries, analyzed cut-slopes 
and grades, natural slopes, compacted fill slopes, and temporary backcut slopes comply 
with Los Angeles County requirements for stability under static and pseudostatic loading 
conditions, as applicable. 
 
10.6   Site Preparation 
 
The purpose of site preparation is to clear the site of organic (vegetation) and unsuitable 
topsoil and to grade and slope the site to provide a firm base for compacted fill.  All 
rubble and organics should be removed from the site.  
 
10.7   Earthwork and Grading 
 
The proposed vesting Tentative Tract Map requires that portion of ridges be cut and the 
valleys filled to develop the future building pads and roadways.  All finished pad surfaces 
should be sloped to drain, with all depressions or ruts created during grading operations 
properly backfilled to eliminate ponding.  General earthwork and grading operations 
should adhere to the following recommendations. 
 

10.7.1   Fill Materials 
 
Excavated material to be used for the construction of site fills should not contain 
organic matter, should have no rock or similar irreducible material with a maximum 
dimension greater than eight (8) inches, and should be approved by the Geotechnical 
Engineer before use.  It will be permissible to selectively place large rock fragments 
over eight (8) inches in size within the fill.  A description of such selective placement 
is  shown on Figure C1.  Imported material, if required, should be nonexpansive and 
predominantly granular and should be approved by the Geotechnical Engineer before 
use.  Alluvial material may be used in earth fill operations provided that the material 
is relatively free of organic matter. 
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Any oversize boulders, if encountered, may be incorporated into the fill as rock fill in 
windrows after being reduced to the specified maximum rock fill size (See Figure 
C1). 
 
10.7.2   Compaction 
 
Depressions or ruts created in the process of grading operations should be properly 
backfilled with suitable fill compacted to not less than 90 percent relative 
compaction.  Where native soil remains, the upper 6 inches of the native soil subgrade 
exposed during stripping or excavation should be scarified, moisture-conditioned, and 
properly compacted to at least 90 percent relative compaction prior to fill placement.  
All fill material should be placed in uniform lifts not exceeding 8 inches in its loose 
state and compacted to a minimum of 90 percent relative compaction as determined 
based on the latest ASTM Test Designation D-1557.  Additional field compaction 
requirements are presented in Appendix C, “Recommended Earthwork 
Specifications”. 

 
10.7.3   Benching and Keying 
 
In areas to receive compacted fill, where the surface gradient is steeper than 5:1 
(horizontal:vertical), the soil mantle should be removed and such areas benched 
horizontally into competent material prior to or in conjunction with fill placement.  
This would also apply to all backfill placed on landslide excavations slopes.  Keys 
will be required at the toes of embankments and observations should be provided by 
the Engineering Geologist or Geotechnical Engineer to determine where these keys 
are needed.  All keys should be constructed to a minimum of 15 feet in width and 2 
feet in depth below subgrade after topsoil removal.  Key requirements are depicted in 
Figure C7, “Fill Slope Over Natural Slope”. 

 
10.7.4   Material Selection 
 
Economic and engineering benefits may be derived from the selective use of the site 
materials.  It is therefore considered to be desirable to perform the required grading in 
the following manner: 
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a. Material obtained from excavations in harder bedrock will probably be more 
granular and should be placed in the lower portions of fills to minimize 
settlements and to improve subsurface drainage.  These materials, however, 
will not substitute for drain blankets and/or subdrains otherwise required. 

 
b. Where practical, material that is principally clayey should be placed on the 

outer portions of fill slopes to minimize erosion and to provide a suitable base 
to support plant growth.  These clayey blankets should not impede the 
drainage path of seepage water through the fill. 

 
c. No adversely inclined layering of clay soils should be allowed in embankment 

fills or within sidehill fills over natural ground where ground slope is steeper 
than 5:1 (horizontal:vertical). 

 
d. Use of material consisting of oversized rock fragments in fills throughout the 

site should be avoided within the expected depth-of-trenching for utilities in 
street areas and generally in the upper 10 feet, as a minimum. 

 
e. Materials suspected of being potentially highly expansive should be placed in 

the lower portions of areal fills to minimize potential adverse effects on 
structures placed on the fills. 

 
10.7.5   Shrinkage and Bulking Factors 
 
Based upon over 20 years grading experience within the immediate area, the 
following bulking and shrinkage values are presented. 
 

Bedrock (Saugus Formation)    Bulking 3 to 5% 
Alluvial Sediments     Shrinkage 15 to 18% 

 
10.8   Proposed Cut Slopes and Fill Slopes 
 
Cut-slopes and fill slopes at the site will be sloped at a 2:1 (h:v) inclination or flatter.  
Sandy materials will be susceptible to erosion; therefore, cut and fill slopes should be 
sodded or planted, if practicable, as soon as the grading work is completed in order to 
minimize erosion. 
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Benches or terraces at least eight (8) feet in width should be established at vertical 
intervals of not more than twenty-five (25) feet on all cut or fill slopes to control surface 
drainage and collect debris.  Where only one (1) bench is required, it should be at mid-
height.  For cut or fill slopes greater than 100 feet the terrace near mid height shall not be 
less than 20 feet in width. 
 
Swales or ditches on all terraces should have a minimum gradient of five (5) percent and 
should be paved with gunite, or approved equal.  They should have a minimum depth at 
the deepest point of twelve (12) inches and a minimum paved width of eight (8) feet. 
 

10.8.1   Proposed Cut-Slopes 
 

We have identified 41 proposed cut-slopes (25± ft. or higher) on VTT 52584 and 
designated them as CS-1 through CS-41.  The slope geometry, anticipated 
geologic conditions, and recommended mitigation, if necessary, for each slope are 
presented in the Cut-Slope Summary - Table 2.  It has been assumed for the 
purposes of stability analysis that clay-rich bedding planes may occur 
anywhere in the proposed cut-slopes.  If any of the smaller proposed cut-slopes 
(less than 25± ft. in height) have adverse geologic or grading configurations (fill 
over cut) they can be mitigated if necessary with a standard 15 ft. wide key and 
benching similar to a stability fill.  A typical “fill above cut slope” detail is shown 
on Figure C9.   

 
All permanent cut-slopes in both alluvium and bedrock should be constructed at a 
slope ratio not steeper than 2:1 (horizontal to vertical).  Temporary cuts in 
competent rock may be constructed as steep as 1 ½:1.  Temporary construction 
cuts and trench slopes are discussed in the following section, “Temporary 
Trenches”.  Potentially unstable subsurface conditions exposed during 
construction, such as adverse bedding, joint planes, zones of weakness or exposed 
seepage, may require either flatter slopes than specified above or construction of 
benches or, as indicated above, Stability Fills. We recommend that an 
Engineering Geologist observe all cut slopes during grading and provide 
recommendations for necessary modifications. 
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A stability fill should be constructed for the face of cut-slopes exposing landslide 
debris so surficial stability is attained.  Infinite slope analyses should be 
performed at the time of grading. 

 
10.8.2   Temporary Trenches 
 
It is our opinion that the walls of temporary (construction) trenches for subdrains will 
stand vertical provided the trench depth does not exceed five feet and heavy 
equipment is not allowed within five feet of the edge of the trench.  It is not advisable 
to excavate vertical trench walls to depths greater than four feet where trench 
alignments are in sloping terrain.  Shoring of trench walls or flattening of slopes to a 
1.5:1 (h:v) slope or flatter will be required if deeper trenches are necessary or if the 
presence of gravel pockets, loose sands, weak material or adverse dipping beds 
indicate a potential for localized raveling or instability.  All work associated with 
trench shoring must conform to the State of California, Division of Industrial Safety 
Code (Cal Osha). 
 
Temporary construction cuts, such as stabilization keyway excavations may be 
constructed at slopes steeper than 1½:1.  Actual geologic and ground water conditions 
identified for the Grading Plan stage of the project and also the expected duration of 
the open face will govern the recommended slope for stability of the cut-slope.   
 
10.8.3   Fill Slopes  
 
Fill slopes should be constructed at a slope ratio not steeper than 2:1 
(horizontal:vertical).  To minimize the probability of slumping and/or erosion of fill 
slopes, the faces of such slopes should be properly treated.  Proper compaction of the 
face should be accomplished by constructing the fill at least 6 feet (horizontally) 
beyond the planned final face plane, and compacting to not less than 90 percent 
relative compaction throughout.  The slope face should then be trimmed back to the 
final face plane.  This operation should expose properly compacted material on the 
finished face of the slope. 
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In areas where a fill slope will be constructed immediately above a cut slope, the cut 
slope should be constructed prior to placement of fill.  A setback of at least 6 feet 
should be provided between the top of the cut and the toe of the fill.  Details of 
typical fill over cut slope conditions are shown on Figure C9, “Typical Fill Above 
Cut Slope”. 
 
In areas where fill slopes will be constructed above natural ground, all topsoil and 
slopewash should be removed and the fill keyed into firm earth a minimum of two (2) 
feet, measured at the toe of the fill slope, and then benched as shown on Figure C7, 
“Fill Slope over Natural Slope”. 

 
10.9   Foundations and Settlements 
 
No specific building foundation designs are provided at this time.  The following general 
foundation criteria are provided for future design and planning consideration.  The 
proposed grading plan will generally involve the following foundation support 
conditions: 
 
• Foundation support within bedrock in cut areas 
• Foundation support within engineered fill 
• Foundation support within transition zones of cut and fill 
 
Shallow spread footings for foundation support of up to two-story residential, commercial 
or light industrial developments can adequately be derived from native soils, processed as 
necessary, and bedrock or engineered fill compacted as previously recommended.  
Heavier structures support, if applicable, should be addressed at the Grading Plan stage.  
Bearing capacity data and lateral resistance of footing walls should be provided at the 
Grading Plan stage. 
 
Figure C4, “Cut Lot (Transitional)” and “Cut-Fill Lot (Transitional)” provides a 
foundation grading detail for locations where foundations will straddle transition zones of 
cut and fill.  Figure C5 provides overexcavation recommendations at lots where the 
building is placed over the crest of a natural slope and part of the building would be on 
compacted fill and part on bedrock.  In addition, extra foundation slab reinforcement 
should be provided in these cases. 
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To minimize significant settlements, it is recommended that upper soils in areas to 
receive fills be removed and recompacted to competent materials.  No specific foundation 
design loads are available at this time.  The design grades to be achieved by highest fills, 
may be placed sufficiently ahead of building construction to induce potential settlements 
ahead of time.   

 
10.10   Drainage Control 
 
Generally, ground water is not expected to interfere with normal construction operations, 
if performed during the summer months.  Ground water and soil moisture conditions can 
vary seasonally or for other reasons.  It must be recognized that we do not and cannot 
have complete knowledge of the subsurface conditions at the site.  It is possible that 
seepage could be encountered while stripping and excavating during site preparation at 
other areas.  Whenever seepage is observed, the condition must be evaluated by the 
Engineering Geologist and Geotechnical Engineer prior to covering with fill material so 
that the necessary subdrain system is established.  We are of the opinion that, as a 
minimum, a subdrain should be placed in all major swales or alluvial valleys below 
proposed major fills.  A subdrain detail is presented in Figure C10. 
 

10.10.1   Surface Drainage Control 
 
Drainage control design should include provisions for positive surface gradients to 
ensure that surface runoff is not permitted to pond, particularly above slopes or 
adjacent to building foundations or slabs.  Surface runoff should be directed away 
from slopes and foundations and collected in lined ditches or drainage swales, via 
non-erodible drainage devices, which should discharge to paved roadways, or existing 
watercourses.  If these facilities discharge onto natural ground, means should be 
provided to control erosion and to create sheet flow. 
 
Cut and fill slope terraces should also be provided with suitable drainage gradients 
and permanently lined ditches capable of collecting and transporting runoff water to 
suitable discharge points.  Inlets of any pipes should be designed against clogging and 
for minimum maintenance.  Lateral discharge pipes should be designed to 
accommodate some movement (slip joints) and underground conduits should have 
cleanout facilities.  Terraces should be provided with suitable access in order to 
permit periodic cleaning and maintenance. 
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10.10.2   Subsurface Water Control 
 
Fill slopes should be provided with subsurface drainage as necessary for stability.  A 
typical backdrain detail is shown on Figure C3.  Geologically recommended canyon 
subdrain locations, will be provided at the Grading Plan stage, when detailed 40-
scale maps are available. The final location, spacing, and design of subdrains should 
be determined by the Engineering Geologist or Geotechnical Engineer from field 
observations during grading operations.  However, as indicated before, a subdrain 
should be placed beneath all major fills in any alluvial valley or swale where a fill is 
planned. As mentioned previously, a typical detail of a canyon subdrain is presented 
on Figure C10. 
 
10.10.3   Buttress and Stability Fill Backdrains 

 
Backdrains are required for Stability Fills and Buttresses. Typical backdrain details 
are shown on Figures C3 and C8. 
 

10.11   Expansive Materials Considerations 
 
Medium to highly expansive rock materials were identified by swell tests.  Tentative 
recommendations for foundations placed on these materials, unless replaced by non-
to-low-expansive soils to at least 4 feet below footing/slab bottoms, are as follows:  
 
• Footing Depth 

- Perimeter 24” 
- Interior 18” 

• Footing Reinforcement: one #4 top & bottom 
• Floor Slab Thickness:   

- 5 inch and provide footing/slab interface low friction joints at perimeter walls. 
• Floor Slab Reinforcement:  #4 at 18” each way 
• Provide Moisture Barrier: 2” sand and visqueen + 2” sand 
• Premoist (avoiding ponding) the subgrade 24 hours before pouring concrete 
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10.12   Hydroconsolidation Considerations 
 

Based upon our hydroconsolidation test data, soils beneath recommended removal 
depths do not show significant hydroconsolidation characteristics. 
  

10.13   Corrosive Soils Considerations 
 

Based on resistivity data presented in Appendix B, soils classify as mildly corrosive 
to moderately corrosive to ferrous metals which requires mitigation measures.  
Sulfates and chlorides concentrations were negligible and pH was neutral.  Additional 
confirmatory tests should be performed at the Grading Plan stage.  Tentative 
mitigation measures against corrosion to ferrous metals are as follows: 
 

 
10.13.1   Concrete 

 
Conventional Type I or II portland cement may be used in concrete for structures and 
concrete pipe that will be in contact with near finish grade soils. 

 
10.13.2   Reinforced Concrete Pipe (RCP) 
 
Based upon pH data from our soil samples, in accordance with Section 854.1 of 
CalTrans Highway Design Manual, concrete cover over reinforcing steel in RCP may 
be standard cover.  Cast pipe wall thickness shall be in accordance with Section 
207.2.3.2 of the 1997 Standard Specifications for Public Works Construction. 
 
10.13.3   Steel Pipe 

 
Perform abrasive blast to underground steel utilities and apply a high quality 
dielectric coating such as extruded polyethylene, a tape coating system, hot applied 
coal tar enamel, or fusion bonded epoxy. 
 
Bond underground steel pipe with rubber gasketed, mechanical, grooved end, or other 
nonconductive type joints for electrical continuity.  Electrical continuity is necessary 
for corrosion monitoring and cathodic protection. 
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Electrically insulate each buried steel pipeline from dissimilar metals, cement-mortar 
coated and concrete encased steel, and above ground steel pipe using dielectric 
fittings to prevent dissimilar metal corrosion cells and to facilitate the application of 
cathodic protection. 

 
Apply cathodic protection to steel piping as per NACE International RP-0169-92.  As 
an alternative for steel waterlines to a dielectric coating and cathodic protection, 
apply a mortar coating per AWWA Standard C-205. 

 
10.13.4   Iron Materials Corrosion Protection 

 
Encase cast and ductile iron piping in 8 mil thick low-density polyethylene or 4-mil 
thick high-density polyethylene, cross-laminated polyethylene plastic tubes or wraps 
per AWWA Standard C105, or coat with a high quality dielectric coating such as 
polyurethane or coal tar epoxy.  Electrically insulate underground iron pipe from 
dissimilar metals and above ground iron pipe with insulated joints and dielectric 
fittings. 

 
Protect any iron valves and fittings with a double polyethylene wrap per AWWA 
C105.  Where concrete thrust blocks are to be placed against iron, use a single 
polyethylene wrap to prevent concrete/iron contact and to eliminate the slipperiness 
of a double wrap. 

 
10.13.5   Buried Copper Tubing 

 
Buried copper tubing for cold and hot water shall be provided with cathodic 
protection (e.g. encase in plastic pipe) or all copper tubing should be kept above 
ground. 
 
10.13.6   All Pipes 

 
On all pipes, it is recommended to coat bare steel appurtenances such as bolts, joint 
harnesses, or flexible couplings with a coal tar or elastomer based mastic, coal tar 
epoxy, moldable sealant, wax tape, or equivalent after assembly. 
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Where metallic pipelines penetrate concrete structures such as building floors or 
walls, use plastic sleeves, rubber seals, boots or other dielectric material to prevent 
pipe contact with the concrete and reinforcing steel. 

 
10.13.7   Other Protective Measures 

 
Electrically insulate (isolate) below-grade ferrous metals by means of dielectric 
fittings in exposed metal structures breaking grade. 

 
10.14   Retaining Walls 

 
Retaining wall geotechnical design parameters will be provided at the Grading Plan 
stage. 

 
10.15   Pavement Design 
 
Pavement design recommendations will be provided at the Grading Plan stages. 

 
11.0  LOS ANGELES COUNTY SECTION 111 STATEMENT 
 
In compliance with Section 111 of the Los Angeles County Building Code, it is the finding 
of this firm that the proposed grading for Vesting Tentative Tract 52584 and the proposed 
Building Sites will be safe against hazards from landslide, settlement, or slippage and will 
not adversely affect offsite property, provided all of our recommendations are followed and 
implemented during construction. 
 
12.0  GEOLOGIST/GEOTECHNICAL ENGINEER OF RECORD 
 
This report has been prepared assuming that Allan E. Seward Engineering Geology, Inc. will 
refine all geology and geotechnically-related data for the Grading Plan stage.  If the 
recommendations contained in this report are to be utilized, and expansion of the 
geology/geotechnical work is performed by others, the party performing the work must 
review this report and assume full responsibility for recommendations contained herein.  
That party would then assume the title of responsibility as “Geologist/Geotechnical Engineer 
of Record” for the project. 
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At the Grading Stage, representatives of the Geology/Geotechnical Engineer of Record 
should be present to observe all grading operations.  A report presenting the results of those 
observations and related testing should be issued upon completion of the operations.  All 
footing excavations should be observed by a representative of the Geologist/Geotechnical 
Engineer of Record prior to placing steel or pouring concrete into the excavations. 
 
13.0  LIMITATIONS 
 
This report has been prepared for the exclusive use of Palmer Investments and their design 
consultants for the specific site discussed herein.  This report should not be considered 
transferable.  Prior to use by others, we should be notified, as additional work may be 
required to update this report. 
 
This study was conducted according to generally accepted engineering geologic practice for 
studies of this magnitude.  Our conclusions and recommendations are based on the data 
available and our interpretation of the data based on our experience and background.  Hence, 
our conclusions and recommendations are professional opinions and are not meant to be a 
control of nature; therefore, no warranty is herein expressed or implied.    
 
It should be noted that faulting is normally confined to the area immediately adjacent to a 
known fault, or within a few feet of the last fault movement.  Regardless of what criteria are 
used however, absolute assurance against future fault displacement or strong ground motion 
cannot be obtained in tectonically active areas.  New faults can form, as the orientation and 
magnitude of deformational forces in the earth's crust change with time.  Therefore, the 
location of new breaks or ground motions during a seismic event cannot be located or 
anticipated. 
 
In the event that any modifications in the design or location of the proposed development, as 
discussed herein, are planned, the conclusions and recommendations contained in this report 
will require a written review by this firm with respect to the planned modifications. 
 
In performing these professional services, we have used the degree of care and skill 
ordinarily exercised, under similar circumstances, by reputable engineering geologists and 
geotechnical engineers practicing in this or similar localities. 
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GEOTECHNICAL LABORATORY INVESTIGATION 
 
1. General 
 

a. The purpose of the laboratory investigation was to evaluate the geotechnical 
engineering characteristics of the various materials encountered during the field 
investigation.  The investigation program was carried out employing, wherever 
practical, currently accepted test procedures of the American Society of Testing and 
Materials (ASTM) and California Test Standards. 

 
b. Relatively undisturbed ring samples and bag samples were obtained during the course 

of the field investigation.  Laboratory sample identification is by project name and 
number, drill hole number or trench number and depth. 
 

c. Geotechnical laboratory testing is classified in two major subgroups: 
• Index Properties Tests, and 
• Geotechnical Engineering Properties Tests 

 
d. We also performed soluble chloride and sulfate1 contents, resistivity and pH tests to 

evaluate the corrosivity potential of onsite soil. 
 
2. Index Properties Tests 
 

The following Index Properties test were performed on native soils collected during the 
field exploration. 
 

Test Type 
 

No. of Tests 
Performed 

Testing Standard 
 

Moisture Content & Unit Weight 73 ASTM D 2216 (Water Content) 
Percent-Finer Than # 200 36 ASTM D 1140 
Expansion Index 2 ASTM D 4829 
Particle-size Analysis 1 ASTM D422 and D 1140 
Atterberg Limits 3 ASTM D4318 
Sulfate-Content 7 EPA Standard 9056 
Chloride-Content 7 EPA Standard 9056 
Resistivity 7 California Test Method 532 
PH 7 -- 

 
                                                 
1 Chloride and Sulfate Contents were performed by FGL Environmental Laboratory in Santa Paula 
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The purpose of each test is briefly described below. 
 

a. The natural water content and in-situ unit dry weight of soils provided an 
indication of the strength of natural soils before additional testing was 
performed.  These data, in conjunction with field blow count data, served in 
the selection of samples for additional testing.  Test results are presented on 
the Drill Hole Logs and Trench Logs within Appendix A. 

 
b. Minus No. 200 wash-sieve analyses were performed on some samples to 

evaluate only the percentage of fine particles smaller than 75 microns within 
the soil.  These tests were conducted to aid in classifying the soils in 
accordance with the Unified Soil Classification System (USCS).  Test results 
are presented on the Drill Hole Logs and Trench Logs within Appendix A. 

 
c. Expansion Index Tests provided an index to the expansion potential of soils 

when inundated with water.  This test method controls variables that influence 
the expansive characteristics of soils.  Results are summarized below: 

 
Samples USCS Expansion Index 

Boring BA-4 @ 24’ ML 79.9 
Boring BA-4 @ 74’ ML 64.7 

 
d. Complete mechanical particle-size analyses of soil fractions larger and smaller 

than 75 microns (No. 200 sieve) were conducted to aid in classifying the soils 
in accordance with the Unified Soil Classification System (USCS).  Test 
results are presented on Figures B1 within this Appendix. 

 
e. Liquid and plastic limit tests (Atterberg limits) were conducted on selected 

samples to aid in classifying the soils in accordance with USCS (by evaluating 
soil plasticity).  Test results are presented on Figure B2 within this Appendix. 

 
f. Soluble sulfates and chloride contents, resistivity and pH tests were conducted 

to access the potential corrosive effects of soils on concrete, ferrous and non-
ferrous metals.  Test results are presented on Table B1 within this Appendix. 

 
3. Geotechnical Engineering Properties Tests 

 
The following Geotechnical Engineering Property Tests were performed on relatively 
undisturbed ring samples collected at this site. 
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Test Type Test No. Testing Standard 

Compaction 5  ASTM D1557-91 
Consolidation  18  ASTM D 2435 
Direct Shear 15  ASTM D 3080 

 
The purpose of each test is briefly described below. 
 

a. Compaction tests were performed on selected samples to assess the moisture-
density relationship of materials that may be used for recompaction at removal 
areas.  Test results are presented on Figures B3.1 through B3.5 within this 
Appendix. 

 
b. One-dimensional consolidation tests were performed on selected ring samples 

to assess the soils compressibility characteristics by subjecting the specimens 
to loads ranging from 150 psf to 16,000 psf, and with the addition of water at 
loads near the overburden pressure.  Tests results are plotted on Figures B4.1 
through B4.18 within this Appendix. 

 
c. Direct shear tests were performed on relatively undisturbed specimens using a 

displacement-controlled direct shear machine.  Samples were tested at normal 
pressures ranging from approximately 1.4 ksf to 8.4 ksf in order to define both 
the peak and residual shear strength parameters.  The samples were 
consolidated under the normal load at saturated conditions and then sheared 
horizontally at a controlled displacement rate until a residual strength was 
attained.  Test results are plotted on Figures B5.1 through B5.15 within this 
Appendix. 

 
The following attachments completed this Appendix 
 
Laboratory Test Results 
• Corrosion Test on Soil Samples     Table B1.1-B1.2 
• Summary of Shear Strength Test Data    Table B2 
• Soil Collapse Potential of Shallow Soils to Receive Fill  Table B3 
• Particle Size Distribution Test Report    Figure B1 
• Liquid and Plastic Limits Test Report     Figure B2 
• Compaction Test Reports       Figure B3.1-B3.5 
• Consolidation Test Reports     Figure B4.1-B4.18 
• Direct Shear Test Results      Figure B5.1-B5.14 
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Corrosion Test Results on Soil Samples 
 
 

Sample Location BA-1 
(40’) 

BA-3 
(40’) 

BA-4 
(24’) 

BA-4 
(74’) 

Soil Type - USCS SW SW ML ML 

     

Resistivity     

Saturated  (Ohm-cm) NA NA 867 1367 

Corrosion Characteristic1 - - Corrosive  Moderately 

Corrosive 

     

Chemical Analyses     

pH 7.2 7.0 7.4 7.0 

Chloride CI (ppm) 100 ND 40 ND 

Sulfate   SO4  (%) 0.006 0.005 0.014 ND 

Concrete exposure to 
sulfate2

Negligible Negligible Negligible Negligible 

     
 
 
 
ND = not detected 
NA = not analyzed 

                                                           
1 Peabody Classification 
2 Per 1997 UBC – Table 19-A-4 
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Corrosion Test Results on Soil Samples 

 
 

Sample Location BA-5 
(40’) 

BA-6 
(38’) 

T-156 
(2’) 

Soil Type - USCS SW SM SM 

    

Resistivity    

Saturated  (Ohm-
cm) 

NA 7403.7 4769 

Corrosion 
Characteristic3

- Mildly 
Corrosive 

Mildly Corrosive 

    

Chemical 
Analyses 

   

pH 6.8 7.0 6.4 

Chloride CI (ppm) ND 10 ND 

Sulfate   SO4  (%) ND ND ND 

Concrete 
exposure to 
sulfate4

Negligible Negligible Negligible 

    
 
 
 
ND = not detected 
NA = not analyzed 
 

                                                           
3 Peabody Classification 
4 Per 1997 UBC – Table 19-A-4 
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SUMMARY OF SHEAR STRENGTH TEST DATA 
 

 
PEAK(1) RESIDUAL(1) 

BORING OR 
TEST PIT NO. 

FIG. 
NO. 

MATERIAL COHESION 
(psf) 

PHI φ 
(deg) 

COHESIO
N (psf) 

PHI φ 
UNIT 
WT. 

(PCF) 
 

BA-1 @ 69.7’ B5.1 Landslide Plane (Qls) 210 28.1° 290 7° 130 

BA-1 @ 10’ 

BA-3 @ 5’ 

B5.2 

B5.3 

Landslide Debris (Qls) 

Landslide Debris (Qls) 

1800 

50 

29° 

28° 

510 

100 

26° 

25° 

-- 

116 

BA-1 @ 75.4’ 

BA-2 @ 62’ 

BA-4 @ 10’ 

B5.4 

B5.5 

B5.6 

Bedding Plane (TQs) 

Bedding Plane (TQs) 

Bedding Plane (TQs) 

290 

1270 

1250 

30° 

28°  

19.5° 

200 

1570 

150 

17.4° 

11.8° 

18° 

122 

-- 

-- 

BA-5 @ 50’ 

BA-6 @ 20’ 

B5.7 

B5.8 

Cross Bedding (TQs) 

Cross Bedding (TQs) 

440 

350 

24.3° 

35.7° 

320 

240 

24.6° 

29.5° 

119 

-- 

HS-2 @ 20’ B5.9 Terrace Deposits (Qt) 10 31° 10 30.5° 120 

BA-4 @ 24’ 

BA-5 @12’ 

B5.10 

B5.11 

Compacted Fill (Cef) 

Compacted Fill (Cef) 

310 

190 

40° 

39.8° 

310 

130 

40° 

40.3° 

-- 

123 

HS-4 @ 10’ 

RW-1 @ 6’ 

B5.12 

B5.13 

Alluvium (Qal) 

Alluvium (Qal) 

320 

360 

37.8° 

48.4° 

160 

170 

37.8° 

47.2° 

125 

-- 

T-156 @ 3.5’ B5.14 Slopewash (sw) 150 15.7° 150 15.7° 104 

  
(1) Data in bold were selected for stability analyses 
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SOIL COLLAPSE POTENTIAL OF SHALLOW SOILS TO RECEIVE FILL 
 
Location Depth (Ft.) % Hydroconsolidation Hydroconsolidation Classification 

(Per L.A. County) 
T-202 3 0.4 Low (<2%) 
T-202 6 0.3 Low (<2%) 
T-203 9 1.7 Low (<2%) 
T-204 9 1.5 Low (<2%) 
T-205 9 1.8 Low (<2%) 
T-208 9 1.3 Low (<2%) 
T-209 9 1.7 Low (<2%) 
T-210 6 0.9 Low (<2%) 
T-212 6 0.1 Low (<2%) 
T-215 9 0 Low (<2%) 
T-217 6 0 Low (<2%) 
T-218 6 0 Low (<2%) 
HS-1 5 0 Low (<2%) 
HS-1 10 0 Low (<2%) 
HS-4 10 0 Low (<2%) 
HS-5 5 0 Low (<2%) 
HS-5 10 0 Low (<2%) 
RW-1 9 0 Low (<2%) 
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RECOMMENDED EARTHWORK SPECIFICATIONS 
 
The following specifications are recommended to provide a basis for quality control during 
the placement of compacted fill or backfill as applicable. 
 
1. Areas that are to receive compacted fill shall be observed by Allan E. Seward 

Engineering Geology, Inc. (AES) prior to the placement of fill. 
 
2. All drainage devices shall be properly installed and observed by AES and/or owner’s 

representative(s) prior to placement of backfill. 
 
3. Fill shall be placed in controlled layers (lifts), the thickness of which is compatible 

with the type of compaction equipment used.  The fill materials shall be brought to 
approximately 2 percent over optimum moisture content, then placed in layers with a 
thickness (loose) not exceeding 8 inches.  Each layer shall be compacted to a 
minimum compaction of 90% relative to the maximum dry density determined per the 
latest ASTM D1557 test.  Density testing shall be performed by AES to verify 
relative compaction.  The contractor shall provide proper access and level areas for 
testing. 

 
4. Where space limitations do not allow for conventional fill compaction operations, 

special backfill materials and procedures may be required.  Pea gravel or other select 
fill can be used in areas of limited space.  A sand and portland cement slurry (2 sacks 
per cubic-yard mix) shall be used in limited space areas for shallow backfill near final 
pad grade, and pea gravel shall be placed in deeper backfill near drainage systems. 

 
5. Fill soils shall consist of imported soils or on site soils free of organics, cobbles, and 

deleterious material and shall be approved by AES.  Rocks larger than 8 inches in 
diameter shall not be used unless they are sufficiently broken down.  All imported 
soil shall be granular, non-expansive, with an Expansion Index (EI) less than 30.  
AES shall evaluate and/or test the import material for its conformance with the 
specifications prior to its delivery to the site.  The contractor shall notify AES 72 
hours prior to importing material to the site. 

 
6. AES shall observe the placement of compacted fill and conduct in-place field density 

tests on the compacted fill to check for adequate moisture content and the required 
relative compaction.  Where less than specified relative compaction is indicated, 
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additional compactive effort shall be applied and the soil moisture conditioned as 
necessary until adequate relative compaction is attained. 

 
7. The Contractor shall comply with the minimum relative compaction out to the finish 

slope face of fill slopes, buttresses, and stabilization fills as set forth in the 
specifications for compacted fill.  This may be achieved by either overbuilding the 
slope and cutting back as necessary, or by direct compaction of the slope face with 
suitable equipment, or by any other procedure which produces the required result. 

 
8. Any abandoned underground structures such as cesspools, cisterns, mining shafts, 

tunnels, septic tanks, wells, pipelines or others not discovered prior to grading are to 
be removed or treated to the satisfaction of the Soils Engineer and/or the controlling 
agency for the project. 

 
9. The Contractor shall have suitable and sufficient equipment during a particular 

operation to handle the volume of fill being placed.  When necessary, fill placement 
equipment shall be shut down temporarily in order to permit proper compaction of 
fills, correction of deficient areas, or to facilitate required field testing. 

 
10. The Contractor shall be responsible for the satisfactory completion of all earthwork in 

accordance with the project plans and specifications. 
 
11. Final reports shall be submitted after completion of earthwork and after the Soils 

Engineer and Engineering Geologist have finished their observations of the work.  No 
additional excavation or filling shall be performed without prior notification to the 
Soils Engineer and/or Engineering Geologist. 

 
12. Whenever the words “supervision”, “inspection” or “control” are used, they shall 

mean observation of the work and/or testing of the compacted fill by AES to assess 
whether substantial compliance with plans, specifications and design concepts has 
been achieved, and does not include direction of the actual work of the contractor or 
the contractor’s workmen. 
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RECOMMENDED SPECIFICATIONS  
FOR PLACEMENT OF TRENCH BACKFILL 

 
1. Trench excavations to receive backfill shall be free of trash, debris or other 

unsatisfactory materials prior to backfill placement, and shall be observed by Allan E. 
Seward Engineering Geology, Inc.  (AES) representative. 

 
2. Trench backfills shall be compacted to at least a relative compaction of 90 percent.  

The top 6 inches of trench backfill underlying pavement sections shall be compacted 
to a minimum relative compaction of 95 percent.  Relative compaction is defined as 
the ratio of the in-place soil dry density to the laboratory maximum dry density as 
determined by the ASTM D1557 test method. 

 
3. Except as stipulated herein, soils obtained from the excavation may be used as 

backfill if they are essentially free of organics and deleterious materials. 
 

Rocks generated from the trench excavation not exceeding 3 inches in largest 
dimension may be used as backfill material.  However, such material may not be 
placed within 12 inches of the top of the pipeline.  No more than 30 percent of the 
backfill volume shall contain particles larger than 1 ½ inches in diameter, and rocks 
shall be well mixed with finer soil. 

 
4. Soils (other than aggregates) with a Sand Equivalent (SE) greater than or equal to 30, 

as determined by ASTM D 2419 Standard Test Method or at the discretion of the 
engineer or representative in the field, may be used for bedding and shading material 
in the pipe zone areas.  These soils are considered satisfactory for compaction by 
jetting procedures. 

 
5. No jetting will be permitted in utility trenches within the top 2 feet of the subgrade of 

concrete slabs-on-grade. 
 
6. Trench backfill other than bedding and shading shall be compacted by mechanical 

methods as tamping sheepsfoot, vibrating or pneumatic rollers or other mechanical 
tampers to achieve the density specified herein.  The backfill materials shall be 
brought to approximately 2 percent over optimum moisture content, then placed in 
horizontal layers with a thickness (loose) not exceeding 8 inches.  Each layer shall be 
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evenly spread, moistened or dried as necessary and then tamped or rolled until the 
specified density has been achieved. 

 
7. The contractor shall select the equipment and process to be used to achieve the 

specified density without damage to the pipeline, the adjacent ground, existing 
improvements or completed work. 

 
8. Observations and field tests shall be carried on during construction by AES to 

confirm that the required degree of compaction has been obtained.  Where 
compaction is less than that specified, additional compaction effort shall be made 
with adjustment of the moisture content as necessary until the specified compaction is 
obtained.  Field density tests may be omitted at the discretion of the engineer or his 
representative in the field. 

 
9. Whenever, in the opinion of AES or the Owner’s Representative(s), an unstable 

condition is being created, either by cutting or filling, the work shall not proceed until 
an investigation has been made and the excavation plan revised, if deemed necessary. 

 
10. Fill material shall not be placed, spread, or rolled during unfavorable weather 

conditions.  When the work is interrupted by heavy rain, fill operations shall not be 
resumed until field tests by AES indicate the moisture content and density of the fill 
are as specified. 

 
11. Whenever the words “supervision”, “inspection”, or “control” are used, they shall 

mean observation of the work and/or testing of the compacted fill by AES to assess 
whether substantial compliance with plans, specifications and design concepts has 
been achieved. 
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SUMMARY OF LANDSLIDES  

TABLE 1 
 

Landslide 
No. 

Plate 
No. 

 

Mitigation 

1 I Landslide located mostly within proposed natural slope area (Open 
Space Lot No. 228) and partially within residential Lot 199.  A small 
fill slope is proposed at the toe of this slide.  Cross Section 17-17’ 
illustrates the three-dimensional geometry of this slide.  Per 
engineering calculation on Cross Section 17-17’ the entire landslide 
is to be removed.  The excavation depression between the Future “Q” 
street and the landslide removal bottom should be filled to the 
approximate elevation of street (daylight the fill to the west against the 
landslide removal).  The upper portion of the landslide removal 
bottom must be removed/laid back to the apparent angle of the 
bedding (11°) from elevation 1605 as illustrated on Cross Section 17-
17’ within the geotechnical analysis portion of the report.  A 
additional copy of this cross section with the recommended design 
mitigation is also enclosed within the Mitigation Summary (Appendix 
G) 
 

2 I Relatively small landslide complex located directly east of Landslide 
Qls-1 and beneath Lot 199 and the proposed street.  It is recommended 
that this landslide complex be completely removed during the grading 
operations under the continuous observation of the Project 
Engineering Geologist.  In areas to receive fill, the landslide removal 
bottom should be surveyed in order to document the removal for 
future reference. 
 

3 II Landslide located within a fill canyon beneath proposed Lots 15, 16, 
17, 25, 26 and 27.  It is recommended that this landslide be 
completely removed from beneath the proposed lots under the 
continuous observation of the Project Engineering Geologist.  In areas 
to receive fill, the landslide removal bottom should be surveyed in 
order to document the removal for future reference. 
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Landslide 
No. 

Plate 
No. 

 

Mitigation 

4 I Small landslide located beneath proposed Lots 64 and 65.  The 
proposed grading concept will remove approximately half this 
landslide.  It is recommended that the remaining portion of this 
landslide be completely removed under the observation of the 
Project Engineering Geologist.  In areas to receive fill, the landslide 
removal bottom should be surveyed in order to document the removal 
for future reference. 
 

5 II Landslide located beneath proposed Lots 210, 211 and 212.  The 
proposed grading concept will remove approximately 65% of this 
landslide.  It is recommended that the landslide material be 
excavated a minimum of 20 feet below the proposed grade and 
replaced with certified engineered fill.  See Cross Section 19-19’ 
within the mitigation summary section located within Appendix G for 
the recommended design.  In areas to receive fill, the landslide 
removal bottom should be surveyed in order to document the removal 
for future reference. 
 
Prior to the placement of Certified Engineered Fill, the remaining 
landslide material exposed within the bottom excavation should be 
sampled and tested to confirm the adequacy of the bottom removal.  
 

6 II Based on Geotechnical Engineering analysis of Cross Section 7-7’ it is 
recommended that the proposed grade be redesigned to the 
configuration illustrated on Cross Section 7-7’ located within the 
mitigation summary section (Appendix G).  It is recommended that the 
redesigned cut-slopes be removed and replaced with a standard 15 feet 
wide Stability Fill.  The material below the proposed street should be 
sampled and analyzed during the grading operations for recommended 
overexcavation depth. 
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Landslide 
No. 

Plate 
No. 

 

Mitigation 

7 II Landslide located beneath proposed Lots 81 thru 84.  The proposed 
grading concept will remove approximately 85% of this landslide.  It 
is recommended that the remaining portion of this landslide be 
completely removed under the observation of the Project Engineering 
Geologist.  Cross Section 16-16’ illustrates the three dimensional 
geometry of the landslide.  This cross section with the design 
mitigation is included within the mitigation summary section located 
within Appendix G.  In areas to receive fill, the landslide removal 
bottom should be surveyed in order to document the removal for 
future reference. 
 

8 II Small probable landslide located north of Lot 70 within the proposed 
golf course area.  This probable landslide poses no hazard to the future 
residential lots and the golf course and is safe for the use intended.  
Landslide Qls-8 will be noted on the Final Map as a Restricted Use 
Area. 
 

 



Hasley Canyon Land Company, L.L.C.  Job No: 98-1617-4 
January 15, 1999  Page 1 

 
 

SUMMARY OF CUT-SLOPES 
Table 2 

 
PROPOSED CUT-SLOPE CS-1 

 
Location:  
 

Plate II - North of Lot 162 

Direction Slope Faces:   
 

South to Southwest 

Slope Parameters: 
 

118± ft. high; 2:1 gradient  
 

Cross Sections:  
 

1-1’ 
 

Anticipated Geologic Conditions: 
 

TQs bedrock dipping an average of 30° towards the south 
which is steeper than the proposed cut-slope face; grossly 
stable 
 

Mitigation Measures: 
 

N/A 
 

 
 

PROPOSED CUT-SLOPE CS-2 
 

Location:  
 

Plate II - North of Lots 156 thru 160 

Direction Slope Faces:   
 

South 

Slope Parameters: 
 

80± ft. high; 2:1 gradient 
 

Cross Sections:  
 

2-2’ 
 

Anticipated Geologic Conditions: 
 

TQs bedrock dipping an average of 29° towards the south 
which is steeper than the proposed cut-slope face; grossly 
stable 
 

Mitigation Measures: 
 

N/A 
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PROPOSED CUT-SLOPE CS-3 
 

Location:  
 

Plate II - Northeast of Lot 116 

Direction Slope Faces:   
 

South  

Slope Parameters: 
 

90± ft; high; 2:1 gradient 
 

Cross Sections:  
 

3-3’  
 

Anticipated Geologic Conditions: 
 

TQs bedrock dipping an average of 32° towards the south 
which is steeper than the proposed cut-slope face; grossly 
stable  
 

Mitigation Measures: 
 

N/A 
 

 
 

PROPOSED CUT-SLOPE CS-4 
 

Location:  
 

Plate II - South of Lots 136 thru 138 
 

Direction Slope Faces:   
 

Southwest 
 

Slope Parameters: 
 

85± ft. high; 2:1 gradient 
 

Cross Sections:  
 

4-4’ & 5-5’ 
 

Anticipated Geologic Conditions: 
 

TQs bedrock dipping towards the south with the apparent 
dip of the bedding dipping out of the proposed slope face 
as indicated on cross section 5-5’.  Cross section 4-4’ 
indicates this slope is grossly stable.  Cross section 5-5’ 
indicates this slope is surficially unstable.  The middle 
portion of this slope is proposed as fill and the eastern 
portion is anticipated to expose the axis of the syncline as 
well as a fill over cut condition directly south of Lot 136. 
 

Mitigation Measures: 
 

Stability Fill required.  This stability fill is illustrated on 
cross section 5-5’, which is located within the Mitigation 
Summary (Appendix G) portion of this report. 
 

Allan E. Seward Engineering Geology, Inc.     Geology and Geotechnology 



Hasley Canyon Land Company, L.L.C.  Job No: 98-1617-4 
January 15, 1999  Page 3 

 
 
 
 

PROPOSED CUT-SLOPE CS-5 
 

Location:  
 

Plate II - East of proposed clubhouse location; merges 
southward into Cut-Slope CS-40 
 

Direction Slope Faces:   
 

Northwest to west to southwest 

Slope Parameters: 
 

85± ft. high; 2:1 gradient 

Cross Sections:  
 

6-6’ 

Anticipated Geologic Conditions: 
 

The northwest-facing portion of the slope is anticipated to 
expose TQs bedrock dipping 26 to 65° towards the south, 
which is steeper than the proposed cut-slope face.  The 
south-west facing portion of the slope is anticipated to 
expose TQs bedrock oriented neutral to the proposed slope 
face.  Grossly stable. 
 

Mitigation Measures: 
 

N/A 
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PROPOSED CUT-SLOPE CS-6 

 
Location:  
 

Plate II - Northwest of Lots 200 thru 202 

Direction Slope Faces:   
 

Northwest 

Slope Parameters: 
 

26± ft. high; 3:1 or flatter gradient 

Cross Sections:  
 

None 

Anticipated Geologic Conditions: 
 

TQs bedrock dipping 36-58° north, which is steeper than 
the proposed cut-slope face; but a portion of the slope is 
located within the Building Setback Zone.  Due to the 
complexity of faulting within this zone, the exact location, 
orientation and engineering characteristics of the potential 
faults cannot be precisely determined until the slope is 
graded.  This is characteristic of all fault zones. 
 

Mitigation Measures: 
 

A Stability Fill is required for the northern portion of the 
cut-slope within the “Zone of Deformation”.  During the 
grading operations the backcut and keyway excavations 
will be geologically logged in detail and cross sections will 
be provided to our soils engineer for additional analysis (if 
necessary) relative to the gross stability of the slope.  
These cross sections, backcut and keyway logs will be 
presented in our geologic report approving Rough Grading.
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PROPOSED CUT-SLOPE CS-7 

 
Location:  Plate II - East of Lots 210- thru 212 

 
Direction Slope Faces:   
 

West to southwest 

Slope Parameters: 
 

80± ft. high; 2:1 gradient 

Cross Sections:  
 

7-7’ 

Anticipated Geologic Conditions: 
 

The west-facing portion of Cut-Slope CS-7 is located 
within the recommended Building Setback Zone.  Minor 
faults and bedding shears anticipated to be exposed as well 
as the east-west trending anticlinal axial trace.  Bedding is 
anticipated to be neutral to dipping into the proposed slope 
face.  Due to the complexity of faulting the exact location, 
orientation and engineering characteristics of the potential 
faults cannot be precisely determined until the slope is 
graded.  This is characteristic of all fault zones. Landslide 
material (Qls-6) will be exposed within the south-facing 
portion of the proposed cut-slope face.  Geologically 
unstable. 
 

Mitigation Measures: 
 

Based on Geotechnical Engineering calculations, move the 
south-facing portion of the slope 100 ft. towards the 
northeast removing the landslide material from the 
modified slope face.  A 15 feet wide Stability Fill is 
required to mitigate surficial instability due to the existing 
anticline anticipated to be exposed within the slope face.  
See the Landslide Summary for discussion on landslide 
Qls-6.  Stabilization Fill is required for the west-facing 
portion of the slope within the recommended Building 
Setback Zone.  During the grading operations the backcut 
and keyway excavations will be geologically logged in 
detail and cross sections will be provided to our soils 
engineer for additional analysis (if necessary) relative to 
the gross stability of the slope.  These cross sections, 
backcut and keyway logs will be presented in our geologic 
report approving Rough Grading. 
 
This stability fill is illustrated on cross section 7-7’ located 
within the Mitigation Summary (Appendix G) of this 
report. 
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PROPOSED CUT-SLOPE CS-8 

 
Location:  
 

Plate II - West of Lots 19 thru 22 

Direction Slope Faces:   
 

West 

Slope Parameters: 
 

40± ft. high; 2:1 gradient 

Cross Sections:  
 

None 

Anticipated Geologic Conditions: 
 

TQs bedrock oriented essentially neutral to dipping into 
the proposed cut-slope face; grossly stable but probable 
fill over cut situation west of Lots 19 and 20.  Southern 
portion of slope is located within the recommended 
Building Setback Zone where potential faults, shears and 
deformed bedrock is anticipated to be exposed; probable 
surficial materials anticipated to be exposed at the top of 
the proposed cut slope within Lots 21 and 22; grossly 
stable but surficially unstable. 
  

Mitigation Measures: 
 

Stability Fill for the portion of the slope located within the 
“Zone of Deformation”.  During the grading operations, 
the backcut and keyway excavation will be geologically 
logged in detail and cross sections will be provided to our 
soils engineer for additional analysis (if necessary) relative 
to the gross stability of the slope.  These cross sections, 
backcut and keyway logs will be presented in our geologic 
report approving Rough Grading.   
 
Remove and replace the surficial material (sw) with 
certified fill using a keyway located at a terrace bench or 
the toe of slope for the area adjacent to Lots 21 & 22. 
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PROPOSED CUT-SLOPE CS-9 
 

Location:  
 

Plate II - Adjacent to Lots 30 thru 32 

Direction Slope Faces:   
 

West and north 

Slope Parameters: 
 

40± ft. high; 2:1 gradient 

Cross Sections:  
 

None 

Anticipated Geologic Conditions: 
 

TQs bedrock dipping 32 to 37° toward the northwest which 
is steeper than the proposed slope face; grossly stable 
 

Mitigation Measures: 
 

N/A 

 
 

PROPOSED CUT-SLOPE CS-10 
 

Location:  
 

Plate II - Adjacent to Lots 162 thru 168; traversed by two 
fill slopes (three separate slopes) 
 

Direction Slope Faces:   
 

South-Southeast 

Slope Parameters: 
 

35 ft. high; approximately 3:1 gradient 

Cross Sections:  
 

None 

Anticipated Geologic Conditions: 
 

TQs bedrock dipping 28 to 36° towards the south which is 
steeper than the proposed cut-slope face; grossly stable 
 

Mitigation Measures: 
 

N/A 
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PROPOSED CUT-SLOPE CS-11 
 

Location:  
 

Plate I - North of Lots 114 and 115 

Direction Slope Faces:   
 

South and southwest 

Slope Parameters: 
 

80± ft. high; 2:1 gradient 

Cross Sections:  
 

None 

Anticipated Geologic Conditions: 
 

TQs bedrock dipping an average of 31° towards the south 
(steeper than the proposed cut-slope face); grossly stable 
 

Mitigation Measures: 
 

N/A 

 
 

PROPOSED CUT-SLOPE CS-12 
 

Location:  
 

Plate I - North of Lot 220 

Direction Slope Faces:   
 

South to southwest 

Slope Parameters: 
 

105± ft. high; 2:1 gradient 

Cross Sections:  
 

8-8’ 

Anticipated Geologic Conditions: 
 

TQs bedrock dipping an average of 30° towards the south 
(steeper than the proposed cut-slope face); grossly stable 
 

Mitigation Measures: 
 

N/A 
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PROPOSED CUT-SLOPE CS-13 
 

Location:  
 

Plate I - Northeast of Lot 217 

Direction Slope Faces:   
 

Southwest 

Slope Parameters: 
 

80± ft. high; 2:1 gradient 

Cross Sections:  
 

9-9’ & 10-10’ 

Anticipated Geologic Conditions: 
 

TQs bedrock dipping 26 to 32° towards the southeast; 
Cross Section 10-10’ indicates bedding dipping steeper 
than the proposed cut-slope face.   Cross Section 9-9’ 
indicates a very minor component dipping out of slope; 
grossly stable, but possibly surficially unstable due to 
minor daylighted wedge. 
 

Mitigation Measures: 
 

Stabilization Fill required.  This stability fill is illustrated 
on cross section 9-9’ which is located within the Mitigation 
Summary (Appendix G). 

 
 

PROPOSED CUT-SLOPE CS-14 
 

Location:  
 

Plate I - East of Lot 113 

Direction Slope Faces:   
 

North and northwest 

Slope Parameters: 
 

95± ft. high; 2:1 gradient 

Cross Sections:  
 

8-8’ 

Anticipated Geologic Conditions: 
 

TQs bedrock dipping an average of 30° into the proposed 
cut-slope face; grossly stable 
 

Mitigation Measures: 
 

N/A 
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PROPOSED CUT-SLOPE CS-15 
 

Location:  
 

Plate I - North of Lots 98 thru 105 

Direction Slope Faces:   
 

Southwest 

Slope Parameters: 
 

150± ft. high: 3:1 gradient north of Lots 100 through 111 
and 2:1 gradient north of Lots 97 through 99 
 

Cross Sections:  
 

8-8’ 

Anticipated Geologic Conditions: 
 

TQs bedrock generally dipping steeper than the proposed 
cut-slope face but the eastern portion of slope in the  
vicinity north of Lot 98 is anticipated to expose the 
syncline axial trace; north of Lots 102 through 111 - 
grossly stable; north of Lots 97 through 101 - grossly 
unstable.   
 

Mitigation Measures: 
 

Design change required per geotechnical engineering 
analysis for the portion located north of Lots 97 through 
101.  Per analysis, construct a south-facing 2:1 (h:v) cut-
slope with a 115 feet wide bench at elevation 1540. 
 
This design is illustrated on cross section 8-8’, which is 
located within the Mitigation Summary (Appendix G) of 
this report. 
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PROPOSED CUT-SLOPE CS-16 

 
Location:  
 

Plate I - West of Lot 59 

Direction Slope Faces:   
 

Southeast 

Slope Parameters: 
 

50± ft. high; 2:1 gradient 

Cross Sections:  
 

11-11’ 

Anticipated Geologic Conditions: 
 

Located just north of the syncline axial trace; TQs bedrock 
dipping 8 to 27° towards the southeast beneath Quaternary 
Terrace deposits.  Grossly unstable per engineering 
calculations 
 

Mitigation Measures: 
 

Design change required per geotechnical engineering 
analysis.  Construct a 2.2:1 cut-slope with the toe of slope 
located approximately 60 feet northwest of the current 
proposed toe of slope location.  This recommended design 
is illustrated on cross section 11-11’, which is located 
within the Mitigation Summary (Appendix G) of this 
report. 

 
PROPOSED CUT-SLOPE CS-17 

 
Location:  
 

Plate I - East of Lots 55 and 56 

Direction Slope Faces:   
 

East 

Slope Parameters: 
 

80± ft. high; 2:1 gradient 

Cross Sections:  
 

12-12’ and 13-13’ 

Anticipated Geologic Conditions: 
 

TQs bedrock dipping an average of 30° into the proposed 
cut-slope face; grossly stable 
 

Mitigation Measures: 
 

N/A 
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PROPOSED CUT-SLOPE CS-18 

 
Location:  
 

Plate I - East of Lots 55 & 56 

Direction Slope Faces:   
 

West 

Slope Parameters: 
 

60± ft. high; 2:1 gradient 

Cross Sections:  
 

12-12’ & 13-13’ 

Anticipated Geologic Conditions: 
 

TQs bedrock dipping shallower (apparent dip) than the 
proposed cut-slope face as depicted on Cross Section 13-
13’; grossly unstable 
 

Mitigation Measures: 
 

Buttress Fill required or redesign the upper portion of the 
slope, above the terrace bench, to approximately 14° (4.2 
to 1 h:v).  This will require offsite easement letter. 
 
This recommended cut-slope design is illustrated on cross 
section 13-13’, which is located within the Mitigation 
Summary (Appendix G) of this report. 

 
 

PROPOSED CUT-SLOPE CS-19 
 

Location:  
 

Plate I - West of Lots 92 thru 94 

Direction Slope Faces:   
 

Northwest to west 

Slope Parameters: 
 

40± ft. high; 3:1 gradient 

Cross Sections:  
 

None 

Anticipated Geologic Conditions: 
 

TQs bedrock dipping approximately 19 to 47° towards the 
northwest which is steeper than the proposed cut-slope 
face; Alluvium and slopewash are anticipated to be 
exposed directly north of Lots 91 and 93; bedrock grossly 
stable, alluvium surficially unstable. 
 

Mitigation Measures: 
 

Stability Fill required for that portion of the slope exposing 
alluvium and slopewash. 
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PROPOSED CUT-SLOPE CS-20 
 

Location:  
 

Plate I - North and west of Lots 39 thru 53 

Direction Slope Faces:   
 

Northwest and southwest 

Slope Parameters: 
 

Semicircular 30 ft. high; 2:1 gradient 

Cross Sections:  
 

None 

Anticipated Geologic Conditions: 
 

TQs bedrock dipping 19 to 47° towards the northwest.  The 
north and northwest facing portion of the slope (Lots 39-
46) the bedding is anticipated to be dipping steeper than 
the proposed cut-slope face.  The west and southwest-
facing portion of the slope (Lots 47-53) the bedding is 
anticipated to be neutral to dipping into the proposed cut-
slope face; grossly stable 
 

Mitigation Measures: 
 

N/A 

 
PROPOSED CUT-SLOPE CS-21 

 
Location:  
 

Plate I - Southeast of Lots 41 thru 43 and Lots 64 and 65 

Direction Slope Faces:   
 

Southeast and South 

Slope Parameters: 
 

42± ft. high; 2:1 gradient 

Cross Sections:  
 

None 

Anticipated Geologic Conditions: 
 

TQs bedrock dipping 14 to 32° into the proposed cut-slope 
face; surficial material (slopewash) anticipated to be 
exposed within the cut-slope face east of Lot 64; entire 
Cut-Slope CS-21 is grossly stable, but surficially 
unstable in the vicinity of Lot 64. 
 

Mitigation Measures: 
 

Stability Fill required for the portion of the slope exposing 
slopewash. 
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PROPOSED CUT-SLOPE CS-22 

 
Location:  
 

Plate I - Southwest of Proposed Cut-Slope CS-21 

Direction Slope Faces:   
 

Northwest 

Slope Parameters: 
 

32± ft. high;  2:1 gradient 

Cross Sections:  
 

None 

Anticipated Geologic Conditions: 
 

TQs bedrock anticipated to be dipping steeper than the 
proposed cut-slope face; grossly stable 
 

Mitigation Measures: 
 

N/A 

 
 

PROPOSED CUT-SLOPE CS-23 
 

Location:  
 

Plate II - Offsite, North of Lot 193 

Direction Slope Faces:   
 

South to Southwest 

Slope Parameters: 
 

40± ft. high; 2:1 gradient 

Cross Sections:  
 

None 

Anticipated Geologic Conditions: 
 

TQs bedrock dipping an average of 30° towards the south 
and is anticipated to be steeper than the proposed cut-slope 
face; grossly stable 
 

Mitigation Measures: 
 

N/A 
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PROPOSED CUT-SLOPE CS-24 
 

Location:  
 

Plate II - South of Lots 187 & 188 

Direction Slope Faces:   
 

South to Southwest 

Slope Parameters: 
 

30± ft. high; 2:1 gradient  

Cross Sections:  
 

None 

Anticipated Geologic Conditions: 
 

TQs bedrock dipping an average of 30° towards the south 
which is steeper than the proposed cut-slope face; grossly  
stable 
 

Mitigation Measures: 
 

N/A 

 
 

PROPOSED CUT-SLOPE CS-25 
 

Location:  
 

Plate II - West of Lots 178 & 179 

Direction Slope Faces:   
 

West 

Slope Parameters: 
 

26± ft. high; 6:1 gradient 

Cross Sections:  
 

None 

Anticipated Geologic Conditions: 
 

TQs bedrock dipping an average of 30° towards the south 
and is anticipated to be oriented neutral to the proposed 
cut-slope face; grossly stable 
 

Mitigation Measures: 
 

N/A 
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PROPOSED CUT-SLOPE CS-26 
 

Location:  
 

Plate II - North of Lot 179 

Direction Slope Faces:   
 

South 

Slope Parameters: 
 

30± ft. high; 2:1 gradient 

Cross Sections:  
 

None 

Anticipated Geologic Conditions: 
 

TQs bedrock dipping an average of 31° towards the south, 
which is steeper than the proposed cut-slope face; grossly 
stable but fill over cut condition anticipated along entire 
proposed cut-slope. 
 

Mitigation Measures: 
 

Remove the cut portion of the proposed slope to a terrace 
bench or to the proposed toe of slope and replace with 
Certified Engineered Fill. 

 
 

PROPOSED CUT-SLOPE CS- 27 
 

Location:  
 

Plate II - North of Lot 139 
 

Direction Slope Faces:   
 

Southwest 

Slope Parameters: 
 

30± ft. high; 2:1 gradient 

Cross Sections:  
 

None 

Anticipated Geologic Conditions: 
 

TQs bedrock dipping an average of 30° towards the south 
which is steeper than the proposed cut-slope face; grossly 
stable 
 

Mitigation Measures: 
 

N/A 
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PROPOSED CUT-SLOPE CS-28 
 

Location:  
 

Plate II - North of Lot 151 

Direction Slope Faces:   
 

South to Southwest 

Slope Parameters: 
 

41± ft. high; 2:1 gradient 

Cross Sections:  
 

None 

Anticipated Geologic Conditions: 
 

TQs; Bedrock dipping an average of 29° towards the south 
which is steeper than the proposed cut-slope face; grossly 
stable 
 

Mitigation Measures: 
 

N/A 

 
 

PROPOSED CUT-SLOPE CS-29 
 

Location:  
 

Plate II - south of Lots 120 & 121 

Direction Slope Faces:   
 

Southeast 

Slope Parameters: 
 

35± ft. high; 3:1 gradient 

Cross Sections:  
 

None 

Anticipated Geologic Conditions: 
 

TQs; Bedrock dipping an average of 30° towards the 
southeast which is steeper than the proposed cut-slope 
face; grossly stable 
 

Mitigation Measures: 
 

N/A 
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PROPOSED CUT-SLOPE CS-30 
 

Location:  
 

Plate I - Adjacent to Lot 38 

Direction Slope Faces:   
 

North and West 

Slope Parameters: 
 

25± ft. high; 2:1 gradient 

Cross Sections:  
 

None 

Anticipated Geologic Conditions: 
 

North-facing portion - TQs bedrock dipping an average of 
32° towards the north which is steeper than the proposed 
cut-slope face; West-facing portion - bedding anticipated 
neutral to the proposed cut-slope face; grossly stable 
 

Mitigation Measures: 
 

N/A 
 

 
 

PROPOSED CUT-SLOPE CS-31 
 

Location:  
 

Plate I - North and east of Lot 1 - CS-31 

Direction Slope Faces:   
 

North and East 

Slope Parameters: 
 

25± ft. high; 2:1 gradient 

Cross Sections:  
 

None 

Anticipated Geologic Conditions: 
 

North-facing portion - TQs bedrock potentially dipping out 
of the proposed cut-slope face- geologically unstable; 
East-facing portion - TQs bedrock dipping towards the 
north essentially neutral to the proposed east-facing slope 
face; grossly stable 
 

Mitigation Measures: 
 

Buttress required for the north-facing portion of the 
proposed cut-slope 
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PROPOSED CUT-SLOPE CS-32 
 

Location:  
 

Plate I - East of Lot 1 

Direction Slope Faces:   
 

West 

Slope Parameters: 
 

27± ft. high; 2:1 gradient 

Cross Sections:  
 

None 

Anticipated Geologic Conditions: 
 

TQs bedrock dipping 14 to 23° towards the north which is 
essentially neutral to the proposed cut-slope face; grossly 
stable 
 

Mitigation Measures: 
 

N/A 

 
 

PROPOSED CUT-SLOPE CS-33 
 

Location:  
 

Plate I & Plate II - Southeast of Lot 3 

Direction Slope Faces:   
 

Southeast 

Slope Parameters: 
 

60± ft. high; 2:1 gradient 

Cross Sections:  
 

None 

Anticipated Geologic Conditions: 
 

TQs bedrock dipping 9 to 14° towards the northeast which 
is into the proposed cut-slope face; grossly stable but fill 
over cut condition is anticipated. 
 

Mitigation Measures: 
 

Remove cut portion of slope to a proposed terrace bench or 
toe of slope and construct a fill slope utilizing a keyway 
and backcut.  
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PROPOSED CUT-SLOPE CS-34 
 

Location:  
 

Plate II - South of Proposed Cut Slope CS-7 
 

Direction Slope Faces:   
 

South to Southwest 

Slope Parameters: 
 

75± ft. high; 2:1 gradient 

Cross Sections:  
 

7-7’ 

Anticipated Geologic Conditions: 
 

Quaternary landslide material anticipated to be exposed 
within the proposed cut-slope face; surficially unstable 
 

Mitigation Measures: 
 

Stability Fill required. 
 
See cross section 7-7’, illustrating the design mitigation, 
located within the Mitigation Summary (Appendix G) of 
this report. 
 
See the Landslide Summary for details on Landslide Qls-7. 

 

Allan E. Seward Engineering Geology, Inc.     Geology and Geotechnology 



Hasley Canyon Land Company, L.L.C.  Job No: 98-1617-4 
January 15, 1999  Page 21 

 
 

PROPOSED CUT-SLOPE CS-35 
 

Location:  
 

Plate II - Within golf course area at the southwest portion 
of the site. 
 

Direction Slope Faces:   
 

Easterly 

Slope Parameters: 
 

40± ft. high; 3:1 gradient 

Cross Sections:  
 

None 

Anticipated Geologic Conditions: 
 

Axis of syncline traverses the proposed cut-slope; 
Quaternary terrace deposits will possibly be exposed 
within the cut-slope face; southern portion of the slope is 
located within the proposed recommended Building 
Setback Zone.  Due to the complexity of faulting within 
this zone, the exact location, orientation and engineering 
characteristics of the potential fault cannot be precisely 
determined until the slope is graded.  This is characteristic 
of all fault zones. 
 
 

Mitigation Measures: 
 

A Stabilization Fill is required for that portion of the slope 
within the recommended Building Setback Zone.  During 
the grading operations the backcut and keyway excavation 
will be geologically logged in detail and cross sections will 
be provided to our soils engineer for additional analysis (if 
necessary) relative to the gross stability of the slope.  
These cross sections and backcut and keyway logs will be 
presented in our geologic report approving Rough Grading.  
A Stabilization Fill is also required for the portion of the 
cut-slope exposing the Quaternary Terrace deposits. 
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PROPOSED CUT-SLOPE CS-36 
 

Location:  
 

Plate II - Southeast of Lots 120-122 within the proposed 
golf course area 
 

Direction Slope Faces:   
 

Northwest 

Slope Parameters: 
 

35± ft. high; 3:1 gradient 

Cross Sections:  
 

None 

Anticipated Geologic Conditions: 
 

TQs bedrock dipping into the proposed cut-slope face; 
grossly stable 
 

Mitigation Measures: 
 

N/A 

 
 

PROPOSED CUT-SLOPE CS-37 
 

Location:  
 

Plate II - Adjacent to proposed Cut-Slope CS-36 within the 
proposed golf course 
 

Direction Slope Faces:   
 

Southeast 

Slope Parameters: 
 

45± ft. high; 3:1 gradient 

Cross Sections:  
 

None 

Anticipated Geologic Conditions: 
 

TQs bedrock dipping an average of 30° towards the 
southwest which is steeper than the proposed cut-slope 
face; grossly stable 
 

Mitigation Measures: 
 

N/A 
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PROPOSED CUT-SLOPE CS-38 

 
Location:  
 

Plate II - East of Lots 132 and 133 within the proposed 
golf course area 
 

Direction Slope Faces:   
 

South 

Slope Parameters: 
 

35± ft. high; 3:1 gradient 

Cross Sections:  
 

None 

Anticipated Geologic Conditions: 
 

TQs bedrock dipping an average of 31° toward the south 
which is steeper than the proposed cut-slope face; grossly 
stable 
 

Mitigation Measures: 
 

N/A 

 
 

PROPOSED CUT-SLOPE CS-39 
 

Location:  
 

Plate II - East of proposed Cut-Slope CS-38 within the 
proposed golf course 
 

Direction Slope Faces:   
 

South 

Slope Parameters: 
 

35± ft. high; 3:1 gradient 

Cross Sections:  
 

None 

Anticipated Geologic Conditions: 
 

TQs bedrock dipping 29-34° towards the south which is 
steeper than the proposed cut-slope face; grossly stable 
 

Mitigation Measures: 
 

N/A 
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PROPOSED CUT-SLOPE CS-40  

 
Location:  
 

Plate II - Northeast of the proposed golf course clubhouse 
parking area; merge northerly into Cut-Slope CS-5. 
 

Direction Slope Faces:   
 

Southwest 

Slope Parameters: 
 

35± ft. high; 2:1 gradient 

Cross Sections:  
 

None 

Anticipated Geologic Conditions: 
 

The southern portion of the cut-slope located within the 
recommended Building Setback Zone.  Numerous minor 
faults and bedding shears oriented essentially neutral to the 
proposed cut-slope face.  Due to the complexity of faulting 
within this zone, the exact location, orientation and 
engineering characteristics of the potential faults cannot be 
precisely determined until the slope is graded.  This is 
characteristic of ALL fault zones. 
 

Mitigation Measures: 
 

A Stability Fill is required for that portion of the slope 
within the Building Setback Zone.  During the grading 
operations the backcut and keyway excavations will be 
geologically logged in detail and cross sections will be 
provided to our Soils Engineer for additional analysis (if 
necessary) relative to the gross stability of the slope.  
These cross sections and backcut and keyway logs will be 
presented in our geologic report approving Rough Grading. 
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PROPOSED CUT-SLOPE CS-41  
 

Location:  
 

Plate II - West of proposed clubhouse within the Golf 
Course playing area. 
 

Direction Slope Faces:   
 

South 

Slope Parameters: 
 

70± ft. high; 2:1 gradient 

Cross Sections:  
 

None 

Anticipated Geologic Conditions: 
 

TQs bedrock dipping towards 30-41° towards the south, 
which is steeper than the proposed slope face; grossly 
stable. 

 
Mitigation Measures: 
 

 
N/A 
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1.0  INTRODUCTION 

 
By an examination of boring data for the site, in-situ subsurface soils inherently (based on 
high to very high blow counts) reveal low potential for significant liquefaction and seismic 
settlement, thus making further analyses unwarranted.  However, in an effort to provide a 
quantitative estimate (although expected to be low) of seismic settlements, we have 
performed the following detailed liquefaction potential and seismic settlement analyses. 
 
2.0  DATA AND ASSUMPTIONS 
 
A design earthquake magnitude of 7.0 and a maximum peak horizontal ground acceleration 
of 0.54g were used for the liquefaction analysis.  These values were obtained as indicated in 
Appendix E of this report. 
  
Data included soil types, ground water level and blow counts obtained from the rotary wash 
boring RW-1 drilled in an area underlain by granular alluvial deposits.  The enhanced boring 
log  is included in this appendix.  The approximate boring location is shown on the geologic 
and geotechnical map. 
 
For analysis, a conservative and perched ground water depth of 26 feet was used.  Historic 
ground water depth is estimated to be deeper than 40 feet. 
 
This analysis is based on the references provided at the end of this Appendix.  Liquefiable 
zones are based upon the premise that liquefaction potential exists if the resisting stress 
(Strength) against liquefaction is less than the earthquake-induced stress; this is to say, a 
stress ratio or factor of safety less than unity.  However, the earthquake-induced settlement 
analysis considers zones that may settle somewhat even though the factor of safety may be 
greater than one (i.e. a non-liquefaction condition). 
 
3.0  ASSESSMENT OF LIQUEFACTION POTENTIAL 

 
3.1   Method and Locations Analyzed 

 
Liquefaction is a phenomenon whereby a saturated granular soil temporarily loses its 
strength because of the buildup of pore water pressure during seismic excitation.   This 
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loss of strength may cause structures founded on these soils to experience subsidence 
and/or lateral movement.  Thus, for liquefaction to occur loose to medium granular soils 
need to be below the ground water. 

 
Liquefaction potential analyses are performed by a method proposed by Seed, et al. 
(1984).  Some data provided by the liquefaction analyses are used for the evaluation of 
earthquake-induced settlements.  Per Seed’s method, the earthquake-induced stresses at 
any depth are estimated and compared with empirically-based stresses (strength) for sites 
where liquefaction has occurred. 

 
The location of boring RW-1, considered critical for liquefaction potential analyses was 
selected based on a careful examination of soil types (e.g. sands to silty sands), and blow 
count data.  Blow count data is high to very high thus making liquefaction very unlikely 
to occur.  However, earthquake-induced settlements may occur in moist soils even 
though liquefaction is not expected.  To estimate these settlements it is necessary to 
calculate first basic data obtained by a simulated “liquefaction” analysis.  This analysis is 
presented in Page 1 of the calculation sheet which provides blow count corrections and 
induced stresses. 

 
4.0  ESTIMATION OF EARTHQUAKE-INDUCED SETTLEMENTS 
 

4.1   Method of Analysis 
 

Earthquake-induced settlements are estimated using procedures presented by Tokimatsu 
and Seed (1987) for dry/moist soils (above the water table) and saturated sands.  Based 
on very high blow count data (See RW-1 boring log), seismic settlements in the saturated 
sands are expected to be negligible. 
 
Volumetric strains for sands above the water table were estimated using the blow counts 
and cyclic shear strain.  The volumetric strain was then doubled to account for 
multidirectional effects (the volumetric strain data were originally obtained from one-
dimensional laboratory testing).  Settlement was obtained by multiplying the thickness of 
the soil layer by the calculated volumetric strain. 

 
Blow counts used in the settlement calculations above the water table were not corrected 
for fines content (but were corrected for other factors used in the “liquefaction” potential 
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assessment).  Although the referenced procedure applies to both silty and clean sands, the 
use of the blow counts without corrections for fines content produces more conservative 
results. 

 
4.2   Calculations 

 
Calculations for the estimation of earthquake-induced settlements are presented in the 
attached spread sheet. 

 
4.3   Results of Earthquake-Induced Settlement Analysis 

 
The results of the analyses indicate a seismic settlement less than 0.1 inch.  For practical 
purposes, a conservative total settlement of 0.5 inch may be assumed. 
 
Considering procedural conservatism and the above results, differential settlements are 
expected to be not significant overall and also no greater than 0.5 inch in a horizontal 
distance of 30 feet.  This assumes (conservatively from the differential settlement 
standpoint) that the total settlement in an area near the augumented location of the 
maximum settlement of 0.5 inch is zero. 

 
5.0  CONCLUSIONS 
 
1. The results of these analyses indicate that significant liquefaction-is not expected at this 

site. 
 
2. More important than the identification of zones of potential liquefaction are the 

settlements caused by seismic excitation.  The potential seismically-induced 
settlements in subsurface soils at the site are very small, as expected by our initial 
examination of data.  The maximum cumulative calculated settlement is 0.1 inch 
(augmented to 0.5 inch), and as indicated previously, differential settlements are 
expected to be not greater than 0.5 inch in a distance of 30 ft.  Furthermore, some 
recompaction has been recommended and certified compacted fill will be added 
throughout the site, thus diminishing the likelihood of liquefaction to occur. 

 
No lateral spreading due to liquefaction is expected at this site because significant 
liquefaction is not anticipated.  Also, seismic settlements are considered to be minimal 
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at the site.  It should be noted that the settlement calculations include multi-directional 
effects in the volumetric strains.  Furthermore, subsurface soils are essentially 
horizontally layered. 

 
6.0  RECOMMENDATIONS 

 
1. Owing to the low magnitude of estimated conservative earthquake-induced total and 

differential settlements and some recompaction proposed during grading, special 
measures to further mitigate these settlements are considered to be unnecessary. 

 
The following attachments are located within the Appendix: 
 
Attachment 1 
 

• Calculations for Assessment of Liquefaction Potential and Earthquake-Induced Settlements 
  RW-1 
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1.0  EVALUATION OF POTENTIAL SEISMIC HAZARDS 
 

1.1   Ground Rupture 
 

1.1.1   Introduction 
 
Review of CDMG Special Publication 42 indicates that the nearest fault designated as 
an active earthquake fault zone under Alquist-Priolo criteria is the San Gabriel Fault, 
which is located 3 km northeast of the site.  Review of the Los Angeles County 
Safety Element indicates that the nearest active fault per County criteria is the Holser 
Fault, which is located approximately 1 kilometer south of the site.  No faults, which 
have been active in the last 11,000 years (Holocene time), are known to traverse the 
site.   
 
Review of the published maps covering the site by Yeats, et al. (1985), Barrows 
(1986), Dibblee (1993) and Yerkes and Campbell (1995) indicates that there are no 
faults on the site, but that there are different interpretations of the bedrock structural 
geometry underlying the site.  Review of Weber (1982) indicates possible faulting on 
the site along a northeast-trending synclinal fold axis.  Owing to the inconsistency in 
published interpretations of the site geology and possible presence of faulting, a 
detailed subsurface investigation was completed by this firm to delineate the bedrock 
structure and evaluate any evidence for faulting. 
 
1.1.2   Geologic Fault Investigation 

 
1.1.2.1 Background 
 

Although new faults may well develop during a seismic event, significant ground 
rupture is generally expected to occur along pre-existing fault breaks.  Ground rupture 
cannot be prevented; therefore, mitigation of the ground rupture hazard involves 
identifying major faults which exhibit evidence for potential ground rupture in the 
near future and avoiding construction over their surface traces.  Recognition and 
mapping of these pre-existing, active fault breaks is accomplished by review of 
published literature, field mapping, evaluation of aerial photo-lineaments, and by 
excavating appropriate trenches.   
 

1.1.2.2 Aerial Photograph Analysis 
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Review of the aerial photographs referenced at the beginning of this report 
revealed the presence of four fairly strong photo lineaments on the subject site, 
two of which trend northwest and two of which trend east-west.  No distinct 
lineation was observed along the syncline trace.  No distinct geomorphic features 
associated with active faulting such as offset drainages, shutter ridges or scarps 
were observed along any of the photo lineaments or elsewhere on the site. 
 
1.1.2.3 Subsurface Investigation 
 
In order to evaluate the observed photo lineaments and possible faulting mapped 
by Weber, we conducted a detailed subsurface investigation.  Our investigation 
included a total of 220 trenches excavated to a maximum depth of approximately 
17 feet including 5,924.5 lineal feet of fault trenches (See Geologic Map).  
Because the upper 3 to 7 feet of material exposed in our excavations was 
commonly soil, slopewash or highly weathered bedrock, we commonly used a 
dozer to remove the upper 3 to 7 feet of material prior to trenching.  This allowed 
the field geologist to observe relatively unweathered bedrock at depth while 
providing stability for the excavation. 
 
Our subsurface investigation initially concentrated on the observed photo 
lineaments and fold axis mapped by Weber.  No evidence of northwest-trending 
faulting was observed in our trenches along the northwest-trending photo 
lineaments on the northwestern portion of the site (see Trenches T-1, T-2, T-7 & 
T-8).  These lineaments are, therefore, apparently the result of other non-tectonic 
causes, such as changes in lithology. 
 
Trenches T-9, T-10, T-11, T-12, T-23, T-24 and T-155 were excavated across the 
east-west-trending photo lineaments on the southeastern portion of the site.  No 
faults directly correlating with these lineaments were found.  However, a zone of 
faulting was observed along the northern limb of an anticline. The observed 
deformation typically consists of strongly sheared, north-dipping mudstone and 
claystone beds and moderate to low angle faults, which dip primarily to the south.   
No primary, through-going fault was identified within this zone. 
 
Trenches T-3 and T-8 were excavated across the trace of the northeast-trending 
syncline mapped by Weber.  No evidence of faulting was observed along the fold 
axis.  However, a zone of faulting was observed parallel to the fold in Trenches T-
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9, T-10, T-11, T-12, T-23 and T-24 along the southern limb of the syncline.  This 
faulting was observed to dissipate in intensity toward the east.  The observed 
deformation typically consists of strongly sheared, north-dipping mudstone and 
claystone and silty sandstone beds and moderate to low angle faults, which dip 
primarily to the north.  No primary, through-going fault was identified within this 
zone. 
 
In summary, a tectonically deformed zone is present on the southern portion of 
the site along the north-dipping fold limb between the mapped syncline and 
anticline fold traces.  The zone trends roughly east west, parallel to the syncline in 
the western portion of the site.  The main zone of deformation then apparently 
bends to the southeast on the southeastern portion of the site.  No primary, 
through-going fault was identified within this zone. 
 

1.1.3   Age of Deformation 
 
The faulting observed in our trenches was restricted entirely to the Saugus Formation 
bedrock.  However, in Trench No. T-11 (See Plate XIV) the terrace deposits are 
apparently warped from horizontal up to 23° adjacent to a strongly sheared, reddish-
brown clayey siltstone unit of the Saugus Formation.  These terrace deposits are 
located approximately 80 feet above the adjacent canyon bottom at an elevation of 
approximately 1325 ft. but the age of these materials is not known with certainty at 
this time.  No evidence of tectonically disturbed alluvium or surficial materials, or 
distinct evidence of Holocene activity was observed during our investigation. 
 
1.1.4   Building Setback on VTT 52584 
 
A zone of tectonic deformation has been identified on the southern portion of VTT 
52584.  A Building Setback Zone is recommended and has been delineated which 
extends a minimum of 50 feet beyond the main zone of deformation and any faults 
which are considered potential ground rupture hazards (See Geologic/Geotechnical 
Maps - Plates I, II & III).  Local faults observed outside of this zone are considered 
subsidiary to the main zone and their potential for primary ground rupture is 
considered low to nonexistent because they do not exhibit evidence of activity, lateral 
continuity, or significant structure changes.  Although no direct evidence of Holocene 
activity was observed on the site, we have delineated a Building Setback based on the 
extensive degree of observed deformation, the association with folds which are 
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oriented consistently with the regional, compressional, tectonic stresses known to be 
active across the Transverse Ranges, and the observed deformation of Quaternary 
terrace deposits. 
 
The Building Setback Zone currently traverses the proposed golf course and portions 
of proposed residential lot nos. 10, 19, 66 and 201 through 206.  Structures for human 
occupancy, as defined in the Alquist-Priolo Act and County Policy, may not be 
constructed within the Building Setback Zone.  The zone of deformation should be 
geologically observed during future grading activities to verify the fault zone and 
evaluate any possible shifts in the fault zone resulting from changes in grade.   The 
Building Setback will be designated as a Restricted Use Area on the Final Map.  If 
the site is recorded prior to the completion of grading and any changes are 
subsequently made to the Building Setback Zone, the changes will have to be 
recorded by separate instrument. 
 

1.2   Ground Motion 
 

1.2.1   Introduction 
 
Ground motion is generated during an earthquake as two blocks of the earth’s crust 
slip past each other.  The intensity of ground motion at a specific site is controlled 
primarily by the magnitude of the earthquake and the distance from the epicenter 
and/or ground rupture area.  Ground motion generally increases with increasing 
magnitude and is generally greatest near the epicenter and/or rupture area, and 
decreases (attenuates) with increasing distance.  However, the ground motion 
measured at a given site is modified by a number of factors including focal depth, 
proximity to projected or actual fault rupture, fault mechanism, duration of shaking, 
local geologic structure, source direction of earthquake, underlying earth material 
characteristics, and topography.  All of these factors make it difficult to accurately 
predict potential ground motions at a given site in the geologically and 
topographically complex Southern California area. 
 
Current methods used to evaluate future potential ground motions are based on the 
review of historic earthquakes and statistical distributions of both rupture dimensions 
and ground motions generated during these earthquakes.  Three primary procedures 
are currently in use to evaluate potential ground motions at a site: 
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1. Review of ground motions recorded during historic earthquakes 
2. Deterministic seismic hazard analysis (DSHA) 
3. Probabilistic seismic hazard analysis (PSHA) 

 
Procedure number one involves the use of historically recorded earthquake 
magnitudes and ground accelerations to estimate accelerations, which have occurred 
at a given site during known earthquake events.  Deterministic analysis (DSHA) 
utilizes maximum potential magnitude values for each significant fault to estimate 
maximum potential ground accelerations at a site without reference to a specific time 
frame.  A probabilistic analysis (PSHA) evaluates potential earthquake magnitudes 
and accelerations based on historic earthquake data and interpreted slip rates for each 
fault to estimate potential accelerations anticipated within a particular time frame 
(return period) of interest.  Review of Guidelines for Evaluating and Mitigating 
Seismic Hazards in California (CDMG, 1997a) indicates that potential ground motion 
should be evaluated using simple prescribed parameter values derived from published 
State maps (Petersen, et al., 1996; SHMA Quadrangle Maps) or by site specific 
probabilistic or deterministic analyses.  Because the guidelines state that published 
maps are not recommended for sites located very near to seismic sources, site specific 
analyses have been completed for our evaluation of the site. 
 
1.2.2   Earthquake Magnitude 
 
Earthquake magnitude is a quantitative measure of the strength of an earthquake or 
the strain energy released by it, as determined by seismographic or geologic 
observations.  It does not vary with distance or the underlying earth material.  This 
differs from intensity, which is a qualitative measure of the effects a given 
earthquake has on people, structures, loose objects, and the ground at a specific 
location.  Intensity generally increases with increasing magnitude and in areas 
underlain by unconsolidated materials, and decreases with distance from the 
epicenter.  Figure E-2 gives the 1956 version of the Modified Mercalli intensity scale 
and the approximate magnitude necessary to generate the effects. 
 
In the past, potential ground motions were evaluated using the maximum credible 
earthquake magnitude for critical facilities and the maximum probable earthquake 
magnitude for standard developments based on CDMG Note 43.  However, current 
CDMG Guidelines, Building Code Requirements, and County policies now use 
revised terminology.  CDMG guidelines suggest that a Maximum Magnitude be 
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estimated for each significant fault based on a maximum rupture size-to-magnitude 
relationship for use in deterministic analyses. In this report, maximum potential 
earthquake magnitudes for significant nearby faults to the site have been derived from 
Petersen et al. (1996) which utilizes historic displacements per event or the rupture 
area-to-magnitude relationships of Wells and Coppersmith (1994) to determine 
maximum moment magnitudes values.  The maximum magnitude for each fault 
(AMMAX) along with the minimum potentially damaging earthquake (AMMIN) are 
input parameters for probabilistic seismic hazard analysis.  
 
Review of the 1996 Los Angeles County Building Code (LACBC), which adopts 
portions of the 1994 Uniform Building Code (UBC), indicates that ground motions 
with a 10% chance of exceedance in 50 years should be utilized as a minimum to 
evaluate standard occupancy developments.  The earthquake which generates this 
level of ground motion is defined in Section 1651 of the Code as the Design Basis 
Earthquake.  The LACBC defines the Maximum Capable Earthquake as the 
maximum level of ground shaking which may ever be expected at the building site 
within the known geologic framework.  In Seismic Zones 3 and 4, this intensity may 
be taken as the level of earthquake ground motion that has a 10% probability of being 
exceeded in a 100-year period.  This level of ground motion is also designated as the 
upper-bound earthquake and is commonly used in the evaluation of school and 
hospital facilities (1995 California Building Code, Section 1629A.2). 
 
1.2.3   Ground Acceleration 
 
Ground motion is typically reported with respect to the acceleration of gravity in units 
of g.  Maximum, peak amplitudes in two perpendicular horizontal directions and the 
vertical axis are typically recorded during historic earthquakes on accelerograms.  
Site specific evaluation of potential ground motions requires the use of an attenuation 
relationship to estimate how ground acceleration will dissipate with increasing 
distance from the source.  The attenuation relationships of Boore et al. (1993a) for a 
random horizontal component, which includes modified coefficients to differentiate 
strike-slip from dip-slip faults (Blake, 1995a), has been utilized in this report.  This is 
also one of the relationships used by Petersen et al. (1996).   
 
It should be emphasized that the ground acceleration values presented in our report 
are based on simplified curves of fault rupture area to magnitude, and ground motion 
attenuation relationships which represent averages of highly variable data measured 
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during historic earthquakes.  Predicted accelerations should be considered rough 
estimates rather than precise facts and, therefore, ground accelerations at the subject 
site from future seismic events may exceed the predicted accelerations.  Due to the 
dip-slip nature of most of the faults in Southern California, vertical accelerations may 
equal horizontal accelerations.  Ground motions may originate from virtually any 
direction due to the presence of major faults in all directions from the site. 

 
1.2.4   Seismic Analysis - VTT 52584 

 
1.2.4.1 Site Conditions 

 
The elevated portions of the subject site are underlain primarily by bedrock of the 
Saugus Formation and local terrace deposits.  The larger tributary canyons on the 
eastern and southern margins of the site are underlain by Quaternary Alluvium as 
illustrated on the attached Geologic/Geotechnical Maps (Plates I, II & III).  The 
alluvium underlying the site typically consists of interbeds of silts, sands, and silty 
gravelly sands, and local gravels at depth. These alluvial materials have an 
average shear wave velocity of approximately 280 m/s which correlates with Site 
Class C of Boore et al. (1993a).  
 
1.2.4.2 Maximum Historic Accelerations 
 
In order to provide a rough estimate of maximum ground motions which have 
occurred at the site from known, historic earthquakes, a site specific analysis 
using the computer program EQSEARCH (Version 2.2) by Thomas F. Blake was 
completed.  This program utilizes a data base file that contains data on 
approximately 6000 events greater than magnitude 4 which have occurred in 
California between 1800 and 1995.  This data was extracted primarily from the 
CDMG computerized earthquake catalog, Townley and Allen (1939) and the U.S. 
Geological Survey’s Earthquake Data Base System.  The attenuation relationship 
of Boore et al. (1993a) with a random horizontal component and a Site Class C 
was used to estimate the dissipation of ground motion from the epicenter to the 
subject site.   
 
Table E-I summarizes the input parameters and a listing of earthquakes of 
magnitude 5 or greater which have occurred within 50 miles of the site, and the 
estimated ground motions produced at the site from each event.  A map 
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illustrating the location of these historic earthquakes was prepared for reference 
using the Grapher program (See Figure E-3).  The largest historic acceleration 
indicated by EQSEARCH for the alluvium at the site is 0.17 g from the 1971 San 
Fernando Earthquake.  However, because the rupture area of the 1994 Northridge 
Earthquake extended substantially north of the epicenter and closer to the site, the 
contour map of accelerations for bedrock and soil sites prepared by Stewart et al. 
(1994) for the Northridge Earthquake was consulted.  This map indicates that the 
alluvium at the site probably experienced ground accelerations of approximately 
0.34 g during the Northridge Earthquake (Figure E-4). 
 
1.2.4.3 Deterministic Seismic Hazard Analysis 
 
A deterministic seismic hazard analysis has been completed for the site utilizing 
the computer program EQFAULT (Version 2.2) by Thomas F. Blake.  Maximum 
Magnitude Values have been derived from Petersen, et al. (1996) and the 
relationships of Boore et al. (1993a) for Site Class C with a random horizontal 
component have been used to estimate ground motion attenuation.  Site-fault 
distances of significant faults (See Figure E-5) have been derived as specified by 
Boore et al. (1993a).  Parameters used in our deterministic analysis and a list of 
Maximum Magnitudes and estimated ground accelerations for faults within 50 
miles of the site are summarized in Table E-II.  The maximum deterministic 
ground acceleration estimated for alluvium at the site is 0.54 g, which would be 
generated by a 7.0 magnitude event on the San Gabriel Fault.  It is our 
understanding that the Geology Section of the Los Angeles County Department of 
Public Works prefers the deterministic method for estimating potential site 
specific ground accelerations. 
 
1.2.4.4 Probabilistic Seismic Hazard Analysis 
 
As described in Sections 1804.5 and 1629.2 in the 1996 LACBC and Chapter 4 of 
the CDMG Guidelines, the potential for liquefaction and soil strength loss has 
been evaluated for a site peak acceleration that has a 10% probability of being 
exceeded in 50 years (Design Basis Earthquake).  In order to provide a site 
specific, probabilistic seismic hazard analysis for the proposed development, the 
computer program FRISKSP (Version 3.0) by Thomas F. Blake was utilized.  The 
site was evaluated using the attenuation relationships of Boore et al. (1993a) for a 
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Site Class C with a random horizontal component.  Additional parameters for this 
analysis are provided on the first two pages of Table E-III.  
 
The dominant faults controlling maximum potential ground accelerations at the 
site include the San Gabriel, Santa Susana and Holser Faults (see Table E-III for 
Summaries of Significant Faults).  Site-fault distances based on the nearest 
surface projection of the fault rupture area per Boore et al. (1993a) for faults 
within 50 km of the site are summarized at the end of Table E-III.  Maximum 
magnitudes and slip rates for the significant faults have been derived from 
Petersen et al. (1996) where available.  It should be noted that slip rates for most 
faults are poorly constrained.  The peak ground acceleration with a 10% 
probability of exceedance in 50 years (design basis acceleration) was calculated to 
be 0.47 g for the alluvial portions of the site.  Graphic plots illustrating the 
probability of exceedance vs. acceleration and the average return period vs. 
acceleration have been created using the Grapher program and are included for 
reference in (see Figures E-6 & E-7).   
 

1.2.5   Summary 
 

The peak horizontal ground acceleration value used in our liquefaction analysis was 
0.54 g from a 7.0 maximum magnitude earthquake on the San Gabriel Fault based on 
our deterministic evaluation of the site.   
 
Although research on earthquakes during the last forty years has greatly enhanced the 
level of understanding of earthquake faulting in California, the record is much too 
short to constrain behavior of all faults in Southern California and the attenuation 
characteristics of all areas relative to each future potential earthquakes.  Predicted 
accelerations should, therefore, be considered rough estimates rather than precise 
facts and ground motions from future earthquakes may exceed the predicted 
accelerations.  Neither the Time, Location, nor Magnitude of an earthquake can be 
accurately predicted at this time. 
 
The proposed development is located in Southern California, which is in a 
geologically and seismically active region where large magnitude, potentially 
destructive earthquakes are common.  Therefore, it is reasonable to assume that 
moderate or large magnitude earthquakes will affect the site during the life of a given 
structure.  The current standards for construction provided in the Los Angeles County 
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Building Code are designed to safeguard against major failures and loss of life, but 
are not intended to limit damage, maintain functions or provide for easy repair.  
Conformance to these recommendations does not constitute any kind of guarantee or 
assurance that significant structural damage will not occur in the event of a maximum 
level of earthquake ground motion.  However, it is reasonable to expect that a well-
planned and constructed structure will not collapse in a major earthquake and that 
protection of life is reasonably provided, but not with complete assurance. 

 
1.3   Ground Failure 

 
Ground failure is a general term describing seismically induced secondary permanent 
ground deformation caused by strong ground motion.  This includes liquefaction, lateral 
spreading, seismic settlement of poorly consolidated materials (dynamic densification), 
differential materials response, slope failures, sympathetic movement on weak bedding 
planes or non-causative faults, shattered ridge effects and ground lurching. 
 
A seismic hazards map for the Val Verde Quadrangle has not been released yet.  
However, the potential for liquefaction and lateral spreading on VTT 52584 has been 
evaluated based on subsurface rotary wash and hollow stem auger boring data, review of 
historic high ground water levels at the site, and potential peak horizontal ground 
accelerations estimated in our deterministic evaluation.  The potential for seismic 
settlement (dynamic densification) during future seismic events has also been evaluated 
(see Appendix D). 
 
Differential materials response refers to the different responses various materials display 
when subjected to seismic waves.   Where materials with different densities or strengths 
are in contact, differential response to the seismic energy may cause distress along the 
contact.  The combination of dynamic compaction and differential settlement along with 
differential materials response is a source of future potential hazard along cut/fill and 
bedrock/alluvium contacts.  It is, therefore, recommended that transition lots be over-
excavated 5 feet to minimize potential adverse impacts. 
 
Earthquake-induced slope failures include activation and reactivation of landslides, rock 
falls, debris flows and surficial failures.  Landslides and surficial failures which may have 
an adverse impact on VTT 52584 will be mitigated as discussed under the Engineering 
Geology Section of this report.  Natural slopes and proposed cut-slopes which are 
anticipated to expose unsupported (daylighted) bedding conditions adjacent to the 
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proposed development have been evaluated for pseudostatic stability and appropriate 
mitigation has been recommended where necessary (See Appendix F).  The potential 
hazard to the proposed development from the seismic activation or reactivation of slope 
failures is, therefore, considered negligible, provided that our Recommendations and 
those of the Supervising Civil Engineer are incorporated into the proposed design and 
implemented during construction. 
 
The specific location of future potential sympathetic movement along weak planes (clay 
beds and noncausative faults) cannot be reliably predicted on a site specific basis at this 
time.  The portions of VTT 52584 underlain by horizontally bedded Quaternary Alluvium 
are not subject to bedding plane slippage.  Overexcavation of clay-rich bedding planes of 
the Saugus Formation and subsequent placement of a certified fill cap has been 
recommended to mitigate potential hazards from expansive material, and this certified fill 
will also reduce potential hazards from potential secondary seismogenic movement along 
bedding planes or noncausative faults.  
 
VTT 52584 is traversed by syncline near the center of the tract and an anticline located at 
the southern portion of the site.  Current research suggests the possibility of significant 
seismic activity associated with folding (Stein and Yeats, 1989).  Tightening of folds 
during regional compression and anticlinal folding above blind thrust faults could 
potentially cause ground surface distress as was noted during the Coalinga, Whittier 
Narrows and Northridge Earthquakes.  Distress may involve uplift and tensional 
cracking, tilting, and/or flexural slip along bedding.  However, it is not currently feasible 
to evaluate potential deformation associated with coseismic folding on a site-specific 
basis. 
 
The existing narrow ridge line areas on the portions of the subject site proposed for 
development will be lowered during the proposed grading to create flat pad areas.  The 
potential hazard to the building sites from shattered ridge effects is, therefore, considered 
negligible.  
 

Allan E. Seward Engineering Geology, Inc.     Geology and Geotechnology 



Hasley Canyon Land Company, L.L.C.  Job No: 98-1617-4 
January 15, 1999   Page E-14 

Allan E. Seward Engineering Geology, Inc.     Geology and Geotechnology 

Appendix E  
 
Summary Table of EQSEARCH Parameters and Output    Table E-1 
Summary Table of EQFAULT Parameters and Output    Table E-II 
Summary Table of FRISKSP Parameters and Output    Table E-III 
 
Fault and Earthquake Epicenter Location Map     Figure E-1 
Modified Mercalli Scale, 1956 Version      Figure E-2 
Historic Earthquakes, 1800-1995 (EQSEARCH)     Figure E-3 
Contours of Maximum Acceleration - Northridge Earthquake  

(Stewart, et al., 1994)        Figure E-4 
California Fault Map (EQFAULT)      Figure E-5 
Probability of Exceedance  vs. Acceleration (FRISKSP)    Figure E-6 
Average Return Period vs. Acceleration (FRISKSP)    Figure E-7 



TABLE E-I 
 
 
 
                  *************************************** 
                  *                                     * 
                  *           E Q S E A R C H           * 
                  *                                     * 
                  *              Ver. 2.20              * 
                  *                                     * 
                  *                                     * 
                  *************************************** 
 
 
               (Estimation of Peak Horizontal Acceleration 
                   From California Earthquake Catalogs) 
 
SEARCH PERFORMED FOR:  Palmer Investments 
 
DATE: Tuesday, July 14, 1998                   
 
JOB NUMBER:  98-1617-4 
 
JOB NAME:  Hasley Canyon Golf Course/Residential 
 
SITE COORDINATES: 
   LATITUDE:  34.457  N 
   LONGITUDE:  118.633  W 
 
TYPE OF SEARCH:   RADIUS 
  SEARCH RADIUS:  50  mi 
 
 
SEARCH MAGNITUDES: 5.0 TO 9.0 
 
SEARCH DATES:  1800  TO  1995  
 
ATTENUATION RELATION:  3) Boore et al. (1993a) Horiz. - Random - Site Class C  
 
   UNCERTAINTY (M=Mean, S=Mean+1-Sigma): M 
 
   SCOND:  0  
 
   FAULT TYPE ASSUMED (DS=Reverse, SS=Strike-Slip): DS 
 
   COMPUTE PEAK HORIZONTAL ACCELERATION                                   
 
EARTHQUAKE-DATA FILE USED: ALLQUAKE.DAT 
 
TIME PERIOD OF EXPOSURE FOR STATISTICAL COMPARISON:  475  years 
 
SOURCE OF DEPTH VALUES (A=Attenuation File, E=Earthquake Catalog): A 
 
 
 
 
 
 
 
 
 
 
 
 



 
Page   1 
_______________________________________________________________________________ 
    |      |       |            |  TIME  |     |      | SITE  |SITE|  APPROX. 
FILE| LAT. | LONG. |    DATE    |  (GMT) |DEPTH|QUAKE |  ACC. | MM |  DISTANCE 
CODE|NORTH | WEST  |            | H M Sec| (km)| MAG. |   g   |INT.|  mi  [km] 
----|------|-------|------------|--------|-----|------|-------|----|----------- 
T-A |34.000|118.250|  9/23/1827 | 0 0 0.0|  5.6| 5.00 | 0.038 |  V |  38 [  62] 
DMG |34.000|119.000|  9/24/1827 | 4 0 0.0|  5.6| 7.00 | 0.109 | VII|  38 [  61] 
T-A |34.830|118.750| 11/27/1852 | 0 0 0.0|  5.6| 7.00 | 0.144 |VIII|  27 [  43] 
MGI |34.100|118.100|  7/11/1855 | 415 0.0|  5.6| 6.30 | 0.074 | VII|  39 [  63] 
T-A |34.000|118.250|  1/10/1856 | 0 0 0.0|  5.6| 5.00 | 0.038 |  V |  38 [  62] 
T-A |34.920|118.920|  1/20/1857 | 0 0 0.0|  5.6| 5.00 | 0.040 |  V |  36 [  58] 
T-A |34.920|118.920|  5/23/1857 | 0 0 0.0|  5.6| 5.00 | 0.040 |  V |  36 [  58] 
T-A |34.000|118.250|  3/26/1860 | 0 0 0.0|  5.6| 5.00 | 0.038 |  V |  38 [  62] 
DMG |34.800|119.100|  9/ 5/1883 |1230 0.0|  5.6| 6.00 | 0.068 | VI |  36 [  57] 
DMG |34.200|117.900|  8/28/1889 | 215 0.0|  5.6| 5.50 | 0.043 | VI |  45 [  73] 
DMG |34.300|118.600|  4/ 4/1893 |1940 0.0|  5.6| 6.00 | 0.163 |VIII|  11 [  18] 
MGI |34.000|118.000| 12/25/1903 |1745 0.0|  5.6| 5.00 | 0.032 |  V |  48 [  77] 
MGI |34.000|118.300|  9/ 3/1905 | 540 0.0|  5.6| 5.30 | 0.046 | VI |  37 [  59] 
MGI |34.000|119.000| 12/14/1912 | 0 0 0.0|  5.6| 5.70 | 0.055 | VI |  38 [  61] 
DMG |34.900|118.900| 10/23/1916 | 244 0.0|  5.6| 6.00 | 0.070 | VI |  34 [  55] 
DMG |34.700|119.000| 10/23/1916 | 254 0.0|  5.6| 5.50 | 0.065 | VI |  27 [  43] 
MGI |34.000|118.500| 11/19/1918 |2018 0.0|  5.6| 5.00 | 0.043 | VI |  32 [  52] 
DMG |35.000|119.000|  2/16/1919 |1557 0.0|  5.6| 5.00 | 0.035 |  V |  43 [  69] 
MGI |34.080|118.260|  7/16/1920 |18 8 0.0|  5.6| 5.00 | 0.042 | VI |  34 [  54] 
DMG |34.500|119.500|  6/29/1926 |2321 0.0|  5.6| 5.50 | 0.040 |  V |  49 [  80] 
DMG |34.000|118.500|  8/ 4/1927 |1224 0.0|  5.6| 5.00 | 0.043 | VI |  32 [  52] 
DMG |34.500|119.500|  8/ 5/1930 |1125 0.0|  5.6| 5.00 | 0.031 |  V |  49 [  80] 
DMG |33.950|118.632|  8/31/1930 | 04036.0|  5.6| 5.20 | 0.045 | VI |  35 [  56] 
DMG |33.850|118.267|  3/11/1933 |1425 0.0|  5.6| 5.00 | 0.032 |  V |  47 [  75] 
DMG |34.867|118.933|  9/21/1941 |1953 7.2|  5.6| 5.20 | 0.047 | VI |  33 [  53] 
DMG |35.000|119.017|  7/21/1952 |115214.0|  5.6| 7.70 | 0.142 |VIII|  43 [  70] 
DMG |35.000|119.033|  7/21/1952 |12 2 0.0|  5.6| 5.60 | 0.047 | VI |  44 [  71] 
DMG |35.000|119.000|  7/21/1952 |12 531.0|  5.6| 6.40 | 0.072 | VII|  43 [  69] 
DMG |34.950|118.867|  7/21/1952 |121936.0|  5.6| 5.30 | 0.046 | VI |  37 [  59] 
DMG |35.133|118.767|  7/21/1952 |194122.0|  5.6| 5.50 | 0.042 | VI |  47 [  76] 
DMG |35.000|118.833|  7/23/1952 | 75319.0|  5.6| 5.40 | 0.046 | VI |  39 [  63] 
DMG |35.000|118.833|  7/23/1952 |181351.0|  5.6| 5.20 | 0.041 |  V |  39 [  63] 
DMG |34.900|118.950|  8/ 1/1952 |13 430.0|  5.6| 5.10 | 0.042 | VI |  35 [  57] 
DMG |34.519|118.198|  8/23/1952 |10 9 7.1|  5.6| 5.00 | 0.052 | VI |  25 [  40] 
DMG |35.000|119.017|  1/12/1954 |233349.0|  5.6| 5.90 | 0.055 | VI |  43 [  70] 
DMG |35.150|118.633|  1/27/1954 |141948.0|  5.6| 5.00 | 0.032 |  V |  48 [  77] 
DMG |34.983|118.983|  5/23/1954 |235243.0|  5.6| 5.10 | 0.037 |  V |  41 [  67] 
DMG |34.941|118.987| 11/15/1961 | 53855.5|  5.6| 5.00 | 0.037 |  V |  39 [  63] 
DMG |34.932|118.976|  3/ 1/1963 | 02557.9|  5.6| 5.00 | 0.038 |  V |  38 [  61] 
DMG |34.411|118.401|  2/ 9/1971 |14 041.8|  5.6| 6.40 | 0.173 |VIII|  14 [  22] 
DMG |34.411|118.401|  2/ 9/1971 |14 1 8.0|  5.6| 5.80 | 0.126 |VIII|  14 [  22] 
DMG |34.411|118.401|  2/ 9/1971 |14 244.0|  5.6| 5.80 | 0.126 |VIII|  14 [  22] 
DMG |34.411|118.401|  2/ 9/1971 |141028.0|  5.6| 5.30 | 0.097 | VII|  14 [  22] 
DMG |34.308|118.454|  2/ 9/1971 |144346.7|  5.6| 5.20 | 0.088 | VII|  14 [  23] 
DMG |34.065|119.035|  2/21/1973 |144557.3|  5.6| 5.90 | 0.064 | VI |  35 [  57] 
PAS |33.944|118.681|  1/ 1/1979 |231438.9|  5.6| 5.00 | 0.040 |  V |  36 [  57] 
PAS |34.061|118.079| 10/ 1/1987 |144220.0|  5.6| 5.90 | 0.057 | VI |  42 [  67] 
PAS |34.073|118.098| 10/ 4/1987 |105938.2|  5.6| 5.30 | 0.042 | VI |  40 [  65] 
PAS |34.943|118.743|  6/10/1988 |23 643.0|  5.6| 5.40 | 0.051 | VI |  34 [  55] 
PAS |33.919|118.627|  1/19/1989 | 65328.8|  5.6| 5.00 | 0.039 |  V |  37 [  60] 
GSP |34.262|118.002|  6/28/1991 |144354.5|  5.6| 5.40 | 0.047 | VI |  38 [  62] 
GSP |34.213|118.537|  1/17/1994 |123055.4|  5.6| 6.70 | 0.167 |VIII|  18 [  29] 
GSB |34.301|118.565|  1/17/1994 |204602.4|  5.6| 5.20 | 0.104 | VII|  11 [  18] 
GSP |34.326|118.698|  1/17/1994 |233330.7|  5.6| 5.60 | 0.144 |VIII|  10 [  16] 
GSP |34.377|118.698|  1/18/1994 |004308.9|  5.6| 5.20 | 0.150 |VIII|   7 [  11] 
GSB |34.379|118.711|  1/19/1994 |210928.6|  5.6| 5.50 | 0.170 |VIII|   7 [  11] 
GSP |34.378|118.618|  1/19/1994 |211144.9|  5.6| 5.10 | 0.158 |VIII|   6 [   9] 
GSP |34.305|118.579|  1/29/1994 |112036.0|  5.6| 5.10 | 0.102 | VII|  11 [  18] 
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_______________________________________________________________________________ 
    |      |       |            |  TIME  |     |      | SITE  |SITE|  APPROX. 
FILE| LAT. | LONG. |    DATE    |  (GMT) |DEPTH|QUAKE |  ACC. | MM |  DISTANCE 
CODE|NORTH | WEST  |            | H M Sec| (km)| MAG. |   g   |INT.|  mi  [km] 
----|------|-------|------------|--------|-----|------|-------|----|----------- 
GSP |34.231|118.475|  3/20/1994 |212012.3|  5.6| 5.30 | 0.079 | VII|  18 [  29] 
GSP |34.394|118.669|  6/26/1995 |084028.9|  5.6| 5.00 | 0.162 |VIII|   5 [   8] 
******************************************************************************* 
-END OF SEARCH-   60  RECORDS FOUND 
 
COMPUTER TIME REQUIRED FOR EARTHQUAKE SEARCH:   0.1 minutes 
 
MAXIMUM SITE ACCELERATION DURING TIME PERIOD 1800 TO 1995:  0.173g 
 
MAXIMUM SITE INTENSITY (MM) DURING TIME PERIOD 1800 TO 1995: VIII 
 
MAXIMUM MAGNITUDE ENCOUNTERED IN SEARCH: 7.70 
 
NEAREST HISTORICAL EARTHQUAKE WAS ABOUT    5 MILES AWAY FROM SITE. 
 
NUMBER OF YEARS REPRESENTED BY SEARCH:  196  years 
 



 
                        RESULTS OF PROBABILITY ANALYSES 
                        ------------------------------- 
 
TIME PERIOD OF SEARCH:  1800  TO  1995  
LENGTH OF SEARCH TIME:  196  years 
ATTENUATION RELATION:  3) Boore et al. (1993a) Horiz. - Random - Site Class C  
*** TIME PERIOD OF EXPOSURE FOR PROBABILITY:  475  years 
 
PROBABILITY OF EXCEEDANCE FOR ACCELERATION 
------------------------------------------ 
__________________________________________________________________________ 
    |NO.OF| AVE. |RECURR.|       COMPUTED PROBABILITY OF EXCEEDANCE| 
ACC.|TIMES|OCCUR.|INTERV.|  in  |  in  |  in  |  in  |  in  |  in  |  in 
  g |EXCED| #/yr | years |0.5 yr|  1 yr| 10 yr| 50 yr| 75 yr|100 yr|*** yr 
----|-----|------|-------|------|------|------|------|------|------|------ 
0.01|   60| 0.306|  3.267|0.1419|0.2637|0.9532|1.0000|1.0000|1.0000|1.0000 
0.02|   60| 0.306|  3.267|0.1419|0.2637|0.9532|1.0000|1.0000|1.0000|1.0000 
0.03|   60| 0.306|  3.267|0.1419|0.2637|0.9532|1.0000|1.0000|1.0000|1.0000 
0.04|   46| 0.235|  4.261|0.1107|0.2092|0.9043|1.0000|1.0000|1.0000|1.0000 
0.05|   29| 0.148|  6.759|0.0713|0.1375|0.7723|0.9994|1.0000|1.0000|1.0000 
0.06|   24| 0.122|  8.167|0.0594|0.1152|0.7061|0.9978|0.9999|1.0000|1.0000 
0.07|   20| 0.102|  9.800|0.0497|0.0970|0.6396|0.9939|0.9995|1.0000|1.0000 
0.08|   17| 0.087| 11.529|0.0424|0.0831|0.5799|0.9869|0.9985|0.9998|1.0000 
0.09|   16| 0.082| 12.250|0.0400|0.0784|0.5579|0.9831|0.9978|0.9997|1.0000 
0.10|   15| 0.077| 13.067|0.0375|0.0737|0.5348|0.9782|0.9968|0.9995|1.0000 
0.11|   12| 0.061| 16.333|0.0301|0.0594|0.4579|0.9532|0.9899|0.9978|1.0000 
0.12|   12| 0.061| 16.333|0.0301|0.0594|0.4579|0.9532|0.9899|0.9978|1.0000 
0.13|   10| 0.051| 19.600|0.0252|0.0497|0.3996|0.9220|0.9782|0.9939|1.0000 
0.14|   10| 0.051| 19.600|0.0252|0.0497|0.3996|0.9220|0.9782|0.9939|1.0000 
0.15|    6| 0.031| 32.667|0.0152|0.0301|0.2637|0.7836|0.8993|0.9532|1.0000 
0.16|    5| 0.026| 39.200|0.0127|0.0252|0.2252|0.7207|0.8524|0.9220|1.0000 
0.17|    2| 0.010| 98.000|0.0051|0.0102|0.0970|0.3996|0.5348|0.6396|0.9921 
-------------------------------------------------------------------------- 
 
 
PROBABILITY OF EXCEEDANCE FOR MAGNITUDE 
--------------------------------------- 
__________________________________________________________________________ 
    |NO.OF| AVE. |RECURR.|       COMPUTED PROBABILITY OF EXCEEDANCE 
MAG.|TIMES|OCCUR.|INTERV.|  in  |  in  |  in  |  in  |  in  |  in  |  in 
    |EXCED| #/yr | years |0.5 yr|  1 yr| 10 yr| 50 yr| 75 yr|100 yr|*** yr 
----|-----|------|-------|------|------|------|------|------|------|------ 
5.00|   60| 0.306|  3.267|0.1419|0.2637|0.9532|1.0000|1.0000|1.0000|1.0000 
5.50|   23| 0.117|  8.522|0.0570|0.1107|0.6907|0.9972|0.9998|1.0000|1.0000 
6.00|   10| 0.051| 19.600|0.0252|0.0497|0.3996|0.9220|0.9782|0.9939|1.0000 
6.50|    4| 0.020| 49.000|0.0102|0.0202|0.1846|0.6396|0.7836|0.8701|0.9999 
7.00|    3| 0.015| 65.333|0.0076|0.0152|0.1419|0.5348|0.6827|0.7836|0.9993 
7.50|    1| 0.005|196.000|0.0025|0.0051|0.0497|0.2252|0.3180|0.3996|0.9114 
--------------------------------------------------------------------------- 
 
 
 GUTENBERG & RICHTER RECURRENCE RELATIONSHIP: 
 
 a-value=  3.368 
 b-value=  0.778 
 
 beta-value=  1.792 
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               ************************************* 
                      *                                   * 
                      *           E Q F A U L T           * 
                      *                                   * 
                      *             Ver. 2.20             * 
                      *                                   * 
                      *                                   * 
                      ************************************* 
 
                   (Estimation of Peak Horizontal Acceleration 
                        From Digitized California Faults) 
 
 
 
 SEARCH PERFORMED FOR:  Palmer Investments  
 
 DATE: Tuesday, July 14, 1998                   
 
 JOB NUMBER:  98-1617-4 
 
 JOB NAME:  Hasley Canyon Golf Course/Residential 
 
 SITE COORDINATES: 
    LATITUDE:  34.457  N 
    LONGITUDE:  118.633  W 
 
 SEARCH RADIUS:  50  mi 
 
 ATTENUATION RELATION:  3) Boore et al. (1993a) Horiz. - Random - Site Class C  
 
    UNCERTAINTY (M=Mean, S=Mean+1-Sigma): M 
 
    SCOND:  0  
 
    COMPUTE PEAK HORIZONTAL ACCELERATION                                   
 
 FAULT-DATA FILE USED: AESFLT.DAT 
 
 SOURCE OF DEPTH VALUES (A=Attenuation File, F=Fault Data File): A 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
                          ----------------------------- 
                          DETERMINISTIC SITE PARAMETERS 
                          ----------------------------- 
 
 Page   1 
 ----------------------------------------------------------- 
|                          |         |MAX. MAGNITUDE EVENT||  
|                          | APPROX. |--------------------|| 
|       ABBREVIATED        |DISTANCE | MAX.| PEAK | SITE  ||  
|       FAULT NAME         | mi (km) | MAG.| SITE |INTENS ||    
|                          |         |     |ACC. g|  MM   ||   
|--------------------------|---------|-----|------|------ || 
|ANACAPA                   | 36 ( 58)| 7.30| 0.134| VIII  ||  
|--------------------------|---------|-----|------|------ ||  
|ARROYO PARIDA - MORE RANCH| 28 ( 46)| 6.70| 0.117|  VII  ||   
|--------------------------|---------|-----|------|------ ||  
|BIG PINE                  | 33 ( 53)| 6.70| 0.086|  VII  ||  
|--------------------------|---------|-----|------|------ ||  
|CHANNEL IS. THRUST (EAST) | 38 ( 61)| 7.40| 0.203| VIII  ||   
|--------------------------|---------|-----|------|------ ||  
|CLAMSHELL-SAWPIT          | 40 ( 65)| 6.50| 0.080|  VII  ||   
|--------------------------|---------|-----|------|------ || 
|CLEARWATER                | 11 ( 17)| 7.00| 0.284|  IX   ||  
|--------------------------|---------|-----|------|------ || 
|COMPTON-LOS ALAMITOS      | 33 ( 54)| 6.80| 0.162| VIII  ||  
|--------------------------|---------|-----|------|------ ||  
|ELYSIAN PARK SEISMIC ZONE | 32 ( 51)| 6.70| 0.107|  VII  ||  
|--------------------------|---------|-----|------|------ || 
|FRAZIER MOUNTAIN          | 25 ( 41)| 6.50| 0.114|  VII  ||   
|--------------------------|---------|-----|------|------ ||  
|GARLOCK (West)            | 29 ( 47)| 7.10| 0.115|  VII  ||  
|--------------------------|---------|-----|------|------ ||  
|HOLSER                    |  1 (  1)| 6.50| 0.528|   X   ||   
|--------------------------|---------|-----|------|------ || 
|MALIBU COAST              | 30 ( 47)| 6.70| 0.113|  VII  ||   
|--------------------------|---------|-----|------|------ || 
|MID-CHANNEL               | 45 ( 72)| 7.50| 0.125|  VII  ||   
|--------------------------|---------|-----|------|------ ||  
|MONTALVO THRUST           | 41 ( 66)| 6.60| 0.125|  VII  ||  
|--------------------------|---------|-----|------|------ || 
|NEWPORT-INGLEWOOD (NORTH) | 30 ( 49)| 6.90| 0.101|  VII  || 
|--------------------------|---------|-----|------|------ || 
|NORTHRIDGE HILLS          | 13 ( 21)| 6.50| 0.191| VIII  ||  
|--------------------------|---------|-----|------|------ || 
|OAK RIDGE (Eastern Blind) |  7 ( 11)| 6.90| 0.371|  IX   ||  
|--------------------------|---------|-----|------|------ || 
|OAK RIDGE (Offshore)      | 32 ( 52)| 6.90| 0.118|  VII  ||  
|--------------------------|---------|-----|------|------ || 
|OAK RIDGE (Western Onshore| 10 ( 15)| 6.90| 0.291|  IX   ||  
|--------------------------|---------|-----|------|------ || 
|OZENA                     | 44 ( 71)| 7.00| 0.097|  VII  ||  
|--------------------------|---------|-----|------|------ || 
|PALOS VERDES HILLS        | 44 ( 70)| 7.10| 0.085|  VII  ||  
|--------------------------|---------|-----|------|------ || 
|PINE MOUNTAIN             | 14 ( 22)| 7.00| 0.233|  IX   ||  
|--------------------------|---------|-----|------|------ || 
|PITAS POINT THRUST        | 40 ( 65)| 6.80| 0.141| VIII  || 
|--------------------------|---------|-----|------|------ || 
|PLEITO                    | 35 ( 56)| 7.20| 0.130| VIII  ||  
|--------------------------|---------|-----|------|------ || 
|RAYMOND                   | 33 ( 53)| 6.50| 0.094|  VII  ||  
|--------------------------|---------|-----|------|------ || 



 
                          ----------------------------- 
                          DETERMINISTIC SITE PARAMETERS 
                          ----------------------------- 
 
 Page   2 
 --------------------------------------------------------- 
|                          |         |MAX. MAGNITUDE EVENT|| 
|                          | APPROX. |------------------- || 
|       ABBREVIATED        |DISTANCE | MAX.| PEAK | SITE  || 
|       FAULT NAME         | mi (km) | MAG.| SITE |INTENS ||  
|                          |         |     |ACC. g|  MM   ||  
|--------------------------|---------|-----|------|------ || 
|RED MOUNTAIN              | 38 ( 62)| 6.80| 0.097|  VII  ||  
|--------------------------|---------|-----|------|------ || 
|SAN ANDREAS (Mojave)      | 18 ( 29)| 7.80| 0.244|  IX   ||  
|--------------------------|---------|-----|------|------ || 
|SAN CAYETANO (East)       |  7 ( 11)| 6.80| 0.348|  IX   ||  
|--------------------------|---------|-----|------|------ || 
|SAN CAYETANO (West)       | 17 ( 27)| 6.80| 0.185| VIII  ||  
|--------------------------|---------|-----|------|------ || 
|SAN GABRIEL               |  2 (  3)| 7.00| 0.535|   X   ||  
|--------------------------|---------|-----|------|------ || 
|SANTA MONICA - HOLLYWOOD  | 30 ( 48)| 6.40| 0.097|  VII  || 
|--------------------------|---------|-----|------|------ || 
|SANTA MONICA MTNS. THRUST | 26 ( 41)| 6.60| 0.179| VIII  ||  
|--------------------------|---------|-----|------|------ || 
|SANTA SUSANA              |  3 (  4)| 6.60| 0.477|   X   ||  
|--------------------------|---------|-----|------|------ || 
|SANTA YNEZ (East)         | 17 ( 28)| 7.00| 0.164| VIII  ||   
|--------------------------|---------|-----|------|------ || 
|SIERRA MADRE-SAN FERNANDO | 15 ( 24)| 6.70| 0.189| VIII  || 
|--------------------------|---------|-----|------|------ || 
|SIMI - SANTA ROSA         | 10 ( 17)| 6.70| 0.244|  IX   ||  
|--------------------------|---------|-----|------|------ || 
|VENTURA - PITAS POINT     | 33 ( 54)| 6.80| 0.109|  VII  || 
|--------------------------|---------|-----|------|------ || 
|VERDUGO                   | 17 ( 28)| 6.70| 0.170| VIII  ||  
|--------------------------|---------|-----|------|------ || 
|WHITE WOLF                | 44 ( 70)| 7.20| 0.109|  VII  ||   
|--------------------------|---------|-----|------|------ || 
|WHITTIER - NORTH ELSINORE | 35 ( 56)| 6.80| 0.086|  VII  ||  
|--------------------------|---------|-----|------|------ || 
|WILSHIRE ARCH             | 31 ( 50)| 5.70| 0.096|  VII  ||  
|--------------------------|---------|-----|------|------ || 
 *********************************************************** 
-END OF SEARCH-   41  FAULTS FOUND WITHIN THE SPECIFIED SEARCH RADIUS. 
 
THE HOLSER FAULT IS CLOSEST TO THE SITE. 
IT IS ABOUT 0.9 MILES AWAY. 
 
LARGEST MAXIMUM-MAGNITUDE SITE ACCELERATION:  0.535 g 



TABLE E-III 
 
 
                  ****************************************** 
                  *                                        * 
                  *        FRISKSP - IBM-PC VERSION        * 
                  *                                        * 
                  *  Modified from *FRISK* (McGuire 1978)  * 
                  *   To Perform Probabilistic Earthquake  * 
                  *  Hazard Analyses Using Multiple Forms  * 
                  * of Ground-Motion-Attenuation Relations * 
                  *                                        * 
                  *   Modifications by:  Thomas F. Blake   * 
                  *             - 1988-1996 -              * 
                  *                                        * 
                  *         Serial No. FRSP183.301a        * 
                  * Licensed to: ALLAN SEWARD ENG. GEOLOGY * 
                  ****************************************** 
 
 ANALYSIS PERFORMED FOR:  
 

Palmer Investments 

 JOB NO: 98-1617-4 
 
 TITLE: VTT 52584 - Final Run                                                    
 
 IPR_FILE  
  0 
 
 IPLOT  
  0 
 
 SITE CONDITION  
   .00 
 
 BASEMENT     DEPTH (km)  
   .00 
 
 RHGA FACTOR     RHGA DIST (km)  
     1.000             .000 
 
 NFLT  NSITE   NPROB   NATT     LCD 
 22      1       2       4       1 
 
 



 
ATT       C1        C2        C3        C4        C5        C6        C7        C8        C9       C10       C11       C12       C13       C14 
  1    -.1360     .2290     .0000    -.7780     .0000     .2510    5.5700     .0000     .0000     .0000     .0000     .0000     .0000     .0000 
ATT      C15       C16       C17       C18       C19       C20       C21       C22       C23       PER      DSMIN      SIGA    IRELAF      ICHK 
  1     .0000     .0000     .0000     .0000     .0000     .0000     .0000     .0000     .0000     .0000     .0000     .0010       3         0 
 
ATT       C1        C2        C3        C4        C5        C6        C7        C8        C9       C10       C11       C12       C13       C14 
  2    -.0510     .2290     .0000    -.7780     .0000     .2510    5.5700     .0000     .0000     .0000     .0000     .0000     .0000     .0000 
ATT      C15       C16       C17       C18       C19       C20       C21       C22       C23       PER      DSMIN      SIGA    IRELAF      ICHK 
  2     .0000     .0000     .0000     .0000     .0000     .0000     .0000     .0000     .0000     .0000     .0000     .0010       3         0 
 
ATT       C1        C2        C3        C4        C5        C6        C7        C8        C9       C10       C11       C12       C13       C14 
  3    -.1360     .2290     .0000    -.7780     .0000     .2510    5.5700     .0000     .0000     .0000     .0000     .0000     .0000     .0000 
ATT      C15       C16       C17       C18       C19       C20       C21       C22       C23       PER      DSMIN      SIGA    IRELAF      ICHK 
  3     .0000     .0000     .0000     .0000     .0000     .0000     .0000     .0000     .0000     .0000     .0000     .5200       3         0 
 
ATT       C1        C2        C3        C4        C5        C6        C7        C8        C9       C10       C11       C12       C13       C14 
  4    -.0510     .2290     .0000    -.7780     .0000     .2510    5.5700     .0000     .0000     .0000     .0000     .0000     .0000     .0000 
ATT      C15       C16       C17       C18       C19       C20       C21       C22       C23       PER      DSMIN      SIGA    IRELAF      ICHK 
  4     .0000     .0000     .0000     .0000     .0000     .0000     .0000     .0000     .0000     .0000     .0000     .5200       3         0 
 
 
 PROBLEM DATA: 
 
 BOORE ET AL. (1993a) RND. M - C  AMPLITUDES: 
     20         .050     .100     .150     .200     .250     .300     .350     .400     .420     .440 
                .460     .480     .500     .520     .540     .560     .580     .600     .620     .640 
 
      MAGNITUDE WEIGHTING FACTORS:     MWF:   0    MWF MAGNITUDE:      .00 
 
 RISKS SPECIFIED: 
   5      .013900   .010000   .005000   .002105   .001000 
 
 SITE COORDINATES: 
  1    -118.6330   34.4570 
 
 
 FAULT INFORMATION: 
 ----------------------------------------------------------------------------- 
 FAULT  1 
 
 FAULT NAME:  HOLSER                           
 
 NFP    NRL   ATTENUATION CODES: 
  6     10      2  4 
 
 AMMIN   AMSTEP  IRATE    RATE   BETA   ECTR   ECDP   COEF 
 5.000    .1000      1   .4000  2.072   .900  2.000  1.000 
 
 NMAX AMMAX  PMAX 
  1    6.50  1.00 



 
   dmchar ampchar dmpchar 
      .50    6.00    1.00 
 
 Slip Rate (   .4000 mm/yr) Converted to Activity Rate: 
 Input Shear Modulus - dyne/cm**2 
 .330E+12 
 Input Fault Area    - cm**2 
 .340E+13 
 LOG10[Mo(m)]        = (1.50)m + (16.05) 
   IMAX   AMMAX    PMAX     ARATE = EX-RATE + CH-RATE 
      1  6.5000  1.0000    .00258    .00118    .00140 
   
 IND_RL 
      2 
 
 RUPTURE AREA VS. MAGNITUDE  A_RA      B_RA    SIG_RA  -3.490      .910      .240 
 
 FAULT SEGMENT COORDINATES 
  1    -118.7510   34.4320 
  2    -118.7080   34.4400 
  3    -118.6760   34.4490 
  4    -118.6250   34.4420 
  5    -118.5850   34.4280 
  6    -118.5610   34.4140 
 
 NDP 
   2 
 ORIGINAL FAULT CROSS SECTION 
  1        .0000     .0000 
  2       8.7000   15.0000 
 
 Computed Total Fault Area =  .26E+03 
 ----------------------------------------------------------------------------- 
 FAULT  2 
 
 FAULT NAME:  SAN GABRIEL                      
 
 NFP    NRL   ATTENUATION CODES: 
 12     10      1  3 
 
 AMMIN   AMSTEP  IRATE    RATE   BETA   ECTR   ECDP   COEF 
 5.000    .1000      1  1.0000  2.072  5.000  2.000  1.000 
 
 NMAX AMMAX  PMAX 
  1    7.00  1.00 
 
   dmchar ampchar dmpchar 
      .50    6.50    1.00 
 
 Slip Rate (  1.0000 mm/yr) Converted to Activity Rate: 



 Input Shear Modulus - dyne/cm**2 
 .330E+12 
 Input Fault Area    - cm**2 
 .150E+14 
 LOG10[Mo(m)]        = (1.50)m + (16.05) 
   IMAX   AMMAX    PMAX     ARATE = EX-RATE + CH-RATE 
      1  7.0000  1.0000    .00987    .00713    .00274 
   
 IND_RL 
      2 
 
 RUPTURE AREA VS. MAGNITUDE  A_RA      B_RA    SIG_RA  -3.490      .910      .240 
 
 FAULT SEGMENT COORDINATES 
  1    -118.9110   34.7600 
  2    -118.8560   34.6930 
  3    -118.8030   34.6430 
  4    -118.7490   34.5930 
  5    -118.6670   34.5220 
  6    -118.5930   34.4580 
  7    -118.5420   34.4240 
  8    -118.4280   34.3640 
  9    -118.3060   34.3230 
 10    -118.2170   34.2720 
 11    -118.1430   34.2090 
 12    -118.0940   34.1840 
 
 NDP 
   2 
 ORIGINAL FAULT CROSS SECTION 
  1        .0000     .0000 
  2        .0000   15.0000 
 
 Computed Total Fault Area =  .15E+04 
 ----------------------------------------------------------------------------- 
 FAULT  3 
 
 FAULT NAME:  OAK RIDGE (Eastern)              
 
 NFP    NRL   ATTENUATION CODES: 
  5     10      2  4 
 
 AMMIN   AMSTEP  IRATE    RATE   BETA   ECTR   ECDP   COEF 
 5.000    .1000      1  1.5000  2.072  1.700  2.000  1.000 
 
 NMAX AMMAX  PMAX 
  1    6.90  1.00 
 
   dmchar ampchar dmpchar 
      .50    6.40    1.00 
 



 Slip Rate (  1.5000 mm/yr) Converted to Activity Rate: 
 Input Shear Modulus - dyne/cm**2 
 .360E+12 
 Input Fault Area    - cm**2 
 .635E+13 
 LOG10[Mo(m)]        = (1.50)m + (16.05) 
   IMAX   AMMAX    PMAX     ARATE = EX-RATE + CH-RATE 
      1  6.9000  1.0000    .00829    .00561    .00268 
   
 IND_RL 
      2 
 
 RUPTURE AREA VS. MAGNITUDE  A_RA      B_RA    SIG_RA  -3.490      .910      .240 
 
 FAULT SEGMENT COORDINATES 
  1    -118.7710   34.3590 
  2    -118.7170   34.3670 
  3    -118.6810   34.3690 
  4    -118.5820   34.3510 
  5    -118.4320   34.2800 
 
 NDP 
   3 
 ORIGINAL FAULT CROSS SECTION 
  1        .0000    3.9900 
  2        .0000    4.0000 
  3      15.0000   19.0000 
 
 Computed Total Fault Area =  .60E+03 
 ----------------------------------------------------------------------------- 
 FAULT  4 
 
 FAULT NAME:  SAN CAYETANO (EAST)              
 
 NFP    NRL   ATTENUATION CODES: 
  4     10      2  4 
 
 AMMIN   AMSTEP  IRATE    RATE   BETA   ECTR   ECDP   COEF 
 5.000    .1000      1  6.0000  2.072   .800  2.000  1.000 
 
 NMAX AMMAX  PMAX 
  1    6.80  1.00 
 
   dmchar ampchar dmpchar 
      .50    6.30    1.00 
 
 Slip Rate (  6.0000 mm/yr) Converted to Activity Rate: 
 Input Shear Modulus - dyne/cm**2 
 .330E+12 
 Input Fault Area    - cm**2 
 .470E+13 



 LOG10[Mo(m)]        = (1.50)m + (16.05) 
   IMAX   AMMAX    PMAX     ARATE = EX-RATE + CH-RATE 
      1  6.8000  1.0000    .02754    .01724    .01029 
 
 IND_RL 
      2 
 
 RUPTURE AREA VS. MAGNITUDE  A_RA      B_RA    SIG_RA  -3.490      .910      .240 
 
 FAULT SEGMENT COORDINATES 
  1    -118.7500   34.4240 
  2    -118.7690   34.4240 
  3    -118.8430   34.3970 
  4    -118.9180   34.3970 
 
 NDP 
   2 
 ORIGINAL FAULT CROSS SECTION 
  1        .0000     .0000 
  2      23.8000   20.0000 
 
 Computed Total Fault Area =  .50E+03 
 ----------------------------------------------------------------------------- 
 FAULT  5 
 
 FAULT NAME:  SANTA SUSANA                     
 
 NFP    NRL   ATTENUATION CODES: 
  6     10      2  4 
 
 AMMIN   AMSTEP  IRATE    RATE   BETA   ECTR   ECDP   COEF 
 5.000    .1000      1  5.0000  2.072  1.600  2.000  1.000 
 
 NMAX AMMAX  PMAX 
  1    6.60  1.00 
 
   dmchar ampchar dmpchar 
      .50    6.10    1.00 
 
 Slip Rate (  5.0000 mm/yr) Converted to Activity Rate: 
 Input Shear Modulus - dyne/cm**2 
 .330E+12 
 Input Fault Area    - cm**2 
 .545E+13 
 LOG10[Mo(m)]        = (1.50)m + (16.05) 
 
   IMAX   AMMAX    PMAX     ARATE = EX-RATE + CH-RATE 
      1  6.6000  1.0000    .04099    .02115    .01984 
   
 IND_RL 
      2 



 
 RUPTURE AREA VS. MAGNITUDE  A_RA      B_RA    SIG_RA  -3.490      .910      .240 
 
 FAULT SEGMENT COORDINATES 
  1    -118.4450   34.3300 
  2    -118.4700   34.3340 
  3    -118.5360   34.2990 
  4    -118.6980   34.3470 
  5    -118.7560   34.3590 
  6    -118.7690   34.3570 
 
 NDP 
   2 
 ORIGINAL FAULT CROSS SECTION 
  1        .0000     .0000 
  2       9.2000   16.0000 
 
 Computed Total Fault Area =  .62E+03 
 ----------------------------------------------------------------------------- 
 FAULT  6 
 
 FAULT NAME:  OAK RIDGE (Western)              
 
 NFP    NRL   ATTENUATION CODES: 
  6     10      2  4 
 
 AMMIN   AMSTEP  IRATE    RATE   BETA   ECTR   ECDP   COEF 
 5.000    .1000      1  4.0000  2.072  1.800  2.000  1.000 
 
 NMAX AMMAX  PMAX 
  1    6.90  1.00 
 
   dmchar ampchar dmpchar 
      .50    6.40    1.00 
 
 Slip Rate (  4.0000 mm/yr) Converted to Activity Rate: 
 Input Shear Modulus - dyne/cm**2 
 .330E+12 
 Input Fault Area    - cm**2 
 .730E+13 
 LOG10[Mo(m)]        = (1.50)m + (16.05) 
   IMAX   AMMAX    PMAX     ARATE = EX-RATE + CH-RATE 
      1  6.9000  1.0000    .02331    .01576    .00754 
   
 IND_RL 
      2 
 
 RUPTURE AREA VS. MAGNITUDE  A_RA      B_RA    SIG_RA  -3.490      .910      .240 
 
 FAULT SEGMENT COORDINATES 
  1    -119.1380   34.2790 



  2    -119.1270   34.2820 
  3    -119.0460   34.3540 
  4    -118.9830   34.3560 
  5    -118.9030   34.3780 
  6    -118.7800   34.3910 
 
 NDP 
   2 
 ORIGINAL FAULT CROSS SECTION 
  1        .0000     .0000 
  2      14.0000   20.0000 
 
 Computed Total Fault Area =  .86E+03 
 ----------------------------------------------------------------------------- 
 FAULT  7 
 
 FAULT NAME:  SIMI-SANTA ROSA                  
 
 NFP    NRL   ATTENUATION CODES: 
  6     10      2  4 
 
 AMMIN   AMSTEP  IRATE    RATE   BETA   ECTR   ECDP   COEF 
 5.000    .1000      1  1.0000  2.072  2.200  2.000  1.000 
 
 NMAX AMMAX  PMAX 
  1    6.70  1.00 
 
   dmchar ampchar dmpchar 
      .50    6.20    1.00 
 
 Slip Rate (  1.0000 mm/yr) Converted to Activity Rate: 
 Input Shear Modulus - dyne/cm**2 
 .330E+12 
 Input Fault Area    - cm**2 
 .765E+13 
 LOG10[Mo(m)]        = (1.50)m + (16.05) 
   IMAX   AMMAX    PMAX     ARATE = EX-RATE + CH-RATE 
      1  6.7000  1.0000    .00923    .00528    .00394 
   
 IND_RL 
      2 
 
 RUPTURE AREA VS. MAGNITUDE  A_RA      B_RA    SIG_RA  -3.490      .910      .240 
 
 FAULT SEGMENT COORDINATES 
  1    -118.6580   34.3060 
  2    -118.8690   34.2590 
  3    -118.9070   34.2450 
  4    -118.9520   34.2470 
  5    -119.0150   34.2340 
  6    -119.1180   34.2110 



 
 NDP 
   2 
 ORIGINAL FAULT CROSS SECTION 
  1        .0000     .0000 
  2       6.0000   10.0000 
 
 Computed Total Fault Area =  .51E+03 
 ----------------------------------------------------------------------------- 
 FAULT  8 
 
 FAULT NAME:  CLEARWATER                       
 
 NFP    NRL   ATTENUATION CODES: 
  6     10      2  4 
 
 AMMIN   AMSTEP  IRATE    RATE   BETA   ECTR   ECDP   COEF 
 5.000    .1000      1   .0500  2.072  1.600  2.000  1.000 
 
 NMAX AMMAX  PMAX 
  1    7.00  1.00 
 
   dmchar ampchar dmpchar 
      .50    6.50    1.00 
 
 Slip Rate (   .0500 mm/yr) Converted to Activity Rate: 
 Input Shear Modulus - dyne/cm**2 
 .330E+12 
 Input Fault Area    - cm**2 
 .510E+13 
 LOG10[Mo(m)]        = (1.50)m + (16.05) 
   IMAX   AMMAX    PMAX     ARATE = EX-RATE + CH-RATE 
      1  7.0000  1.0000    .00017    .00012    .00005 
   
 IND_RL 
      2 
 
 RUPTURE AREA VS. MAGNITUDE  A_RA      B_RA    SIG_RA  -3.490      .910      .240 
 
 FAULT SEGMENT COORDINATES 
  1    -118.7020   34.6460 
  2    -118.6810   34.6430 
  3    -118.6400   34.6150 
  4    -118.5610   34.6020 
  5    -118.4800   34.5860 
  6    -118.3700   34.5830 
 
 NDP 
   2 
 ORIGINAL FAULT CROSS SECTION 
  1        .0000     .0000 



  2      -8.7000   15.0000 
 
 Computed Total Fault Area =  .54E+03 
 ----------------------------------------------------------------------------- 
 FAULT  9 
 
 FAULT NAME:  NORTHRIDGE HILLS                 
 
 NFP    NRL   ATTENUATION CODES: 
  3     10      2  4 
 
 AMMIN   AMSTEP  IRATE    RATE   BETA   ECTR   ECDP   COEF 
 5.000    .1000      1   .5000  2.072   .600  2.000  1.000 
 
 NMAX AMMAX  PMAX 
  1    6.50  1.00 
 
   dmchar ampchar dmpchar 
      .50    6.00    1.00 
 
 Slip Rate (   .5000 mm/yr) Converted to Activity Rate: 
 Input Shear Modulus - dyne/cm**2 
 .330E+12 
 Input Fault Area    - cm**2 
 .320E+13 
 LOG10[Mo(m)]        = (1.50)m + (16.05) 
   IMAX   AMMAX    PMAX     ARATE = EX-RATE + CH-RATE 
      1  6.5000  1.0000    .00303    .00139    .00165 
   
 IND_RL 
      2 
 
 RUPTURE AREA VS. MAGNITUDE  A_RA      B_RA    SIG_RA  -3.490      .910      .240 
 
 FAULT SEGMENT COORDINATES 
  1    -118.5950   34.2740 
  2    -118.4970   34.2360 
  3    -118.4660   34.2330 
 
 NDP 
   2 
 ORIGINAL FAULT CROSS SECTION 
  1        .0000     .0000 
  2      -5.5000   15.0000 
 
 Computed Total Fault Area =  .19E+03 
 ----------------------------------------------------------------------------- 
 FAULT 10 
 
 FAULT NAME:  PINE MOUNTAIN                    
 



 NFP    NRL   ATTENUATION CODES: 
  9     10      2  4 
 
 AMMIN   AMSTEP  IRATE    RATE   BETA   ECTR   ECDP   COEF 
 5.000    .1000      1   .1000  2.072  2.900  2.000  1.000 
 
 NMAX AMMAX  PMAX 
  1    7.00  1.00 
 
   dmchar ampchar dmpchar 
      .50    6.50    1.00 
 
 Slip Rate (   .1000 mm/yr) Converted to Activity Rate: 
 Input Shear Modulus - dyne/cm**2 
 .330E+12 
 Input Fault Area    - cm**2 
 .960E+13 
 LOG10[Mo(m)]        = (1.50)m + (16.05) 
   IMAX   AMMAX    PMAX     ARATE = EX-RATE + CH-RATE 
      1  7.0000  1.0000    .00063    .00046    .00018 
   
 IND_RL 
      2 
 
 RUPTURE AREA VS. MAGNITUDE  A_RA      B_RA    SIG_RA  -3.490      .910      .240 
 
 FAULT SEGMENT COORDINATES 
  1    -119.3880   34.6480 
  2    -119.3360   34.6220 
  3    -119.2620   34.6050 
  4    -119.1830   34.5890 
  5    -119.1130   34.5690 
  6    -119.0130   34.5720 
  7    -118.9460   34.5830 
  8    -118.8900   34.6130 
  9    -118.7890   34.6140 
 
 NDP 
   2 
 ORIGINAL FAULT CROSS SECTION 
  1        .0000     .0000 
  2     -12.6000   15.0000 
 
 Computed Total Fault Area =  .11E+04 
 ----------------------------------------------------------------------------- 
 FAULT 11 
 
 FAULT NAME:  SIERRA MADRE - SAN FERNANDO      
 
 NFP    NRL   ATTENUATION CODES: 
 10     10      2  4 



 
 AMMIN   AMSTEP  IRATE    RATE   BETA   ECTR   ECDP   COEF 
 5.000    .1000      1  2.0000  2.072  3.900  2.000  1.000 
 
 NMAX AMMAX  PMAX 
  1    6.70  1.00 
 
   dmchar ampchar dmpchar 
      .50    6.20    1.00 
 
 Slip Rate (  2.0000 mm/yr) Converted to Activity Rate: 
 Input Shear Modulus - dyne/cm**2 
 .330E+12 
 Input Fault Area    - cm**2 
 .150E+14 
 LOG10[Mo(m)]        = (1.50)m + (16.05) 
   IMAX   AMMAX    PMAX     ARATE = EX-RATE + CH-RATE 
      1  6.7000  1.0000    .03618    .02071    .01546 
  
 IND_RL 
      2 
 
 RUPTURE AREA VS. MAGNITUDE  A_RA      B_RA    SIG_RA  -3.490      .910      .240 
 
 FAULT SEGMENT COORDINATES 
  1    -117.6520   34.1590 
  2    -117.7000   34.1310 
  3    -117.7620   34.1250 
  4    -117.9130   34.1540 
  5    -118.0260   34.1690 
  6    -118.1330   34.1980 
  7    -118.2310   34.2370 
  8    -118.3190   34.2670 
  9    -118.3750   34.2880 
 10    -118.4520   34.3000 
 
 NDP 
   2 
 ORIGINAL FAULT CROSS SECTION 
  1        .0000     .0000 
  2      11.2000   16.0000 
 
 Computed Total Fault Area =  .14E+04 
 ----------------------------------------------------------------------------- 
 FAULT 12 
 
 FAULT NAME:  SAN CAYETANO (WEST)              
 
 NFP    NRL   ATTENUATION CODES: 
  4     10      2  4 
 



 AMMIN   AMSTEP  IRATE    RATE   BETA   ECTR   ECDP   COEF 
 5.000    .1000      1  6.0000  2.072  1.300  2.000  1.000 
 
 NMAX AMMAX  PMAX 
  1    6.80  1.00 
 
   dmchar ampchar dmpchar 
      .50    6.30    1.00 
 
 Slip Rate (  6.0000 mm/yr) Converted to Activity Rate: 
 Input Shear Modulus - dyne/cm**2 
 .330E+12 
 Input Fault Area    - cm**2 
 .625E+13 
 LOG10[Mo(m)]        = (1.50)m + (16.05) 
   IMAX   AMMAX    PMAX     ARATE = EX-RATE + CH-RATE 
      1  6.8000  1.0000    .03662    .02293    .01369 
   
 IND_RL 
      2 
 
 RUPTURE AREA VS. MAGNITUDE  A_RA      B_RA    SIG_RA  -3.490      .910      .240 
 
 FAULT SEGMENT COORDINATES 
  1    -118.9230   34.4490 
  2    -118.9570   34.4490 
  3    -119.0180   34.4180 
  4    -119.1830   34.4510 
 
 NDP 
   2 
 
 ORIGINAL FAULT CROSS SECTION 
  1        .0000     .0000 
  2      16.8000   20.0000 
 
 Computed Total Fault Area =  .60E+03 
 
 ----------------------------------------------------------------------------- 
 FAULT 13 
 
 FAULT NAME:  SANTA YNEZ (East)                
 
 NFP    NRL   ATTENUATION CODES: 
  8     10      1  3 
 
 AMMIN   AMSTEP  IRATE    RATE   BETA   ECTR   ECDP   COEF 
 5.000    .1000      1  2.0000  2.072  4.400  2.000  1.000 
 
 NMAX AMMAX  PMAX 
  1    7.00  1.00 



 
   dmchar ampchar dmpchar 
      .50    6.50    1.00 
 
 Slip Rate (  2.0000 mm/yr) Converted to Activity Rate: 
 Input Shear Modulus - dyne/cm**2 
 .330E+12 
 Input Fault Area    - cm**2 
 .140E+14 
 LOG10[Mo(m)]        = (1.50)m + (16.05) 
   IMAX   AMMAX    PMAX     ARATE = EX-RATE + CH-RATE 
      1  7.0000  1.0000    .01843    .01331    .00512 
 
 IND_RL 
      2 
 
 RUPTURE AREA VS. MAGNITUDE  A_RA      B_RA    SIG_RA  -3.490      .910      .240 
 
 FAULT SEGMENT COORDINATES 
  1    -119.8330   34.5440 
  2    -119.6660   34.4990 
  3    -119.5980   34.4860 
  4    -119.5220   34.4830 
  5    -119.3400   34.5000 
  6    -119.1830   34.5260 
  7    -119.0220   34.5530 
  8    -118.8950   34.5820 
 
 NDP 
   2 
 ORIGINAL FAULT CROSS SECTION 
  1        .0000     .0000 
  2       2.6000   15.0000 
 
 Computed Total Fault Area =  .14E+04 
 ----------------------------------------------------------------------------- 
 FAULT 14 
 
 FAULT NAME:  VERDUGO                          
 
 NFP    NRL   ATTENUATION CODES: 
  6     10      2  4 
 
 AMMIN   AMSTEP  IRATE    RATE   BETA   ECTR   ECDP   COEF 
 5.000    .1000      1   .5000  2.072  1.600  2.000  1.000 
 
 NMAX AMMAX  PMAX 
  1    6.70  1.00 
 
   dmchar ampchar dmpchar 
      .50    6.20    1.00 



 
 Slip Rate (   .5000 mm/yr) Converted to Activity Rate: 
 Input Shear Modulus - dyne/cm**2 
 .330E+12 
 Input Fault Area    - cm**2 
 .510E+13 
 LOG10[Mo(m)]        = (1.50)m + (16.05) 
   IMAX   AMMAX    PMAX     ARATE = EX-RATE + CH-RATE 
      1  6.7000  1.0000    .00308    .00176    .00131 
 
 IND_RL 
      2 
 
 RUPTURE AREA VS. MAGNITUDE  A_RA      B_RA    SIG_RA  -3.490      .910      .240 
 
 FAULT SEGMENT COORDINATES 
  1    -118.4360   34.2670 
  2    -118.3860   34.2270 
  3    -118.3360   34.2020 
  4    -118.2780   34.1750 
  5    -118.2280   34.1380 
  6    -118.1530   34.1160 
 
 NDP 
   2 
 ORIGINAL FAULT CROSS SECTION 
  1        .0000     .0000 
  2      -9.2000   16.0000 
 
 Computed Total Fault Area =  .54E+03 
 ----------------------------------------------------------------------------- 
 FAULT 15 
 
 FAULT NAME:  SAN ANDREAS (Mojave)             
 
 NFP    NRL   ATTENUATION CODES: 
 15     10      1  3 
 
 AMMIN   AMSTEP  IRATE    RATE   BETA   ECTR   ECDP   COEF 
 5.000    .1000      1 34.0000  2.072 15.600  2.000  1.000 
 
 NMAX AMMAX  PMAX 
  1    7.80  1.00 
 
   dmchar ampchar dmpchar 
      .50    7.30    1.00 
 
 Slip Rate ( 34.0000 mm/yr) Converted to Activity Rate: 
 Input Shear Modulus - dyne/cm**2 
 .300E+12 
 Input Fault Area    - cm**2 



 .465E+14 
 LOG10[Mo(m)]        = (1.50)m + (16.05) 
   IMAX   AMMAX    PMAX     ARATE = EX-RATE + CH-RATE 
      1  7.8000  1.0000    .25128    .23470    .01659 
 
 IND_RL 
      2 
 
 RUPTURE AREA VS. MAGNITUDE  A_RA      B_RA    SIG_RA  -3.490      .910      .240 
 
 FAULT SEGMENT COORDINATES 
  1    -120.2870   35.7230 
  2    -120.1560   35.5970 
  3    -119.9790   35.4180 
  4    -119.7920   35.2330 
  5    -119.5430   35.0280 
  6    -119.3940   34.9280 
  7    -119.2970   34.8900 
  8    -119.1490   34.8550 
  9    -119.0160   34.8270 
 10    -118.8820   34.8030 
 11    -118.6330   34.7360 
 12    -118.2970   34.6240 
 13    -118.0360   34.5240 
 14    -117.7620   34.4110 
 15    -117.4740   34.2900 
 
 NDP 
   2 
 ORIGINAL FAULT CROSS SECTION 
  1        .0000     .0000 
  2        .0000   15.0000 
 
 Computed Total Fault Area =  .47E+04 
 
Note:  Faults 16-22 do not contribute significantly to the ground motion hazard at the site and, therefore, detailed summaries have not been included 
in this report in order to save space and paper. 
------------------------------------------------------------------------------------------------------------------- 
 SITE 1 COORDINATES: -118.6330  34.4570 
 
 BOORE ET AL. (1993a) RND. M - C  
      AMPLITUDES (g):      .5000E-01 .1000E+00 .1500E+00 .2000E+00 .2500E+00 .3000E+00 .3500E+00 .4000E+00 .4200E+00 .4400E+00 
      LN (AMPLITUDE):       -3.00     -2.30     -1.90     -1.61     -1.39     -1.20     -1.05      -.92      -.87      -.82 
   FAULT   1 E(NO/YR)      .2579E-02 .2579E-02 .2564E-02 .2233E-02 .1803E-02 .1563E-02 .1360E-02 .1025E-02 .8174E-03 .6003E-03 
   FAULT   2 E(NO/YR)      .8828E-02 .5660E-02 .4201E-02 .3111E-02 .2346E-02 .1976E-02 .1753E-02 .1537E-02 .1489E-02 .1283E-02 
   FAULT   3 E(NO/YR)      .8294E-02 .6564E-02 .3836E-02 .2986E-02 .2429E-02 .1488E-02 .3184E-03 .0000E+00 .0000E+00 .0000E+00 
   FAULT   4 E(NO/YR)      .2754E-01 .2297E-01 .1383E-01 .1107E-01 .8813E-02 .4285E-02 .0000E+00 .0000E+00 .0000E+00 .0000E+00 
   FAULT   5 E(NO/YR)      .4099E-01 .4081E-01 .3343E-01 .2573E-01 .2111E-01 .1749E-01 .1304E-01 .7133E-02 .4718E-02 .2569E-02 
   FAULT   6 E(NO/YR)      .2278E-01 .1114E-01 .6793E-02 .3164E-02 .7447E-03 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 
   FAULT   7 E(NO/YR)      .9089E-02 .5790E-02 .3414E-02 .1948E-02 .8528E-03 .1548E-03 .0000E+00 .0000E+00 .0000E+00 .0000E+00 
   FAULT   8 E(NO/YR)      .1678E-03 .1091E-03 .5853E-04 .4796E-04 .1824E-04 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 



   FAULT   9 E(NO/YR)      .3034E-02 .2410E-02 .1687E-02 .5090E-03 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 
   FAULT  10 E(NO/YR)      .5212E-03 .2071E-03 .1142E-03 .2584E-04 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 
   FAULT  11 E(NO/YR)      .2650E-01 .8812E-02 .2447E-02 .3807E-03 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 
   FAULT  12 E(NO/YR)      .3621E-01 .1587E-01 .7613E-02 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 
   FAULT  13 E(NO/YR)      .8801E-02 .2383E-02 .3969E-03 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 
   FAULT  14 E(NO/YR)      .2859E-02 .1326E-02 .1900E-03 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 
   FAULT  15 E(NO/YR)      .7713E-01 .2052E-01 .1448E-01 .1004E-01 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 
   FAULT  16 E(NO/YR)      .8702E-04 .1267E-04 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 
   FAULT  17 E(NO/YR)      .1920E-01 .1443E-01 .9483E-02 .4732E-02 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 
   FAULT  18 E(NO/YR)      .5510E-03 .2036E-03 .2487E-04 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 
   FAULT  19 E(NO/YR)      .7841E-02 .3103E-02 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 
   FAULT  20 E(NO/YR)      .2229E-01 .3314E-02 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 
   FAULT  21 E(NO/YR)      .1081E-02 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 
   FAULT  22 E(NO/YR)      .1360E-02 .3687E-03 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 
   TOTAL     E(NO/YR)      .3277E+00 .1686E+00 .1046E+00 .6598E-01 .3812E-01 .2696E-01 .1647E-01 .9695E-02 .7025E-02 .4452E-02 
   TOTAL RISK              .2795E+00 .1551E+00 .9928E-01 .6385E-01 .3740E-01 .2660E-01 .1634E-01 .9648E-02 .7000E-02 .4442E-02 
 
      AMPLITUDES (g):      .4600E+00 .4800E+00 .5000E+00 .5200E+00 .5400E+00 .5600E+00 .5800E+00 .6000E+00 .6200E+00 .6400E+00 
      LN (AMPLITUDE):        -.78      -.73      -.69      -.65      -.62      -.58      -.54      -.51      -.48      -.45 
   FAULT   1 E(NO/YR)      .4482E-03 .2698E-03 .9499E-04 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 
   FAULT   2 E(NO/YR)      .1036E-02 .7388E-03 .3818E-03 .1386E-03 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 
   FAULT   3 E(NO/YR)      .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 
   FAULT   4 E(NO/YR)      .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 
   FAULT   5 E(NO/YR)      .1758E-02 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 
   FAULT   6 E(NO/YR)      .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 
   FAULT   7 E(NO/YR)      .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 
   FAULT   8 E(NO/YR)      .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 
   FAULT   9 E(NO/YR)      .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 
   FAULT  10 E(NO/YR)      .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 
   FAULT  11 E(NO/YR)      .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 
   FAULT  12 E(NO/YR)      .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 
   FAULT  13 E(NO/YR)      .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 
   FAULT  14 E(NO/YR)      .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 
   FAULT  15 E(NO/YR)      .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 
   FAULT  16 E(NO/YR)      .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 
   FAULT  17 E(NO/YR)      .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 
   FAULT  18 E(NO/YR)      .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 
   FAULT  19 E(NO/YR)      .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 
   FAULT  20 E(NO/YR)      .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 
   FAULT  21 E(NO/YR)      .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 
   FAULT  22 E(NO/YR)      .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 
   TOTAL     E(NO/YR)      .3242E-02 .1009E-02 .4768E-03 .1386E-03 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 
   TOTAL RISK              .3237E-02 .1008E-02 .4767E-03 .1386E-03 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 
 
     SPECIFIED RISKS:         .013900   .010000   .005000   .002105   .001000 
     ESTIMATED LN AMP.  :     -1.009     -.925     -.833     -.761     -.734 
      ESTIMATED AMP. (g):     .36463    .39638    .43471    .46728    .48021 
 
 ------------------------------------------------- 
 CLOSEST DISTANCES BETWEEN SITE AND FAULT RUPTURES 
 ------------------------------------------------- 



  NO.        FAULT NAME                   CD_1DRP  CD_2DRP    CDIST   CLODIS   CD_EPI  CD_HYPO 
 -------------------------------------------------------------------------------------------- 
   1 HOLSER                                  1.5      1.5      1.5      1.5      2.1      2.3 km 
   2 SAN GABRIEL                             2.7      2.7      2.7      2.7      2.8      3.5 km 
   3 OAK RIDGE (Eastern)                    10.5     10.5     11.2     11.2     11.3     12.2 km 
   4 SAN CAYETANO (EAST)                    11.3     10.7     11.0     11.0     11.8     12.0 km 
   5 SANTA SUSANA                           13.5      4.3     11.7     11.7      4.9     11.7 km 
   6 OAK RIDGE (Western)                    15.3     15.3     15.3     15.3     16.6     16.6 km 
   7 SIMI-SANTA ROSA                        16.9     11.7     14.9     14.9     12.7     15.4 km 
   8 CLEARWATER                             17.1     17.1     17.1     17.1     17.7     17.7 km 
   9 NORTHRIDGE HILLS                       20.6     16.4     19.8     19.8     17.5     20.5 km 
  10 PINE MOUNTAIN                          22.6     22.6     22.6     22.6     23.8     23.8 km 
  11 SIERRA MADRE - SAN FERNANDO            24.1     19.8     22.7     22.7     20.9     23.6 km 
  12 SAN CAYETANO (WEST)                    26.6     26.6     26.6     26.6     27.7     27.7 km 
  13 SANTA YNEZ (East)                      27.8     26.0     27.5     27.5     26.9     28.3 km 
  14 VERDUGO                                27.8     27.7     27.8     27.8     28.8     28.8 km 
  15 SAN ANDREAS (Mojave)                   28.8     28.8     28.8     28.8     28.8     29.0 km 
  16 FRAZIER MOUNTAIN                       41.2     41.2     41.2     41.2     42.0     42.0 km 
  17 SANTA MONICA MTNS. THRUST              41.5     27.2     33.5     33.5     28.2     34.1 km 
  18 ARROYO PARIDA - MORE RANCH             45.7     45.7     45.7     45.7     46.8     46.8 km 
  19 GARLOCK (West)                         47.6     47.6     47.6     47.6     47.6     47.6 km 
  20 SANTA MONICA HOLLYWOOD                 47.7     40.7     44.1     44.1     41.1     44.1 km 
  21 NEWPORT-INGLEWOOD (Northern)           48.9     48.4     48.9     48.9     49.6     49.9 km 
  22 MALIBU COAST                           49.3     44.8     47.6     47.6     45.3     47.9 km 
 -------------------------------------------------------------------------------------------- 
 EXPLANATION 
 ----------- 
      CD_1DRP  = Closest distance to projection of rupture area along fault trace. 
      CD_2DRP  = Closest distance to surface projection of the rupture area. 
      CDIST    = Closest distance to seismogenic rupture. 
      CLODIS   = Closest distance to subsurface rupture. 
      CD_EPI   = Closest epicentral distance. 
      CD_HYPO  = Closest hypocentral distance. 
 
Note:  CD-2DRP is used for Boore et al. (1993a) 
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SLOPE STABILITY ANALYSES 
 
 
Introduction 
 
Table F-1 summarizes the results of state-of-the-art computerized static and pseudostatic (i.e. 
with a statically-simulated seismic load) stability analyses performed on several cross 
sections of the currently proposed development of the vesting Tentative Tract 52584.  Table 
F-2 includes the results of surficial (Infinite Slope) analyses.  Based upon the results from the 
analyses, the need for tentative stabilization measures were explored and dimensional design 
of these measures was performed, as needed, by a step-by-step fashion utilizing slope 
stability analyses. 
 
A stabilization fill has been recommended to prevent erosion of cuts exposing landslide 
debris.  Pertinent surficial stability of possible materials comprising this fill will be 
performed at the grading plan stage. 
 
Analysis Approach 
 
The stability of the proposed cut, fill slopes and natural slopes were evaluated.  Ten cross 
sections representing the critical three-dimensional geometry of the subsurface conditions 
have been selected for stability analyses, based upon critical conditions for stability (i.e. 
potential adverse bedding and slope height and slope inclination).  Temporary cut conditions 
during construction were also analyzed for buttress backcut slopes where applicable.  
Surficial stability for fill and natural and cut (in TQs) slopes were analyzed using the 
“Infinite Slope” method since the lower-bound cohesion values of these materials less than 
250 psf.  A rapid drawdown analysis for the highest fill-slope in a desilting basin, and a gross 
stability analysis of the highest fill were also performed. 
 
Geometry and Groundwater 
 
The analyzed geometries of cut slopes included removal of existing landslides and slopewash 
material and replacement with certified compacted fill to currently proposed grades, as 
needed.  Analyses also included natural slopes and cuts in bedrock with cross bedding and 
potential adverse bedding.  Geometries were modified as analyses progressed since most of 
the proposed grades did not comply with County standards for minimum factors of safety.  
Alternatively, for one natural slope a very large and surely very costly buttress was analyzed 
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since the Civil Engineer expressed the advantage of saving pad area and indicated that high 
buttress costs may be comparable with the value of potential loss of pad area. 
 
Review of groundwater data in the vicinity of the site and exploratory trench and boring log 
data indicates that ground water is not present in the elevated portion of the site.  Therefore, 
ground water was not modeled in the slope stability analyses.  Backdrains are proposed for 
all stability fill and buttress fill slopes. 
 
Shear Strength Parameters 
 
A significant number of shear strength tests were performed for this project.  The shear 
strength values used in our analysis are summarized in Table B-2. 
 
In our analyses, residual shear strengths were used for static analysis while peak strengths 
were used for pseudostatic analysis. 
 
Sections Analyzed  
 
We have performed analysis on ten cross sections.  The cross sections and the subject of each 
analysis are presented in Table F-1.  Surficial stability analyses are presented in Table F-2. 
 
Methods of Analysis 
 
The computer program PCSTABL5M, originally written by Purdue University was used for 
the analyses.  This program computes the minimum factor of safety from trial failure surfaces 
using limit equilibrium methods of analysis, such as the Modified Bishop’s Method for 
circular slip surfaces or Janbu’s and Spencer’s methods for both circular or planar surfaces.  
In many cases, exit of slip planes at the ground surface is not known.  For this report, 
PCSTABLSM method was used to determine breakage of slip planes through upper layers 
and their exit at the ground surface where the failure surface is unknown.  Conservatively, 
Janbu’s method was used to provide the static minimum safety factor corresponding to the 
complete slip plane.  Using this complete planar slip surface, the Fellenius method, also 
known as Ordinary Method of Slices (OMS), adopted by the Los Angeles County, was used 
to modify the minimum static safety factor and estimate both the static and pseudo-static 
factors of safety.  
 
The pseudostatic procedure introduces a static horizontal force equal to a “seismic” 
(pseudostatic) coefficient times the weight of individual slices in addition to other forces 

Allan E. Seward Engineering Geology, Inc.     Geology and Geotechnology 



Hasley Canyon Land Company, L.L.C.  Job No: 98-1617-4 
January 15, 1999  Page F3 

acting on the slice.  The seismic coefficient is an empirical number which in no way models 
actual seismic forces.  However, the pseudostatic method provides some indication of 
stability or instability. We selected a seismic coefficent of 0.15 for our analyses in 
accordance with Los Angeles County Guidelines. 
 
As indicated previously, the “Infinite Slope” method was used for surficial stability of natural 
and cut slopes in TQs, and fill slopes.  Bishop's Modified Method was used for the highest 
fill and rapid drawdown analyses. 
 
Results of Stability Analyses 
 
Analyzed cut-slopes and grades, natural slopes, compacted fill slopes, temporary backcut 
slopes and surficial stability comply with Los Angeles County requirements for stability 
under static and pseudostatic loading conditions, as applicable, with source mitigating 
modifications presented in Appendix G.  The results of the stability analyses are summarized 
in Table F-1.  Per Los Angeles County requirements, results from the OMS method for 
planar analyses were considered final.  For analyses of the highest compacted fill and cross-
bedding slopes, results using the Bishop’s Modified Method of Slices were considered final. 
 
A complete package of computer output sheets and output cross sections for the stability 
analyses performed are included in this Appendix.   The critical failure surfaces and their 
corresponding factors of safety are plotted on the respective cross sections.  Cross Sections 
with input data used for OMS analyses have been are hand drawn since the L.A. County 
OMS Program does not provide graphics. 
 
The following attachments complete this Appendix. 
 
Slope Stability Analysis Results      Table F1 
Analysis of Infinite Slope       Table F2 
 

CROSS SECTION 7-7’ 
 
Landslide Plane Analysis of Qls-6, Cut-slope CS-7 
 Modified Janbu Method     

• Full Slide Plane       Run 1  
• Partial Slide Plane       Run 2 
• Partial Slide Plane       Run 3 
• Partial Slide Plane       Run 4 & 5 
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Ordinary Method of Slices (OMS)       
• Partial Slide Plane Static      Run 6  
• Partial Slide Plane Static & Pseudostatic Analyses  Run 7 & 8 

 
CROSS SECTION 8-8’ 

 
Bedding Plane Analysis of 3:1 Cut-Slope  CS-15 
 Modified Janbu Method 

• Bedding Plane 60 ft. below toe     Run 9 
• Bedding Plane 60 ft. below toe     Run 10 & 11 
• Bedding Plane 30 ft. below toe     Run 12 
• Bedding Plane 30 ft. below toe Cut 115’ Wide Bench  Run 13 
• Bedding Plane Toe Plane Cut 115’ Wide Bench   Run 14 & 15 

 
Ordinary Method of Slices (OMS) 

• Toe Plane, Cut 115’ Wide Bench 
Static & Pseudostatic Analyses     Run 16 & 17 

 
CROSS SECTION 11-11’ 

 
Bedding Plane Analysis of Cut-Slope CS-16 
 Modified Janbu Method 

• 1st Lower Bedding Plane      Run 18 & 19 
 

CROSS SECTION 13-13’ 
 

Bedding Plane Analysis of 2:1 Cut-Slope CS-18 
 Modified Janbu Method 

• Upper Area       Run 20 
• Mid Area        Run 21 
• Toe Area        Run 22 
• Toe Area, cutting ridge top     Run 23 
• Lower Area, cutting ridge top     Run 24 & 25 
 
Ordinary Method of Slices (OMS) 
• Lower Area, cutting ridge top     Run 26 & 27 

 
CROSS SECTION 14-14’ 

 
Bedding Plane Analysis of Natural Slope 
 Modified Janbu Method 

• Third Plane from Top      Run 28 
• Fourth Plane from Top      Run 29 
• Second Plane from Top      Run 30 
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• Second Plane from Top w/30’ wide mid bench & 
Cutting top half       Run 31 & 32 
 

Ordinary Method of Slices (OMS) 
• Second Plane from Top w/30’ wide mid bench & 

Cutting top half       Run 33 
• Second Plane from Top w/20’ wide mid bench  

Top half cut to 2:1       Run 34 & 35 
 
Bedding Plane Analysis Temporary Stability of Buttress backcut 
 Modified Janbu Method 

• Third bedding Plane from Top     Run 36 
• Fourth bedding Plane from Top     Run 37 
 
Ordinary Method of Slices (OMS) 
• Fourth bedding plane from Top     Run 38 
 

Buttress Stability 
 Modified Janbu Method 

• Stability through buttress      Run 39 & 40 
• Stability below buttress      Run 41 & 42 
 
 

CROSS SECTION 15-15’ 
 

Bedding Plane Analysis of Natural Slope 
 Modified Janbu Method 

• Lower Bedding Plane      Run 43 
• Lower Bedding Plane trimmed 30’    Run 44 & 45 
• Bedding Plane 20 ft. below toe     Run 46 & 47 
• Toe Bedding Plane trimmed     Run 48 & 49 
 
Ordinary Method of Slices (OMS) 
• Toe Bedding Plane 30 ft. trimmed and 50 ft. bench  Run 50 & 51 
• Lower Bedding Plane 30 ft. trimmed and 50 ft. upper bench Run 52 & 53 

 
Temporary stability of backcut slope for buttress 
 Modified Janbu Method 

• Bedding Plane at Key      Run 54 
• Bedding Plane at Key’s flatter backcut than Run 54  Run 55 
 
Ordinary Method of Slices (OMS) 
• Bedding Plane @ Keyway flatter backcut than Run 55  Run 56 
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Buttress Stability 
 Modified Janbu Method 

• Stability through buttress      Run 57 & 58 
• Stability below buttress      Run 59 & 60 
 

CROSS SECTION 17-17’ 
 
Landslide Removal, Bedding Plane Analysis of Cut-slope 
 Modified Janbu Method 

• Bedding Plane 60 ft. below toe     Run 61 & 62 
• Toe bedding plane       Run 63 & 64 
• Upper bedding plane      Run 65 

 
Landslide Removal, fill added @ toe and ridge peak removed 
 Modified Janbu Method 

• Upper Bedding plane      Run 66 
• Mid Low bedding plane      Run 67 & 68 
• Toe Bedding Plane      Run 69 
• Lower Bedding Plane      Run 70 
 
Ordinary Method of Slices (OMS) 
• Mid low bedding plane      Run 71 & 72 
 

CROSS SECTION 18-18’ 
 

Highest fill slope – Gross stability 
Bishops Modified 
• Circular Top search      Run 73 & 74 

 
CROSS SECTION 26-26’ 

 
Major Cut 

Modified Janbu Method       
• Toe bedding plane       Run 75 
• Toe bedding plane, add 55 ft. band and 2:1 slope below pad Run 76 

 
Add 10 ft. & 50 ft. wide benches and three 2:1 slopes 

Modified Janbu Method 
• Toe bedding plane       Run 77 
• Upper bedding plane      Run 78 
• Bedding Plane 30 ft. below toe     Run 79 & 80 

 
Ordinary Method of Slices (OMS) 
• Bedding Plane 30 ft. below toe     Run 81 & 82 
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Temporary Stability of backcut slope for Buttress    

Modified Janbu Method 
• Lower bedding plane  (not included)   Run 83 
• Bedding plane @ Keyway     Run 84 
• Bedding plane @ Keyway w/flattened backcut slope  Run 85 

 
Ordinary Method of Slices (OMS) 
• Bedding plane @ Keyway w/flattened backcut slope  Run 86 

 
Buttress Stability 

Modified Janbu Method       
• Stability through buttress      Run 87 & 88 
• Stability below buttress      Run 89 & 90 

 
CROSS SECTION 25-25’ 

 
Rapid drawdown analysis of desilting basin 

Bishops Modified 
• Circular Search       Run 91 
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