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Geologic and Geotechnical Report – Addendum No. 3, Response to Los
Angeles County Geologic Review Sheet, September 17, 2007



ALLAN E. SEWARD 
ENGINEERING GEOLOGY, INC. 

Geological And Geotechnical Consultants 

 
December 4, 2007 Job No: 07-2023-4 (19) 
 
 
 
The Newhall Land and Farming Company 
23823 West Valencia Boulevard 
Valencia, California 91355 
 
Attention: Mr. Corey Harpole 
 
Subject: GEOLOGIC AND GEOTECHNICAL REPORT – ADDENDUM NO. 3 

Response to Los Angeles County Geologic Review Sheet dated September 
17, 2007 and Soils Engineering Review Sheet dated September 19, 2007 

 
Project: Vesting Tentative Tract 61105 (dated 8/9/2007) 
  Mission Village  
  Newhall Ranch, California 
 
References: At end of text 
 
Dear Mr. Harpole: 
 
This report presents our responses to the Geologic Review Sheet dated September 17, 2007 
and the Soils Engineering Review Sheet dated September 19, 2007 for Vesting Tentative 
Tract Map (VTTM) 61105, both issued by the Los Angeles County Department of Public 
Works Geotechnical and Materials Engineering Division.  As you know, the Los Angeles 
County review sheets refer to the offsite proposed Southern California Edison (SCE) 
substation grading alternatives #1 and #2 that are shown on Sheet 9 of the Tentative Map.  
The area associated with these grading alternatives is located about two miles southwest from 
the main area of Mission Village, between Potrero Canyon and Legacy Village (VTTM 
061996).  Geologic/geotechnical investigations for Potrero Canyon and Legacy Village are 
currently being performed by Leighton and Associates.  Per your request, Leighton and 
Associates evaluated proposed grading alternatives #1 and #2 for the substation and 
presented their geologic/geotechnical conclusions and recommendations for the substation 
alternatives in their report dated November 26, 2007. 
 
Since Allan E. Seward Engineering Geology, Inc. (AESEGI) is the Engineering 
Geologist/Geotechnical Engineer of Record for VTTM 61105, we are providing this letter 
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report (in conjunction with the report by Leighton and Associates dated November 26, 2007) 
in support of the proposed offsite grading for SCE substation alternatives #1 and #2. 
 

GEOLOGIC AND GEOTECHNICAL REPORT - ADDENDUM NO. 3 
 
In order to facilitate the review process, we have listed the County’s remarks in bold in the 
order in which they appear on the original review letter.  Each remark is followed 
immediately by our response.  Copies of the review letters are attached after the references. 
 

GEOLOGIC REVIEW SHEET (Dated September 17, 2007) 
 
Remark No. 1 
 
An updated engineering geology report is required to evaluate the changes to the 
Tentative Map. (Note: Proposed off-site grading for SCE substation shown on sheet 9 
on the Tentative Map). 
 
Response 
 
Please refer to Leighton’s report dated November 26, 2007, which addresses the proposed 
SCE substation alternatives #1 and #2 shown on Sheet 9. 
 
Remark No. 2 
 
The Soils Engineering review dated 9/19/07 is attached. 
 
Response 
 
Acknowledged. 

SOILS ENGINEERING REVIEW SHEET (Dated September 19, 2007) 
 
Remark No. 1 
 
Provide static, seismic and surficial slope stability analyses for all slopes steeper than 
2:1 gradient or subject to adverse bedding conditions at the proposed SCE substation 
alternatives shown on Sheet No.9 of the tentative tract map.  Also, provide a 
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geotechnical cross-section, for each section analyzed, showing the critical failure plane 
used in the analyses.  Indicate the various shear strength parameters used in the 
analyses, in the appropriate segments of each failure plane.  Show locations of the cross 
sections used in slope stability analyses on the geotechnical map.  Recommend 
mitigation if factors of safety are below County minimum standards. 
 
Response 
 
Please refer to Leighton’s report for slope stability analyses for the proposed SCE substation 
alternatives #1 and #2 shown on Sheet 9 of the tentative map. 
 
Remark No. 2 
 
Show the following on the geotechnical map: 
a. Approximate limits and depth of removal and recompaction of unsuitable soils, as 

necessary. 
b. Grading required for construction of buttress/stabilization fills, as necessary. 
c. All recommended mitigation measures, as necessary. 
 
Response 
 
Leighton and Associates Preliminary Geotechnical Map - Plate 1 shows the recommended 
remedial measures for proposed SCE substation alternatives #1 and #2. 
 
Remark No. 3 
 
Requirements of the Geology Section are attached. 
 
Response 
 
Acknowledged. 
 
Remark No. 4 
 
Include a copy of this review sheet with your response. 
 

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



The Newhall Land and Farming Company  Job No: 07-2023-4 
December 4, 2007  Page 4 

Response 
 
A copy of each of the review sheets is attached to this report. 

1.0  CONCLUSIONS 
 
We have reviewed the referenced report by Leighton and Associates, dated November 26, 
2007, and accept that the findings, conclusions, and recommendations presented therein are 
acceptable for the proposed use.  Additional studies should be performed at the Grading Plan 
stage to refine the remedial measures for the proposed offsite grading for SCE substation 
alternatives #1 and #2 at a scale of 1”=40’. 
 
2.0  LIMITATIONS 
 
This report has been prepared by Allan E. Seward Engineering Geology, Inc. for the 
exclusive use of The Newhall Land and Farming Company and its design consultants for the 
specific site discussed herein.  This report should not be considered transferable.  Prior to use 
by others, this firm must be notified, as additional work may be required to update this 
report. 
 
In the event that any modification in the location or design of the proposed development is 
planned, the conclusions and recommendations contained in this report will require a written 
review by this firm with respect to the planned modifications. 
 
The proposed development is located in southern California, a geologically and tectonically 
active region, where large magnitude, potentially destructive earthquakes are common.  
Therefore, ground motions from moderate or large magnitude earthquakes could affect the 
project site during the design life of the proposed structure(s). 
 
Typically, faulting is confined to the area adjacent to a known fault.  However, absolute 
assurance against future fault displacement is not possible in tectonically active regions 
because new faults can form over time as the orientation and magnitude of deformational 
forces change in the earth's crust.  Therefore, the location and magnitude of new ground 
surface ruptures during a seismic event cannot be anticipated. 
 
In performing these professional services, this firm has used the degree of care and skill 
ordinarily exercised under similar circumstances by reputable geologists and geotechnical 
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ALLAN E. SEWARD
ENGINEERING GEOLOGY, INC. 

Geological And Geotechnical Consultants 

 
December 21, 2009 Job No: 09-1702R-4 
 
 
 
The Newhall Land and Farming Company 
23823 West Valencia Boulevard 
Valencia, California 91355 
 
Attention: Mr. Fred MacMurdo 
 
Subject: GEOLOGIC AND GEOTECHNICAL REPORT 

Review of Revised Vesting Tentative Tract Map 53108 (Dated 12/21/09) 
 
Project: Landmark Village 
 Newhall Ranch 
 Los Angeles County, California 
 
References: See end of text 
 
Dear Mr. MacMurdo: 
 
This report presents our opinions regarding the existing geologic and geotechnical conditions 
at the above-referenced site and their effects on the proposed development. 
 
1.0 INTRODUCTION
 
The following report has been prepared at the request of The Newhall Land and Farming 
Company (Newhall Land) to address the revised tentative map design for Landmark Village.  
This firm previously prepared a Geologic and Geotechnical report dated September 27, 2000 
and a subsequent addendum report dated February 10, 2001 addressing the tentative map 
dated June 11, 2000.  This tentative map was subsequently approved from a geologic and 
geotechnical standpoint in review sheets dated March 1, 2001 and March 19, 2001, 
respectively.  The revised tentative map design addressed herein was prepared by Psomas 
and consists of 13 sheets, dated December 21, 2009.  The revised plans now include off-site 
grading for a borrow site and associated water tank site at Adobe Canyon to the south, a 
levee at Onion Field to the south, interim grading for the construction of an interchange at the 
intersection of Highway 126 and Chiquito Canyon Road/Long Canyon Road and associated 
widening of Highway 126, a utility corridor to the proposed Newhall Ranch Water 
Reclamation Plant (WRP) site to the west, and construction of a water tank site on PM 18108 
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to the northeast.  All of this adjacent (off-site) property is currently owned by Newhall Land.  
The geologic and geotechnical conditions at the proposed borrow site, levee, and proposed 
improvements north of Highway 126 at Chiquito Canyon Road were previously described in 
our report for The Homestead project, VTT 060678 (see referenced report dated 9/30/05).  
The proposed Utility Corridor was addressed from a geotechnical standpoint in our 
referenced report (dated 5/25/07).  The conclusions and recommendations presented in our 
previous referenced reports remain applicable, except where superceded in this report. 
 
2.0 SCOPE OF WORK 
 
The scope of work performed for this study included the following tasks: 
 
1. Coordination with Newhall Land and the project supervising Civil Engineer, Psomas. 
 
2. Review of the tentative map plans dated 12/21/09 prepared by Psomas, which utilizes 

updated topography prepared by Hunsaker and Associates, flown on 5/24/06 and 
compiled on 11/15/06. 

 
3. Review of our previous reports for Landmark Village, the subject portions of the 

adjacent Homestead development (VTTM 060678), the proposed Utility Corridor, and 
the proposed Newhall Ranch WRP site. 

 
4. Review of updated liquefaction analyses and incorporation of the results into our 

conclusions and recommendations for the site. 
 
5. Revision of our geologic cross sections to reflect the revised, proposed grades and 

updated topography. 
 
6. Updating of previous slope stability analyses at critical cross sections, based on the 

revised grades and topography. 
 
7. Geologic and geotechnical review of the off-site grading proposed north of Highway 

126, east of Chiquito Canyon Road, and of previous mapping and analyses for the 
Homestead project in this area.  Preparation of pertinent cross sections, geologic and 
geotechnical analyses, completion of appropriate stability analyses, and development of 
conclusions and recommendations for the proposed grading. 
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8. Geologic and Geotechnical review of grading proposed for the off-site borrow area and 
for the associated tank site at Adobe Canyon, located south of the Santa Clara River, and 
of previous mapping and analyses for the Homestead project in this area.  Preparation of 
pertinent cross sections, geologic and geotechnical analyses, completion of appropriate 
stability analyses, and development of conclusions and recommendations for the 
proposed grading. 

 
9. Geologic and geotechnical review of the temporary levee proposed south of the Santa 

Clara River at the Onion Field portion of The Homestead project, based on data from our 
referenced report. 

 
10. Geologic and geotechnical review of the proposed grading for the Utility Corridor 

design and incorporation of data and conclusions presented in our referenced report. 
 
11. Review of the water tank site proposed at Parcel Map 18108 and a report prepared by 

R.T. Frankian & Associates dated 3/28/08, addressing the geologic and geotechnical 
conditions at the site. 

 
12. Preparation of updated geologic/geotechnical maps for the site utilizing the revised 

tentative map as a base. 
 
13. Preparation of the text of this report, which summarizes the results of our analyses and 

updated conclusions and recommendations for the development of the site. 
 
14. Preparation of this report and associated figures, logs, and tables in hard copy and digital 

(Pdf) format. 
 
3.0 SITE DESCRIPTION 
 
Vesting Tentative Tract 53108, also known as Landmark Village, is a portion of the Newhall 
Ranch Development located in northwestern Los Angeles County.  This 292.6 acre site is 
located south of Highway 126, north of the Santa Clara River, west of Castaic Creek and east 
of the Chiquito Canyon drainage.  The limits of development adjacent to the Santa Clara 
River and Castaic Creek channels have been modified from the 6/11/00 design to provide a 
wider buffer between areas proposed for development and the river habitat.  The site is 
generally flat except for existing banks between younger and older alluvium, and ascending 
fill slopes and local bedrock outcrops along the south side of Highway 126.  The site ranges 
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in elevation from approximately 900 feet along the Santa Clara River on the southwestern 
portion of the site to a high point of 1005 ft on a knob along Highway 126 (see Tentative 
Map for details of the site topography).  Much of the site is currently used for agricultural 
purposes.  Portions of the northern margin of the site have been disturbed by construction 
associated with Highway 126, the abandoned Southern Pacific railroad line, and various 
pipelines.  Debris, including concrete and asphalt concrete blocks, has been placed on several 
portions of the site.  There are five abandoned oil wells and at least 13 water wells on or 
immediately adjacent to the site.  The revised tentative map plans also include off-site 
grading on the Adobe Canyon, Onion Field, and Chiquito Canyon portions of the adjacent 
Homestead Project (VTT 060678), along the south side of Highway 126 westward to the 
proposed WRP site, and to the north at PM 18108 (see attached plans for details). 
 
4.0 PROPOSED DEVELOPMENT 
 
Vesting Tentative Tract 53108 is proposed as a residential and commercial development 
consisting of 422 lots that are to provide 1444 dwelling units (see Sheets 3 and 4).  In 
addition to residential and commercial buildings, a school, a fire station, park site, open space 
and recreational areas, and a fire station are proposed.  A lot summary of the proposed 
development is provided on Sheet 1 of the Tentative Map.  A buried, soil-cement liner is 
proposed to provide bank protection along the edges of the channels of the Santa Clara River, 
Castaic Creek, and Chiquito Canyon drainage.  A variable gradient (not steeper than 3:1) fill 
slope is proposed in front of the channel liner.  Access to the site will be provided along 
Highway 126 at Wolcott Road and at Chiquito Canyon/Long Canyon Road.  Final grade will 
be raised from 1 to 18 ft over much of the site, requiring the import of approximately 5.92 
million yd3 of fill.  The tallest proposed cut and fill slopes on Landmark Village are located 
along the south side of Highway 126.  Retaining walls up to 12 ft in height are now 
incorporated into the slope design, as shown on the Tentative Map.  All of the proposed cut 
and fill slopes are less than 28 ft in height. 
 
Additional grading has now been incorporated into the tentative map design for VTT 53108 
at several off-site locations.  The off-site improvements include grading to construct an 
interchange between Highway 126 and Chiquito Canyon Road/Long Canyon Road and 
associated widening of Highway 126 for an off ramp (see Sheets 3 and 11).  Grading for a 
borrow site and associated water tank site at the Adobe Canyon portion of the Homestead 
project (VTT 060678) located south of the Santa Clara River, is shown on Sheet 11.  A 
temporary levee with a soil cement liner is proposed along the south side of the Santa Clara 
River at the Onion Field portion of the Homestead project (See Sheet 5).  A Utility Corridor 
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is proposed extending along the south side of Highway 126 from the west end of Landmark 
Village westward to the proposed WRP site (see Sheets 9 and 10).  Off-site debris basins 
associated with the WRP site are also shown on Sheet 9.  A Zone 1A water tank site is 
proposed on the adjacent PM 18108, as shown on Sheet 6.  Geologic and geotechnical 
conditions at Chiquito Canyon Road, Adobe Canyon, and Onion Fields are presented in the 
referenced report by AESEGI for the Homestead project.  The interim conditions proposed 
on the Landmark Village tentative map for these off-site areas are addressed herein utilizing 
data from our 9/30/05 Homestead report (see References).  The anticipated geologic 
conditions for the proposed Utility Corridor are described in our referenced report (dated 
5/25/07) and the proposed off-site debris basins associated with the WRP site are addressed 
in our referenced reports (dated 6/19/06, 9/8/06, and 1/25/08).  The Zone 1A Tank site at PM 
18108 has been addressed by the project geotechnical consultant for PM 18108.  A copy of 
their report is included as Appendix D of this report. 
 
5.0 GEOLOGY
  
The subject site is in the eastern Ventura Basin of southern California.  The Ventura Basin is 
a westerly plunging depositional basin produced by tectonic downwarping initiated during 
the early Miocene and its axis approximately coincides with the Santa Clara River.  All of the 
geologic formations exposed on the subject site were deposited within the Ventura Basin.  
Most of the subject site is covered by alluvium and older alluvium.  Bedrock of the Pico 
Formation and Saugus Formation locally crops out on the site along the south side of 
Highway 126.  The bedrock exposed at the site has been warped into an east-plunging 
anticinal fold.  Details of the geologic units and structural at the site are provided in the 
referenced reports for VTT 53108 and in the referenced reports for the associated off-site 
areas. 
 
6.0 SEISMIC CONSIDERATIONS 
 

6.1 California Building Code Response Spectrum 
 

The following parameters should be used for calculation of the California Building Code 
(CBC) response spectrum: 
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� Site Class = D [CBC, Table 1613A.5.2] 
� Ss = 2.242g 
� S1 = 0.685g 
� Fa = 1.0 [CBC, Table 1613.5.3 (1)] 
� Fv = 1.5 [CBC, Table 1613.5.3 (2)] 

 
The values for Ss and S1 listed above were obtained using the Seismic Hazard Curves 
and Uniform Hazard Response Spectra computer program developed by the United 
States Geologic Survey (USGS). 

 
6.2 Liquefaction

 
The potential for liquefaction at the Landmark Village site and for associated post-
earthquake liquefaction-induced settlement was originally assessed for 8 of the 64 CPT 
soundings presented in our referenced report dated 9/27/00.  We subsequently analyzed the 
potential for liquefaction in 21 CPT soundings utilizing current procedures set forth by the 
California Geological Survey and in the 2007 California Building Code.  Details of our 
liquefaction analyses are presented in Appendix C. 

 
Our analyses indicate that potential liquefaction-induced settlement will be less than one 
inch at 11 of the 21 CPT sounding locations that we analyzed and that potential 
liquefaction-induced settlement between about one and two inches could occur in the 
vicinity of CPT soundings 5, 13, 19, 96, 105, 106, 108, 109, 111, and 115.  We have made 
minor revisions to the recommended alluvial removal depths shown on the attached 
Geotechnical Map in order to mitigate potential liquefaction-induced settlements in the 
vicinity of these CPT soundings. 

 
7.0 GENERAL CONCLUSIONS AND RECOMMENDATIONS 
 

7.1 Feasibility of Development 
 
Vesting Tentative Tract 53108 is feasible for development from a geologic/geotechnical 
standpoint, provided that the recommendations presented in our prior reports and in this 
report are incorporated into the Tentative Map design and implemented during 
construction.  The earthworks recommendations provided in our previous reports remain 
applicable, except where superceded in this report. 
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7.2 Earthworks Recommendations 
 

7.2.1  Removals 
 
Removal depth recommendations are provided on the attached Geologic/Geotechnical 
Map for VTT 53108 based on our previous review of the site alluvial conditions and on 
our updated liquefaction analyses.  Ground water may be encountered during grading 
removals, as discussed in our previous reports.  The grading contractor should be 
prepared to implement dewatering measures as necessary, to achieve the recommended 
removals.  Anticipated removal depths for off-site grading are based on previous,  
site-specific investigations, as described herein. 
 
7.2.2  Fill Compaction for Roadways 
 
Roads with gradients as shallow as 0.5% are proposed at the site.  As discussed in our 
referenced Geotechnical Letter Report (dated 8/27/07), fill depths and underlying dense 
alluvial deposits are expected to be relatively uniform across the site and the fill 
materials are anticipated to be dominantly granular in nature.  Therefore, potential 
differential settlement is expected to have a negligible impact on the constructed 
gradients of the proposed roadway alignments, provided that our recommendations for 
removal of unsuitable soils and fill placement are followed during the grading 
operations.  In order to further limit potential affects of fill settlement on the roadway 
gradients, the top 2 ft of fill materials below the road base should be compacted to at 
least 95% of Maximum Dry Density (per ASTM D1557). 
 
7.2.3  Proposed Fill Slopes 
 
Review of the revised Tentative Map indicates that no fill slopes greater than 28 ft in 
height are proposed on Landmark Village.  All fill slopes are proposed at a gradient of 
2:1 (h:v) or shallower.  Based on the shear strengths of site materials and of anticipated 
import materials, gross stability of these fill slopes is expected to be satisfactory.  
However, granular alluvial soils at the site have a low cohesion and are not expected to 
provide satisfactory surficial stability.  Therefore, the fill material within one equipment 
width (12 ft minimum) of the slope face should be constructed with cohesive material 
obtained by selective grading of on-site or imported cohesive materials. 
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7.2.4  Proposed Cut Slopes 
 
Review of the revised Tentative Map design for VTT 53108 indicates that no cut slopes 
greater than 28 ft in height are proposed. 
 
A 27 ft high cut slope is proposed along Highway 126 on the western portion of the site.  
Based on conditions observed in Bucket-Auger Boring BA-1R, a daylighted bedding 
component will be exposed in the Pico Formation bedrock, as shown on Cross Sections 
1-1’ and 2-2’ (see Sheet 3).  Slope stability analyses of Cross Sections 1-1’ and 2-2’ are 
presented in Appendix B.  Results of these analyses indicate a factor of safety under 
static loading conditions greater than 1.5 for Cross Section 1-1’.  However, owing to fill-
over-cut conditions that would exist over most of this slope, a 15 ft wide stability fill 
with a 3 ft deep keyway is recommended.  Slope stability results for Cross Section 2-2’ 
indicate a factor of safety less than 1.5 under static loading conditions for this slope.  
Therefore, a 15 ft wide buttress with a 3 ft deep keyway is recommended for this slope. 
 
Daylighted bedding conditions and older alluvium are also anticipated to be exposed in a 
small, 28 ft high composite cut slope located farther to the east, based on conditions 
observed in Boring BA-2R.  Slope stability analysis of Cross Section 3-3’ also indicates 
a factor of safety less than 1.5 under static loading conditions.  In order to satisfy 
minimum safety factor requirements and to prevent potential surficial instability from 
fill-over-cut and older alluvium-over-bedrock conditions, a 15 ft wide buttress with a 3 ft 
deep keyway is recommended for this slope. 
 
Minor cut slopes are proposed elsewhere on the site that will expose alluvium or 
artificial fill.  These materials should be removed and replaced with a compacted 
stability fill.  Therefore, no cut slopes will remain on the site following completion of 
grading.  Selective grading and stockpiling of cohesive soils for subsequent placement in 
stability fills and buttress fills is recommended, as discussed in the Proposed Fill Slope 
section above. 
 

7.3 Retaining Walls 
 
Retaining walls up to 12 ft in height are now proposed along much of the proposed slope 
descending from Highway 126.  Specific parameters for the design of these retaining walls 
will be provided at the grading plan stage.  Gross slope stability of slopes behind and in 
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front of the proposed retaining walls has been evaluated.  The results of these analyses are 
provided in Appendix B. 
 
7.4 Buried Bank Stabilization 
 
A buried soil cement liner is proposed along the southern, eastern, and western boundaries 
of the project in order to protect the development from erosion and damage resulting from 
potential storm flow events along the Santa Clara River, Castaic Creek, and Chiquito 
Canyon drainages respectively.  The bank protection alignment and design has been 
modified from the Tentative Map layout addressed in our referenced 9/27/00 report.  A 
Geotechnical report will be provided under separate cover addressing the proposed soil-
cement design. 
 

8.0 OFF-SITE GRADING 
 
The recommendations provided below for specific off-site locations supplement the general 
recommendations provided in the preceding section of this report. 
 

8.1 Onion Field Levee 
 
A levee with buried bank stabilization is proposed along the south bank of the Santa Clara 
River (see Sheet 5) to protect the Onion Field area from erosion damage during storm 
flows.  The levee is underlain by granular alluvium and older alluvium.  This area was 
addressed from a geotechnical standpoint in our report for VTT 060678 (dated 9/30/05).  
Pertinent subsurface exploration locations and recommended removal depths in the 
vicinity of the proposed levee are shown on Sheet 5 of the attached Geologic/Geotechnical 
Map.  Ground water may be encountered within the removal excavation for the levee.  The 
grading contractor should be prepared to implement dewatering measures, if necessary.  
Removals should extend a horizontal distance equal to the removal depth behind the toe of 
the 5:1 (h:v) levee back slope in order to provide lateral support for the fill and to avoid 
the need to undercut the 5:1 fill slope during future removals for the adjacent Onion Field 
area.  None of the recommended removals are anticipated to be deeper than the excavation 
for the buried liner.  A detailed geotechnical report addressing the buried bank protection 
will be provided under separate cover. 
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8.2 Zone 1A Water Tank at PM 18108 
 
A Zone 1A Water Tank is proposed at elevation 1172.0 above Franklin Parkway on PM 
18108 as part of the Tentative Map for Landmark Village (see Sheet 6).  A Geotechnical 
Report addressing the tank site was completed by the Project Geotechnical Engineer for 
PM 18108, R.T. Frankian and Associates dated 3/28/08.  A copy of their report is attached 
in Appendix D.  We have reviewed this report and accept that the findings, conclusions 
and recommendations presented therein are acceptable for the proposed use. 
 
8.3 Utility Corridor to WRP Site 
 
Sheets 9 and 10 illustrate a proposed Utility Corridor alignment extending along the south 
side of Highway 126 from the west end of Landmark Village to the proposed Newhall 
Ranch Water Reclamation Plant (WRP) site, west of San Martinez Grande Canyon.  This 
segment of the proposed Utility Corridor was evaluated in our referenced report dated 
5/25/07.  Soil-cement and turf reinforcement mat are proposed along portions of the Utility 
Corridor to protect the utility lines from damage during storm flows along the Santa Clara 
River.  A geotechnical evaluation of the proposed bank protection will be provided under 
separate cover.  Proposed mass grading for the WRP Site and for the desilting basins 
located to the north of Highway 126 were addressed in our referenced reports for the WRP 
site and the associated storm drains (dated 6/19/06, 9/8/06, and 1/25/08). 
 
8.4 Interchange at Highway 126 and Chiquito Canyon Road/Long Canyon Road 
 

8.4.1  Introduction 
 
Sheet 11 of the attached Tentative Map illustrates proposed grading to allow for 
construction of an interchange where Highway 126 crosses the ultimate alignment of 
Chiquito Canyon Road/Long Canyon Road.  The proposed design includes widening of 
Highway 126 to the north to allow for construction of on ramps and off ramps.  The 
proposed grading includes construction of south-facing cut slopes and fill slopes and 
small north-facing cut slopes adjacent to Highway 126, placement of disposal fill in 
adjacent tributary canyons and on the east side of Chiquito Canyon, and construction of 
necessary debris basins.  Landslide Qls-XVIII(B) will be completely removed by the 
proposed grading. 
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8.4.2  Cut Slopes 
 
Cut slopes are proposed along the north side of Highway 126 at gradients ranging from 
2:1 to 3.5:1 (h:v).  The large, south-facing cut slopes are designated as CS-1 through CS-
4 on the attached Geotechnical Map for ease of reference.  Bedding structure dips in the 
direction of these south-facing slopes, producing potentially adverse conditions.  Four 
geologic cross sections (4-4’ through 7-7’) were therefore constructed to illustrate the 
subsurface bedrock geometry at critical locations for analysis.  Data from two new 
borings (designated as B-1 and B-2) were used to help define the stratigraphy and 
structure of the bedrock and ground water conditions in this area.  The location of the 
interfingering contact between the Saugus and Pico Formations was revised based on 
these borings. 
 
Cut-slope CS-1: A small (30 ft high maximum), south-facing cut slope is proposed west 
of Chiquito Canyon Road and north of the proposed on ramp.  This slope is anticipated 
to expose daylighted bedding conditions within the Pico Formation.  Owing to the small 
size of the slope, a stability/buttress fill with a 15 ft wide, 3 ft deep keyway is considered 
adequate to provide global and surficial stability.  Cut-slope CS-1 bends northward along 
Chiquito Canyon Road.  This portion of the slope will expose neutral bedding conditions 
and is expected to be grossly stable. 
 
Cut-slope CS-2: A large (175 ft high), south-facing cut slope is proposed east of 
Chiquito Canyon Road and north of the proposed off ramp.  The lower 20 to 25 ft of this 
slope is proposed at a 2:1 (h:v) gradient, in general conformance with future proposed 
grades for VTT 060678 (in-progress).  The upper portion of the slope is above future 
proposed grades for VTT 060678 and is designed at a gradient of 3.5:1 (h:v).  Cross 
section 4-4’ was constructed to illustrate the subsurface geologic conditions and to use 
for evaluating the stability of this slope.  The cut slope is in close proximity to the 
interfingering contact between the Pico and Saugus Formations.  The more conservative 
cross bedding strength (from the Pico Formation) and the more conservative bedding 
plane strength (from the Saugus Formation) were used in our stability analyses. 
 
Analysis of cross section 4-4’ indicates that cut-slope CS-2 meets minimum Los Angeles 
County factor of safety requirements (see Appendix B).  However, a buttress was 
previously recommended for the lower portion of this slope relative to design grades for 
VTT 060678 and potential subsurface water conditions that were analyzed in our 
referenced report, dated 9/30/05.  The design and need for this buttress should be 
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confirmed relative to the final Tentative Map design for VTT 060678.  A stability fill 
with a 5 ft deep by 25 ft wide keyway may be needed on the lower 2:1 (h:v) portion of 
the slope as a precaution relative to the daylighted bedding conditions and because of 
potential exposure of weak interbeds along the Pico/Saugus Formation contact.  Portions 
of Landslides Qls-XVI(B) and Qls-XVII(B) will be exposed on the eastern portion of 
CS-2.  It is recommended that this slope be expanded to the east to allow for removal 
and replacement of the landslide material.  Landslide Qls-XVI(B) is up slope of the 
proposed debris basin and should be removed to eliminate potential impacts to this 
basin. 
 
Cut-slope CS-3: A 125 ft high cut slope is proposed east of CS-2.  The lower two-thirds 
of this slope is proposed at a 2:1 (h:v) gradient in general conformance with future 
proposed grades for VTT 060678.  The upper third of the slope is above future proposed 
grade for VTT 060678 and is designed at a 3.5:1 (h:v) gradient.  This slope is expected 
to dominantly expose bedrock of the Saugus Formation.  However, the Pico Formation 
may locally be exposed owing to the interfingering nature of the Pico/Saugus contact.  
The more conservative of the two formational strengths for bedding plane and cross 
bedding conditions were therefore used in our stability analyses.  The geometry of the 
proposed slope relative to existing topographic and geologic conditions is illustrated on 
cross section 7-7’, which was modified from cross section 9B-9B’ from our referenced 
report for VTT 060678.  Based on our analyses, the slope does not meet the minimum 
required factor of safety for stability (see Appendix B).  A buttress with a keyway 7 ft 
deep and 75 ft wide will increase the factor of safety above Los Angeles County’s 
minimum requirements.  This recommended buttress design is shown on geologic cross 
section 7-7’ (Plate I) and on the attached Geologic/Geotechnical Map for Sheet 11 (see 
Appendix E).  A buttress was also recommended for the lower portion of this slope 
during our investigation for VTT 060678 (see referenced report dated 9/30/05).  The 
design of this buttress should be confirmed relative to the final Tentative Map design for 
VTT 060678. 
 
Cut-slope CS-4: A 215-ft high, composite cut and fill slope is proposed east of CS-3 on 
the north side of Highway 126.  The cut slope areas are dissected by three narrow 
canyons.  Placement of fill will be required in these canyons to achieve the proposed 
slope grades.  This slope is proposed at a 2.5:1 (h:v) gradient.  Cross section 5-5’ and  
6-6’ were constructed to illustrate critical bedrock conditions relative to the proposed 
slope.  This cut slope is expected to expose bedrock of the Saugus Formation.  Analysis 
of cross section 5-5’ indicates that the western portion of the slope does not meet the Los 
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Angeles County minimum factor of safety requirement for pseudo-static conditions (see 
Appendix B).  A buttress with a 7 ft deep and 75 ft wide keyway will increase the factor 
of safety of the subject portion of CS-4 above the Los Angeles County minimum 
requirements.  This buttress design is illustrated on geologic cross section 5-5’ (see Plate
I) and on the attached Geologic/Geotechnical Map for Sheet 11 (See Appendix E).  
Analysis of cross section 6-6’ indicates that the eastern portion of the slope will have 
factors of safety in excess of Los Angeles County minimum requirements.  However, 
owing to the sliver cuts and fills proposed at this slope and potentially adverse bedding 
conditions, a stability fill with a 55 ft wide and 5 ft deep keyway is recommended for the 
eastern portion of the slope. 
 
The small, north-facing cut slopes between Highway 126 and the proposed off ramps are 
expected to expose antidip bedding and are anticipated to be grossly stable. 
 
8.4.3  Disposal Fills 
 
Disposal fill areas are proposed at four locations north of Highway 126, designated as 
DF-1 through DF-4 for reference (see Sheet 11 for locations).  Canyon subdrains will be 
required for these disposal fills.  The design of these drains should be addressed at the 
Grading Plan stage. 
 
Disposal fill DF-1: This disposal fill is located in the small tributary canyon between 
cut-slopes CS-3 and CS-4 and includes construction of a fill slope connecting the two 
cut slopes.  Much of this canyon is underlain by artificial fill associated with a pad for 
the Exxon Mobil Corp Castaic Junction Gas Unit #1’ well.  The portions of the artificial 
fill and any loose soil or slopewash underlying the proposed fill slope should be 
removed prior to placement of compacted fill.  The artificial fill and any underlying soils 
and slopewash behind the slope should also be removed to allow placement of structural 
fill for future use as part of VTT 060678.  Alternatively, if the artificial fill is not 
removed (for the intended use as a disposal fill only), the area of nonstructural fill should 
be designated with a Geotechnical Note to address potential future settlement.  Any 
remaining artificial fill should be removed and recompacted prior to future development 
for VTT 060678.  The well should be tested in the field during grading to check for leaks 
and abandoned in compliance with the requirements of the California Division of Oil 
and Gas. 
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Disposal fill DF-2: This disposal fill is proposed in the tributary canyon located between 
cut-slopes CS-2 and CS-3, and includes construction of a fill slope connecting the two 
cut slopes.  This disposal fill overlies portions of Landslides Qls-XIII(B), Qls-XIV(B) 
and Qls-XVI(B).  Analyses of cross sections 8-8’ and 9-9’ (modified from cross sections 
7B-7B’ and 10B-10B’ for VTT 060678) indicate that these landslides do not meet the 
minimum Los Angeles County factor of safety requirements with placement of the 
proposed disposal fill.  For the current intended use as a disposal fill, it is our 
understanding that these landslides will not be mitigated.  Therefore, the landslides have 
been designated within a recommended Restricted Use Area on the attached 
Geologic/Geotechnical Map.  Recommendations to mitigate these landslides relative to 
future proposed development for VTT 060678 are provided in our referenced report 
dated 9/30/05.  All compressible landslide material, slopewash and alluvium must be 
removed prior to placement of future structural fills. 
 
Qls-XVI(B) is a shallow landslide located on the east margin of cut-slope CS-2.  
Disposal fill and a debris basin are proposed to overlie this landslide.  In order to 
mitigate potential impacts to the proposed debris basin from settlement and potential 
accumulation of landslide debris, it is recommended that this landslide be completely 
removed and the slope reconstructed as an extension of CS-2. 
 
Disposal fill DF-3: This disposal fill is proposed to the northwest of CS-2 on the east 
side of Chiquito Canyon Road.  A 4:1 (h:v) fill slope roughly 90 ft high is proposed with 
this disposal site.  Based on previous analyses of higher, steeper fill slopes in this area 
for VTT 060678, this slope will be grossly stable per Los Angeles County criteria.  This 
fill will overlie alluvium and Pico Formation bedrock.  The alluvial removals within the 
footprint of this disposal fill that are recommended in our referenced report for VTT 
060678 dated 9/30/05 should be completed prior to placement of compacted fill (see 
Sheet 11 for details). 
 
Disposal fill DF-4: This disposal fill is proposed on the east side of Chiquito Canyon 
Road, roughly 1500 ft north of Highway 126.  A 70-ft high 4:1 (h:v) fill slope is 
proposed at this site.  This fill will overlie Pico Formation bedrock, landslides Qls-X(B) 
and Qls-XI(B), surficial failures, and alluvium.  All unsuitable landslide material, 
artificial fill, and surficial failures within the disposal fill footprint should be removed 
prior to placement of compacted fill.  The alluvial removals recommended in our 
referenced report for VTT 060678 should also be completed prior to placement of 
compacted fill (see Sheet 11 for details).  Additional removals will likely be required 
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beyond the proposed disposal fill footprint at Qls-XI(B) in order to tie the fill slope into 
competent material. 
 

8.5 Adobe Canyon Borrow Site and Water Tank Site 
 
A borrow site is proposed at the Adobe Canyon portion of VTT 060678, on the south side 
of the Santa Clara River.  This borrow site is designed to generate 6,468,500 cubic yards 
of raw cut and a net export of 6,322,200 cubic yards of export fill.  The borrow materials 
will be generated almost entirely from the granular, lower member of the Saugus 
Formation.  The fills will be generated by cutting of ridges on the flanks of Adobe 
Canyon, which will produce cut slopes to heights of up to 175 ft.  All of these cut slopes 
are expected to expose antidip to neutral bedding conditions or bedding dipping steeper 
that the slope.  The slopes will expose the lower member of the Saugus Formation, with 
local exposure of subhorizontal terraced deposits (see cross sections 28L-28L’ through 
37L-37L’ on Plate I in Appendix E, which are revised from our referenced report for 
VTT 060678).  Analysis of the highest cut slope (CS-34L) with cross section 28L-28L 
indicates that the antidip cut slopes will be grossly stable per Los Angeles County 
requirements. 
 
Two small landslides (Qls-XIL and Qls-XIIL) are within the borrow site footprint.  Most 
of the landslide material will be removed by proposed borrow site grading.  The remainder 
of these landslides will be removed by the proposed grading for VTT 060678.  The 
alluvial and artificial fill removals recommended in our referenced report for VTT 060678 
for Adobe Canyon should be completed prior to future development of the site. 
 
A water tank site is proposed at an elevation of 1170 ft near the top of cut-slope CS-36La.  
The cut slopes proposed adjacent to the tanks site will expose antidip to neutral bedding 
conditions and will be grossly stable based on analysis of the more critical conditions at 
cut-slope CS-34L. 
 

9.0 LOS ANGELES COUNTY 111 STATEMENT 
 
In compliance with Section 111 of the Los Angeles County Building Code, it is the finding 
of this firm that the proposed development designated on Vesting Tentative Tract 53108 will 
be safe against hazard from landslide, settlement or slippage and will not affect off-site 
property provided that all our recommendations are incorporated into the Grading Plan and 
implemented during construction.  It is also our finding that the proposed grading shown on 
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off-site areas associated with the Landmark Tentative Map will be safe for the uses intended 
and will not affect off-site property provided that all our recommendations are incorporated 
in the Grading Plan and implemented during construction. 
 
10.0 GEOLOGIST/GEOTECHNICAL ENGINEER OF RECORD 
 
This report has been prepared assuming that Allan E. Seward Engineering Geology, Inc. will 
refine all geologic and geotechnical data, as required, for the Grading Plan phase of this 
project.  If this work is performed by another party, that party must review this report, 
assume full responsibility for recommendations contained herein, and assume the title of 
responsibility as “Geologist/Geotechnical Engineer of Record” for the specific work. 
 
11.0 LIMITATIONS 
 
This report has been prepared by Allan E. Seward Engineering Geology, Inc. for the 
exclusive use of The Newhall Land and Farming Company and its design consultants for the 
specific site discussed herein.  This report should not be considered transferable.  Prior to use 
by others, this firm must be notified, as additional work may be required to update this 
report. 
 
In the event that any modification in the location or design of the proposed development is 
planned, the conclusions and recommendations contained in this report will require a written 
review by this firm with respect to the planned modifications. 
 
The proposed development is located in southern California, a geologically and tectonically 
active region, where large magnitude, potentially destructive earthquakes are common.  
Therefore, ground motions from moderate or large magnitude earthquakes could affect the 
subject site during the design life of the proposed structures. 
 
Typically, faulting is confined to the area adjacent to a known fault.  However, absolute 
assurance against future fault displacement in other areas is not possible in tectonically active 
regions because new faults can form over time and long inactive (pre-Holocene) faults may 
be reactivated in response to evolving tectonic stresses and geologic conditions in the earth’s 
crust.  Therefore, the location and magnitude of new ground surface ruptures during a 
seismic event cannot be anticipated. 
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In performing these professional services, this firm has used the degree of care and skill 
ordinarily exercised under similar circumstances by reputable geologists and geotechnical 
engineers practicing in this or similar localities.  The data presented in this report are based 
on results of pertinent field and laboratory testing.  It should be recognized that subsurface 
conditions can vary in time, and laterally, and with depth at a given site.  Since the 
conclusions and recommendations presented in this report are based on our observations and 
testing, our conclusions and recommendations are professional opinions and are not
meant to be a control of nature.  Therefore, we make no other warranty either expressed or 
implied. 
 
This report may not be duplicated without the written consent of this firm. 
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The following attachments and appendices complete this report. 
 

VOLUME I 
References 
APPENDIX A – SUBSURFACE LOGS 
Bucket-Auger Borings 
� B-1 and B-2 
APPENDIX B – SLOPE STABILITY 
APPENDIX C – LIQUEFACTION ANALYSIS  
APPENDIX D – ZONE 1A TANK SITE REPORT 
� Geotechnical Grading Plan Review 

Proposed Offsite Zone 1A Water Tank Site 
Vesting Tentative Tract Map No. 53108 
Los Angeles County, California 
Dated March, 28, 2008 – JN: 99-802-21 
By R.T. Frankian & Associates 

VOLUME II 

APPENDIX E – CROSS SECTIONS AND MAPS 
Geologic Cross Sections Plate I 
� 1-1’ through 3-3’: Landmark Village 
� 4-4’ through 9-9’: Off-site Grading at Chiquito Canyon 
� 28L-28L’, 29L-29L’, 31L-31L’, 32L-32L’, 33L-33L’, 

36L-36L’ & 37L-37L’: Off-site Grading @ Adobe Canyon 
Borrow Site 

Vesting Tentative Tract Map 53108 
� Cover Sheet and Notes Sheet 1 
� Typical Sections and Details Sheet 2 
� Tentative Map Plan with Geologic/Geotechnical 

Mapping (1”=100’) Sheets 3 and 4 
� South Bank Temporary Levee with Geologic/Geotechnical 

Mapping Sheet 5 
� Sewer and Water Key Maps, Zone 1A Water Tank 

Site, and Profiles Sheet 6 
� Interim Design at Long Canyon Road and Typical 

Sections Sheet 7 
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VOLUME III 

� Wolcott Road Interchange and Chiquito Canyon 
Outlet Details Sheet 8 

� Off-site Improvements for Trunk Sewer/Utility 
Corridor to WRP Site with Geologic/Geotechnical 
Mapping Sheets 9 and 10 

� Off-site Grading for Chiquito and Adobe Canyons 
with Geologic and Geotechnical Mapping Sheet 11 

� Details and Sections Sheet 12 
� Large Lot Conveyance Map, Phasing Map & 

Detail Plan Sheet 13 
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SLOPE STABILITY ANALYSES 
 
Introduction
 
Static stability and pseudo-static stability were analyzed for cut slopes along the south side of 
Highway 126 and for cut slopes and natural slopes in off-site areas, including portions of 
Chiquito Canyon and Adobe Canyon of the adjacent Homestead Project, VTT 060678 (see 
attached plans in Appendix E for details).  Cross sections that illustrate critical bedding 
geometry and/or slope height were selected for analysis.  The Spencer method was used for 
calculation of the factor of safety of the analyzed slopes.  A horizontal acceleration of 0.15g 
was used in the pseudo-static (earthquake) stability analyses.  Results of the stability 
analyses, including slope geometry parameters, are summarized in Table B1 – Results of 
Slope Stability Analyses.  Slope stability diagrams that graphically illustrate the results of our 
analyses are attached for review. 
 
The GSTABL7 computer program by Garry H. Gregory (Gregory Geotechnical Software) 
was used to calculate the factor of safety of slopes at the project site.  Output is appended 
from the slope stability analysis runs (including a slope cross section that shows the surface 
with the lowest factor of safety, geotechnical parameters of soil layers, and other pertinent 
data).  The analysis surfaces with the lowest factor of safety value are also plotted on the 
cross sections in Appendix E. 
 
Slope Geometries and Subsurface Conditions
 
Stability analyses performed on the following slopes included cross-bedding and potential 
adverse bedding conditions, based on geologic data obtained near each cross section listed in 
Table B1. Buttresses were used in the stability analyses as mitigation for proposed cut slopes 
with calculated factors of safety lower than the minimum values required by Los Angeles 
County.  The geometries of proposed cut slopes at the site include the removal of vegetation, 
surficial soil, Terrace Deposits, and/or bedrock materials, and placement of compacted fill on 
portions of slopes where buttresses or stability fills are recommended. 
 
� Landmark Village (VTT 53108) 

Analyzed cut slopes within Landmark Village are shown on cross sections 1-1’, 2-2’, 
and 3-3’, and are located along the south side of Highway 126.  Fill-over-cut conditions 
are shown on cross sections 1-1’ and 3-3’ with retaining walls proposed at top and/or 
bottom of slope on each cross section.  These slopes are about 20 to 28 ft in height, with 
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2:1 (h:v) gradients and with daylighted bedding dipping out of the slope at about 15 to 
17 degrees.  In order to meet Los Angeles County requirements for gross and surficial 
slope stability, a buttress/stability fill with a 3 ft deep by 15 ft wide keyway is 
recommended for each slope. 
 

� Adobe Canyon (VTT 060678) 

Proposed cut-slope CS-34L, shown on cross section 28L-28L’, is the highest 2:1 (h:v) 
cut slope in the Adobe Canyon off-site grading area (175 ft).  Since favorable (antidip) 
bedding conditions are anticipated to be exposed in this cut slope, it meets Los Angeles 
County requirements for gross stability. 
 

� North of Highway 126 (VTT 060678) 

Proposed cut-slopes CS-2 and CS-3 are shown on cross sections 4-4’ and 7-7’, 
respectively.  Cut-slope CS-2 is a 175 ft high, combination 2:1 (h:v) and 3.5:1 (h:v) 
slope with potential adverse bedding dipping at about 15 degrees in the direction of the 
slope face.  Cut-slope CS-3 is a 125 ft high, combination 2:1 (h:v) and 3.5:1 (h:v) slope 
with daylighted bedding dipping out of slope at about 18 degrees.  In order to meet Los 
Angeles County requirements for gross slope stability, a buttress with a 7 ft deep by 75 ft 
wide keyway is recommended for cut-slope CS-3. 
 
Proposed cut-slope CS-4 is shown on cross sections 5-5’ and 6-6’.  Based on cross 
section 5-5’, CS-4 is 215 ft in height, with a 2.5:1 (h:v) gradient and with daylighted 
bedding dipping out of the slope at about 17 to 21 degrees.  The natural portion of the 
slope in the additional 20 ft above CS-4 has a 5:1 (h:v) gradient (total slope height of 
236 ft).  In order to meet Los Angeles County requirements for gross slope stability, a 
buttress with a keyway 7 ft deep by 75 ft wide is recommended for the western portion 
of cut-slope CS-4 per analysis of cross section 5-5’.  A 5 ft deep by 55 ft wide stability 
fill is recommended on the eastern portion of CS-4 owing to fill-over-cut and sliver cut 
and fill conditions. 
 
Landslides Qls-XIV(B) and Qls-XIII(B) and the proposed disposal fills are shown on 
cross sections 8-8’ and 9-9’, respectively.  Our analyses indicate that although the 
proposed fills will improve stability of these landslides, the slopes that include these 
landslides will not satisfy the factor of safety requirements of Los Angeles County.  It is 
our understanding that Landslides Qls-XIV(B) and Qls-XIII(B) will not be removed or 
mitigated relative to the future intended use as a fill disposal site.  Therefore, Restricted 
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Use Areas are recommended on the attached Geotechnical Maps for landslides Qls-
XIV(B) and Qls-XIII(B).  Recommendations for mitigation of these landslides relative 
to future development of the site for VTT 060678 are provided in our referenced report 
dated 9/30/05. 
 

Ground Water
 
Review of ground water data obtained during our previous investigations and from Bucket-
Auger borings B1 and B2 indicates that the proposed cut slopes in bedrock (Adobe Canyon 
and North of Highway 126) are above historic high ground water levels.  Ground water was 
modeled in the slope stability analyses using a pore pressure parameter (ru=0.12) at locations 
where a potential source for future ground water existed directly up gradient (updip) of the 
slope being analyzed. 
 
Shear Strength and Density Parameters
 
Shear strength and density parameters developed for our original Review of Tentative Tract 
Map report for VTT 53108 (dated September 27, 2000) were used for on-site slopes located 
within the subject VTT 53108 and an assumed shear strength and density were adopted for 
select fill materials recommended for use in the stability fills and buttresses.  These 
parameters are summarized in the following table: 

Shear Strength Parameters – VTT 53108 
STATIC PSEUDO-STATIC 

MATERIALS 
UNIT 

DENSITY 
(PCF) 

PHI 
(DEG) 

C 
(PSF) 

PHI 
(DEG) 

C 
(PSF) 

Bedrock (Tp), parallel to bedding  130 18 200 18 200 

Bedrock (Tp), cross bedding  130 31 185 45 203 

Older Alluvium (Qoa) 125 28.5 151 30 200 

Compacted Fill (Cef)  135 30.6 100 31 154 

Select Fill  135 30 300 30 300 

 
Shear strength and density parameters developed for our Review of Tentative Tract Map 
report for VTT 060678 (dated September 30, 2005) were used for slopes located within VTT 
060678.  These parameters are summarized in the following table: 
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Shear Strength Parameters – VTT 060678 
STATIC PSEUDO-STATIC 

MATERIALS 
UNIT 

WEIGHT 

(PCF) 
PHI 

(DEG) 
C 

(PSF) 
PHI 

(DEG) 
C 

(PSF) 
Bedrock (TQsL), parallel to bedding  130 20 200 29 500 

Bedrock (TQsL), cross bedding  130 35 500 38 600 

Bedrock (Tp), parallel to bedding  125 22 275 28 400 

Bedrock (Tp), cross bedding  125 30 350 36 500 

Terrace Deposits (Qt) 125 28 250 28 300 

Older Alluvium (Qoa) 120 28 250 29 300 

Compacted Fill (Cef)  130 30 300 30 300 

Landslide Mass (Qls) 125 25 200 29 300 

Slide Plane 125 12 125 15 250 

 
The strength parameters provided above for static loading conditions are residual values and 
the strength values for pseudo-static loading conditions are peak values. 
 
Surficial Stability
 
Permanent cut slopes that expose cut/fill transitions, daylighted bedrock, or Terrace Deposits 
should be constructed as stability fills.  The need for additional stability fills should be 
evaluated during grading operations. 
 
Conclusions 
 
The analyzed cut slopes comply with Los Angeles County minimum requirements for gross 
stability under static and pseudo-static loading conditions and for surficial stability, as 
applicable, provided that our recommendations are followed and incorporated into project 
construction.  The analyzed landslides do not comply with Los Angeles County minimum 
requirements for gross stability. The results of the stability analyses are summarized in Table
B1. 
 
The following attachments are located within this Appendix. 
 
Slope Stability Analyses Results Table B1 
Slope Stability Diagrams and Data Sheets for Runs 1 to 31 
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SLOPE STABILITY ANALYSES RESULTS 

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

FACTOR OF SAFETY CROSS 
SECTION FILE NAME SLOPE 

DESIGNATION 
ANALYZED 
SURFACE METHOD 

STATIC PSEUDOSTATIC 
(COEFF = 0.15) 

COMMENTS RUN 
NO. 

1-1’ T1S1A 
T1PS1A 

Cut slope Bedding Plane Spencer 1.70 1.22 

Minimum safety factor for daylighted slope 
behind proposed retaining wall; 
recommended stability fill with 15’w by 3’d 
keyway for surficial stability. 

1 
2 

2-2’ T2S1A 
T2PS1A 

Cut slope Bedding Plane Spencer 1.52 1.06 
Daylighted slope behind proposed retaining 
wall; Pseudo-static safety factor < 1.10; see 
recommended mitigation below. 

3 
4 

2-2’ T2S2A 
T2PS2A Cut slope Circular Spencer 1.51 1.61 Circular failure through slope less critical 

than bedding plane failure. 
5 
6 

2-2’ T2S1B 
T2PS1B 

Cut slope Bedding Plane Spencer 1.68 1.22 Analyses including proposed buttress / 
stability fill with 15’w by 3’d keyway. 

7 
8 

3-3’ T3S1A 
T3PS1A Cut slope Bedding Plane Spencer 1.40 1.05 Safety factor < minimum requirements; see 

recommended mitigation below. 
9 
10 

3-3’ T3S2A 
T3PS2A Cut slope Circular Spencer 1.50 1.58 Circular failure through slope less critical 

than bedding plane failure. 
11 
12 

3-3’ T3S1B 
T3PS1B 

Cut slope Bedding Plane Spencer 1.66 1.34 Analyses including proposed buttress / 
stability fill with 15’w by 3’d keyway. 

13 
14 

4-4’ T4S1A 
T4PS1A Cut slope CS-2 Bedding Plane Spencer 1.68 1.10 Minimum safety factor. 15 

16 

5-5’ T5S2B 
T5PS2B Cut slope CS-4 Bedding Plane Spencer 1.56 1.07 Pseudo-static safety factor < 1.10; see 

recommended mitigation below. 
17 
18 

5-5’ T5S1B 
T5PS1B 

Cut slope CS-4 Bedding Plane Spencer 1.66 1.14 Analyses including proposed buttress with 
75’w by 7’d keyway. 

19 
20 

6-6’ T6S1B 
T6PS1B Cut slope CS-4 Bedding Plane Spencer 1.78 1.28 Minimum safety factor. 21 

22 

7-7’ T7S1A Cut slope CS-3 Bedding Plane Spencer 1.48 -- 
Current design with day-lighted bedding.  
Minimum safety factor < 1.5. See mitigation 
below. 

23 
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SLOPE STABILITY ANALYSES RESULTS 

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

FACTOR OF SAFETY CROSS 
SECTION FILE NAME SLOPE 

DESIGNATION 
ANALYZED 
SURFACE METHOD 

STATIC PSEUDOSTATIC 
(COEFF = 0.15) 

COMMENTS RUN 
NO. 

7-7’ T7S2A 
T7PS2A 

Cut slope CS-3 Bedding Plane Spencer 1.64 1.13 Analyses including proposed buttress with 
75’w by 7’d keyway.  

24 
25 

8-8’ T8S1A Qls-XIV(B) Landslide 
Plane 

Spencer 2.40  Failure surface along entire basal slide 
plane. 

26 

8-8’ T8S4B Qls-XIV(B) Landslide 
Plane 

Spencer 1.43 -- Failure surface along upper portion of basal 
slide plane.  FS < 1.5; place Qls in RUA. 

27 

9-9’ T9S2A Qls-XIII(B) Landslide 
Plane Spencer 1.42 -- Failure surface along entire basal slide 

plane. FS < 1.5; place Qls in RUA. 28 

28L-28L’ T28LS1A 
T28LPS1A 

Cut slope CS-34L Circular Spencer 2.27 1.75 Highest 2:1 cut slope in Adobe Canyon area. 
Minimum safety factor. 

29 
30 
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EVALUATION OF POTENTIAL FOR LIQUEFACTION, EARTHQUAKE-
INDUCED SETTLEMENT, AND LATERAL SPREADING 

 
1. Introduction 
 

The potential for liquefaction, earthquake-induced settlement, and lateral spreading at 
the Landmark Village site were previously assessed and presented in our Geologic and 
Geotechnical Report - Vesting Tentative Tract 53108, dated 9/27/00.  We have 
subsequently updated our liquefaction assessment in conformance with the current 
criteria of the State of California and reassessed our recommendation for removal depths 
and potential grading constraints. 
 
Potentials for liquefaction and for earthquake-induced settlement were reassessed (in 
accordance with current criteria of the County of Los Angeles and the DMG SP117 
Guidelines referenced in those criteria) for 21 of the 64 CPT soundings that were 
previously performed at the site.  The procedures presented in the following references 
were used for this evaluation: 
 
� Liquefaction Resistance of Soils: Summary Report (NCEER/NSF, 2001), by Youd, 

Idriss, et al. 
 
� Cyclic Liquefaction and its Evaluation Based on the SPT and CPT, by Robertson 

and Wride, 1997. 
 
� Revised Multilinear Regression Equations for Prediction of Lateral Spread 

Displacement, Youd, Hanson, Corbett and Bartlett, ASCE Journal of Geotechnical 
and Geoenvironmental Engineering, December 2002. 

 
� Evaluation of Settlements In Sands Due To Earthquake Shaking, Tokimatsu and 

Seed, ASCE Journal of Geotechnical Engineering, August, 1987. 
 
Field and laboratory data obtained during previous investigations were used in our 
analyses. 
 
The liquefaction potential and seismic settlement analyses were performed in accordance 
with current criteria of the County of Los Angeles and the DMG SP117 Guidelines 
referenced in those criteria and updated in conformance with the requirements of the 
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2007 edition of the California Building Code (CBC).  Our analyses indicate that 
potential liquefaction-induced settlement will be less than one inch at 11 of the 21 CPT 
sounding locations that we analyzed and that potential liquefaction-induced settlement 
between about one and two inches could occur in the vicinity of CPT soundings 5, 13, 
19, 96, 105, 106, 108, 109, 111, and 115.  We have made minor revisions to the 
recommended alluvial removal depths shown on the attached Geotechnical Map in order 
to mitigate potential liquefaction-induced settlements in the vicinity of these CPT 
soundings. 
 
Potential for lateral spreading at the project site is believed to be low since laterally 
continuous, potentially liquefiable soil layers with a relative density corresponding to 
N160 � 15 are not present at the site. 
 

2. Data and Assumptions 
 

Factors that affect potential for liquefaction and seismic settlements at the project site 
include estimated ground motion parameters, engineering characteristics of site soils, and 
groundwater depth. 
 
a. Estimated Ground Motion Parameters 

 
In compliance with new criteria presented in the 2007 CBC, an updated 
Probabilistic Seismic Hazard Analysis (PSHA) was completed to evaluate the 
design basis ground acceleration at the site for use in our liquefaction analysis.  The 
computer program FRISKSP (version 4.0) by Thomas Blake was used in the 
analysis.  Per CBC criteria, we assessed potential accelerations with a 2% chance of 
exceedance in a 50 year period, i.e. a 2475 year return period.  Per CBC criteria, 
two-thirds of this acceleration should be used for analysis.   
 
The unweighted acceleration with a 2% chance of exceedance in 50 years at the site 
is estimated to be 1.24g, and two-thirds of this value is 0.83g.  The most likely 
scenario generating this acceleration is a 6.5 magnitude earthquake on the Santa 
Susana fault.  This design acceleration value is nearly the same as, but slightly lower 
than, the acceleration value of 0.87g with a 10% chance of exceedance in 50 years 
estimated during our previous analyses of the site.  The acceleration weighted for a 
standardized 7.5 magnitude earthquake is 0.56g, which is also slightly lower than 
the 0.59g value estimated in our previous analyses.  The reported accelerations are 
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the unweighted average of the three accelerations indicated by the attention 
relationships of Boore et al (1997) for site Class D, Sadigh et al (1997) for deep soil, 
and Campbell and Bozorgnia (1997) for alluvium (see summary Table C2 and 
sample output file for Boore et al (2007) run for details).  Weighted and unweighted 
accelerations of 0.56g and 0.83g, respectively, were used in our updated 
liquefaction analyses. 
 
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 relationship which represent averages of highly variable data 
measured 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. 

 
b. Engineering Characteristics of Site Soils 

 
Engineering characteristics of site soils were interpreted principally from data from 
Cone Penetration Test (CPT) soundings.  These data include tip resistance (qc), 
friction ratio (fs), interpreted soil types and fines contents, and groundwater levels 
from dynamic groundwater pressure dissipation tests.  As noted in our referenced 
9/27/00 report, there is substantial consistency between the soil types and the SPT 
blow counts observed in rotary-wash borings RW-11 and RW-13 and the soil types 
and SPT blow counts interpreted at adjacent locations in CPT soundings CPT-103 
and CPT-109, respectively. 

 
c. Ground Water Depth 

 
Existing ground water depths and Historic High ground water depths at the locations 
of the CPT soundings are provided in Table C1. 
 
Historic High Ground Water depth was adopted herein for evaluation of liquefaction 
potential and associated phenomena. 
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In-situ ground water depths were used for correcting SPT blow count data measured 
during sampling of boreholes to the standard effective overburden pressure (1.0 tsf) 
used in liquefaction analyses.  Effective vertical soil pressure based on the historic 
high ground water depth was used to estimate cyclic shear stress induced in site 
soils by earthquake shaking. 

 
3. CPT Logs and Interpretations 
 

Two versions of CPT logs and soil type interpretations have been prepared for each CPT 
sounding.  Soil type interpretation in the first version of the CPT logs, which were 
prepared by the company that performed the CPT soundings, is based on the procedures 
described by Robertson and Campanella, 1989.  This version is presented in our 
referenced 9/27/00 report.  The interpreted soil types from this version are used herein 
for estimation of equivalent SPT blow count values (for comparison with SPT blow 
count data from exploration borings). 

The second version of the CPT logs was prepared by AESEGI.  The interpreted soil 
types and percent fines provided in these logs were evaluated based on the procedures 
presented in Liquefaction Resistance of Soils: Summary Report (NCEER/NSF, 2001), by 
Youd, Idriss, et al.   Measured cone-tip resistance (qc), friction ratio (fs), and interpreted 
corrected SPT resistance (N160) from the first version of the CPT logs were used to 
evaluate the interpreted soil types and normalized qc and fs values shown on the second 
version of the CPT logs.  This version is presented as an attachment at the end of this 
appendix. 

4. Methods of Analysis 
 

a. Assessment of Liquefaction Potential 
 

Liquefaction is a phenomenon in which porewater pressure generated by earthquake 
shaking causes sudden, temporary loss of shear strength in saturated, typically 
granular soils. Foundations founded on liquefied soils may settle and/or move 
laterally. 
 
Liquefaction potential analyses generally are performed by a method first proposed 
by Seed and Idriss (1970) and subsequently revised by Youd, Idriss, et al 
(NCEER/NSF, 2001).  In these methods, earthquake-induced cyclic shear stresses in 
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the ground are estimated and compared with empirically based cyclic shear strength 
(resistance) derived from data from case histories in which liquefaction was 
observed and case histories in which liquefaction was not observed. 
Estimation of cyclic shear strength against liquefaction is based on measured CPT 
tip resistance (qc) and friction ratio (fs), percent fines estimated from CPT data, and 
estimated in-situ effective overburden pressure.  CPT tip penetration resistance data 
corrected to 1.0 tsf pressure (qc1N) are used to calculate the Cyclic Resistance Ratio 
(CRR) for clean sandy soils subjected Magnitude 7.5 earthquakes.  The overburden 
pressure correction for the CPT tip resistance is calculated using the following 
equations from Youd, Idriss, et al (NCEER/NSF, 2001): 
 
CQ     =  (1/�'o) 0.5 ,   0.5  � CQ � 1.7  
qc1N   =  CQ 

. qc
 

 
where: �'o =  effective overburden pressure [tsf or kg/cm2] 

qc  =  uncorrected CPT tip resistance [tsf or kg/cm2] 
 
The overburden pressure corrected CPT tip resistance (qc1N) is further corrected for 
fines content in order to obtain an equivalent clean sand CPT tip resistance value, as 
recommended by Youd, Idriss, et al (NCEER/NSF, 2001) and by Robertson & 
Wride (NCEER, 1997).  The fines content corrected CPT tip resistance, (qc1N)cs, is 
used to calculate the Cyclic Resistance Ratio (CRR) against liquefaction, in 
accordance with Youd, Idriss, et al (NCEER/NSF, 2001). 
 
The earthquake-induced cyclic shear stress ratio (CSR or �av/�'v) for each depth in 
question is calculated using the following equation by Youd, Idriss, et al 
(NCEER/NSF, 2001): 
 
�av/�'v = 0.65 . (amax/g) . �o/�'v 

. rd 
 
Where:  amax/g = Peak horizontal ground surface acceleration (PGHA) 
  divided by the acceleration of gravity 
  �o = Total overburden pressure at the depth in question 
 �’v = Effective overburden pressure at the depth in question 
 rd = Shear stress reduction factor which accounts for soil 

deformability at the depth in question 
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Cyclic Resistance Ratio (CRR) vs. corrected cone-tip resistance (qc1N)cs curves are 
presented by Youd, Idriss, et al (NCEER/NSF, 2001).  These curves are based on 
case histories in which liquefaction was observed / not observed in clean sands 
subjected to earthquakes with a magnitude of about 7.5.  Soils with (qc1N)cs and CSR 
values that plot above these curves are potentially liquefiable and soils with (qc1N)cs 
and CSR values that plot below these curves generally are not liquefiable.  In 
accordance with the requirements of the County of Los Angeles Department of 
Public Works, a soil deposit is considered to be liquefiable if its factor of safety 
against liquefaction (i.e., CRR divided by CSR) is less than 1.3. 
 
Values of the factor of safety against liquefaction for the soil profiles in each of the 
CPT logs were calculated using fines content corrected values of tip resistance 
(qc1N) at 6-inch depth intervals, per Youd, Idriss, et al (NCEER/NSF, 2001).  A 
typical spreadsheet that illustrates the factor of safety calculations is shown on 
Figure C22 – Typical Spreadsheet of Liquefaction Potential Analyses.  Non-
liquefiable soil deposits may settle as a result of earthquake shaking.  This non-
liquefied, earthquake-induced settlement is included in our settlement estimates, as 
discussed in the following section. 
 

b. Estimation of Earthquake-Induced Settlements 
 

Tokimatsu and Seed (1987) provide procedures for estimation of earthquake-
induced settlement of unsaturated sands and of saturated sands. These procedures 
were used herein to estimate the distribution of potential earthquake-induced 
settlement vs. depth.  The Tokimatsu and Seed method for estimation of earthquake-
induced settlement is described below. 
 
One-dimensional volumetric strain of unsaturated sandy soils caused by earthquake 
shaking is estimated based on estimated cyclic shear strain and N160 values 
(estimated from the CPT soundings).  This one-dimensional strain is doubled in 
order to estimate strain produced by multi-directional earthquake shaking. 
Settlement is calculated by multiplying the volumetric strain value by the thickness 
of the soil layer.  Although this procedure for estimating earthquake-induced 
settlement was developed based on data from clean to slightly silty sands, CPT tip 
resistances (qc) used herein to estimate N160 values of unsaturated soils were not 
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corrected for fines content.  Omitting the fines content correction yields 
conservative (i.e., higher) settlement estimates for silty sands and silts. 

 
Volumetric strain of saturated sands caused by earthquake shaking is estimated 
using earthquake-induced cyclic shear stress (�av) and N160 values derived from 
CPT tip resistance (qc) values.  Since the design chart for volumetric strain of 
saturated sands includes the effect of multi-directional earthquake shaking, it is not 
necessary to double the volumetric strain calculated for saturated sand deposits. 
Although the referenced procedure strictly applies only to saturated clean sands, it 
may also be used to estimate settlement in silty sands because the interpreted N160 
values used to estimate volumetric strain are based on qc values which have been 
corrected for fines content (i.e., an equivalent CPT tip resistance that corresponds to 
clean sand is used to estimate N160 for silty sand and silt deposits).  Settlement is 
calculated by multiplying the thickness of the saturated soil layer by the volumetric 
strain. 

 
c. Estimation of Potential For Lateral Spreading 

 
Regression equations for estimation of potential magnitude of lateral spread 
displacement that can occur if liquefaction occurs in soils beneath flat to gently 
sloping sites were developed by Youd, Hanson, Corbett, and Bartlett (ASCE, 
December 2002).  According to these equations, the magnitude of lateral spreading 
displacement depends on earthquake magnitude, site to fault distance, slope of the 
site surface, thickness of potentially liquefiable deposits at the site with an N160�15 
(T15), and the median grain size and percent fines in the T15 layer.  The data base 
used to develop the regression equations was limited to T15 values between 1 and 15 
meters.  It may be inferred from this that significant lateral spreading was not 
observed by the researchers at sites with less than about 1 meter of potentially 
liquefiable soils with N160 � 15 blows/foot.  Accordingly, it is assumed herein that 
earthquake shaking will not cause lateral spreading at a site unless it is underlain by 
a liquefiable layer that is at least about 1 meter in total thickness and which has an 
N160 � 15 blows/foot. 

 
In addition, the data base used to develop the regression equations for the magnitude 
of lateral spread displacement is based on case histories in which the liquefiable 
(T15) layers extended laterally for substantial distances without being impeded by 
boundary effects.  It may be inferred that significant lateral spreading has not been 
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observed at narrow sites that are bounded by denser soils or bedrock, or at sites 
where liquefiable (T15) layers are laterally discontinuous.  Accordingly, it is 
assumed herein that earthquake shaking will not cause lateral spreading at a site that 
does not have a laterally continuous, liquefiable layer with N160 � 15 blows/foot. 

 
5. Results of Analyses 
 

a. Liquefaction Potential Assessment 
 

Results of our liquefaction analyses using data from the selected CPT soundings are 
graphically summarized herein on individual sheets (Analysis of Liquefaction 
Potential Based qc and fs from CPT Data - Figures C1 through C21).  These sheets 
present plots of depth vs. normalized CPT tip resistance and friction ratio, fines 
content interpreted from the CPT data, cyclic shear stress induced by earthquake 
shaking, maximum resistance to cyclic shear stress interpreted from the CPT data, 
and cumulative settlement that would be caused by earthquake shaking.  The sheets 
also display groundwater depth at the time of the CPT soundings and estimated 
historic high groundwater depths. 
 

b. Earthquake-Induced Settlement 
 

Potential earthquake-induced settlement that could result from liquefaction prior to 
proposed grading was calculated (per CDMG Special Publication 117, 1997) to vary 
from 0 to about 1.9 inches at the locations of 21 CPT soundings (see Table C1).  At 
the locations of CPT soundings 5, 13, 19, 96, 105, 106, 108, 111, and 115, potential 
liquefaction-induced settlements range from 1.0 to about 1.9 inches.  Potential 
liquefaction-induced differential settlements at the locations of these CPT soundings 
varies from about 0.6 to 1.2 inches.  Options to mitigate these potential differential 
settlements are provided below. 
 

c. Lateral Spreading  
 

As stated above, significant lateral spreading is expected only if a site is underlain 
by a laterally continuous, liquefiable layer that is at least about 1 meter thick and 
that has a relative density that corresponds to an N160 value of about 15 blows/ft, or 
less.  Potential for lateral spreading due to liquefaction at the project site is low 
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because there is no laterally continuous, potentially liquefiable layer with a relative 
density that corresponds to N160 � 15 blows/foot. 
 

6. Conclusions 
 
Our analyses indicate that potential liquefaction-induced settlement will be less than one 
inch at 11 of the 21 CPT sounding locations that we analyzed and that potential 
liquefaction-induced settlement between about one and two inches could occur in the 
vicinity of CPT soundings 5, 13, 19, 96, 105, 106, 108, 109, 111, and 115.  We have 
made minor revisions to the recommended alluvial removal depths shown on the 
attached Geotechnical Map in order to mitigate potential liquefaction-induced 
settlements in the vicinity of these CPT soundings.  Of the ten CPT sounding locations 
where potential liquefaction-induced settlements exceed one inch, seven can be 
mitigated with standard grading (removal and recompaction) techniques without 
dewatering.  At two closely spaced locations (CPT soundings 105 and 106) removals to 
reduce to the seismic settlements to less than one inch would extend up to 4.5 ft below 
the observed ground water depth.  Considering the granular nature of the soils, the 
shallow intrusion into the water table, and proposed deeper removals and dewatering for 
the adjacent channel liner, it is anticipated that the recommended removals will be 
feasible by means of grading and minor dewatering with slot trenches. 
At the location of CPT-13, a removal depth of 23 ft is indicated to limit total seismic 
settlements to less than 1 in.  Ground water depth was not accurately measured at this 
CPT because the sounding hole caved at 12 ft depth.  For purposes of analysis, we 
assumed existing ground water depth to be 15 ft.  However, subsequent measurements 
from the nearby CPT-96 and Piezometer P-32F indicate that the depth of existing ground 
water is probably at least 20 ft. deep in the vicinity of CPT-13.  Therefore, the 
recommended removals probably extend only 3 ft below the existing water table.  In 
light of the limited extent of recommended removals below the water table at this 
location, it is anticipated that shallow dewatering with slot trenches will be sufficient for 
excavation and dewatering of the nearby channel liner.  If the recommended removals 
below the water table cannot be performed, buildings in the vicinity of CPT-13 should 
be designed for 1.2 in of total seismic settlement in addition to static settlement. 
 
In summary, if the recommended removals are performed total seismic settlements will 
be less than 1 in and the differential seismic settlements will be 0.67 in or less.  
Following the grading, static differential settlements are anticipated to be 0.25 in or less.  
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Therefore, total differential settlement between adjacent footing foundations is 
anticipated to be less than 1 in. 
 
Potential for lateral spreading at the project site is low because there is no laterally 
continuous, potentially liquefiable layer with a relative density that corresponds to N160 
� 15 blows/foot. 

 
The following attachments complete this Appendix. 
 
� Liquefaction Potential Assessment References 
� Summary Table of Subsurface Data, Potential 

Earthquake-Induced Settlements, and Removal 
Depths  Table C1 

� Graphs of Analysis of Liquefaction Potential Based on 
qc and fs from CPT Data) Figures  C1 thru C21 

� Typical Spreadsheet of Liquefaction Potential Analyses Figure  C22 
� AESEGI Interpreted CPT Data  

� Output File for Boore et al (1997) FRISKSP Run 

� Summary of Calculated Peak Horizontal Ground 
Accelerations  Table C2 
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POTENTIAL EARTHQUAKE-
INDUCED SETTLEMENT 

(INCHES) 
GROUND WATER TABLE DEPTH  

(FEET) ANALYZED 

LOCATION 

CPT BEFORE 

REMOVALS 
AFTER 

REMOVALS  

PROPOSED 

ADDITIONAL 

FILL (FEET) 

RECOMMENDED 

REMOVALS (FEET) 

TOTAL 

COMPACTED 

FILL CAP  

THICKNESS 

(FEET) 

THICKNESS OF 

NON-LIQUEFIABLE 

SOILS BELOW 

PROPOSED 

GRADES (FEET) 

TOTAL THICKNESS OF 

POTENTIALLY 

LIQUEFIABLE SOILS 

FOLLOWING 

REMOVALS (FEET) EXISTING 

GWT HISTORIC GWT 

2 0.91 0.88 6 5 11 19 5 28 10
5 1.49 0.82 3.5 cut 14 1 10.5 9.5 6.5 24 11
7 0.48 0.48 7 5 12 24 3.5 20 17
13 1.58 0.98 3.5 23 19.5 17.5 7 15 2 12
15 0.43 0.42 1.5 4 5.5 14.5 3.5 27 16
19 1.04 1.00 12 5 17 25 7.5 15 9
96 1.45 0.95 4 22 26 25.5 6 22.2 15
101 0.37 0.37 18 4 22 27.5 3.5 9.3 4
103 0.66 0.58 29 8 37 37 5 9.5 3
105 1.35 0.74 20 9 29 29 4.5 7.4 3
106 1.49 0.99 20 11 31 34 4 7.5 2
108 1.14 1.00 1 13 14 19 5.5 25.1 16
109 1.11 0.91 7 16 23 22 6.5 25 15
110 0.76 0.75 10.5 5 15.5 22.5 4.5 24 12
111 1.23 0.97 8.5 13 21.5 21.5 6 21.9 11
114 0.64 0.62 11.5 5 16.5 23.5 3 22.4 12
115 1.84 0.94 10 16 26 40 6.5 21.5 11
118 0.50 0.50 16 4 20 25 4 10.5 4

                                                 
1 Indicates removal depth in River Bank Slope Protection zone.  In this area, excavation for placement of the typical Slope Protection system would be substantially deeper than the removal depth  for mitigating potential 
seismic structural settlement at the respective CPT-5 location indicated in the table. 
2A ground water depth of 15 ft was conservatively estimated.  Subsequent data indicated that the existing ground water depth is probably at least 20 ft. 
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POTENTIAL EARTHQUAKE-
INDUCED SETTLEMENT 

(INCHES) 
GROUND WATER TABLE DEPTH  

(FEET) ANALYZED 

LOCATION 

CPT BEFORE 

REMOVALS 
AFTER 

REMOVALS  

PROPOSED 

ADDITIONAL 

FILL (FEET) 

RECOMMENDED 

REMOVALS (FEET) 

TOTAL 

COMPACTED 

FILL CAP  

THICKNESS 

(FEET) 

THICKNESS OF 

NON-LIQUEFIABLE 

SOILS BELOW 

PROPOSED 

GRADES (FEET) 

TOTAL THICKNESS OF 

POTENTIALLY 

LIQUEFIABLE SOILS 

FOLLOWING 

REMOVALS (FEET) EXISTING 

GWT HISTORIC GWT 

122A 0.73 0.73 29 4 33 34.5 6.5 4 4
125 0.00 0.00 20 4 24 32 <1 11 9
128 0.28 0.24 0 9 9 19 1.5 26 20
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UNWEIGHTED PEAK ACCELERATION (6.5M)  WEIGHTED PEAK ACCELERATION (7.5M) 

2475 YR RETURN PERIOD  2475 YR RETURN PERIOD 
ATTENUATION RELATIONSHIP 

475 YR RETURN 

PERIOD (g) Raw Data (g) Two-Thirds (g)  
475 YR RETURN 

PERIOD (g) Raw Data (g) Two-Thirds (g) 

Boore et al (1997) 1.01906 1.51646 1.01096  0.69387 1.03628 0.69085 

Sadigh et al (1997) 0.78175 1.13498 0.75665  0.52372 0.75463 0.50308 

Campbell & Bozorgnia 0.80553 1.10252 0.73501  0.54633 0.74883 0.49922 

Average 0.87 1.25132 0.83  0.59 0.84658 0.56 
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1329 scott road  burbank  california  91504 

tel. (818) 531-1501 fax (818) 531-1511 www.rtfrankian.com 

 

  
 
        March 28, 2008 
 
 
Newhall Land and Farming Company 
23823 West Valencia Boulevard    Job No. 99-802-21 
Valencia, California 91355 
 
Attention:  Mr. Fred MacMurdo 
 
  Subject: Geotechnical Grading Plan Review 
    Proposed Offsite Zone 1A Water Tank Site 
    Vesting Tentative Tract Map No. 53108 
    Los Angeles County, California 
 
  References: See Attached List 
 
Gentlemen: 

 This report presents the results of our geotechnical grading plan review 

conducted for the Zone 1A Water Tank Site (herein referred to as the tank site), 

Vesting Tentative Tract Map No. 53108, located in Los Angeles County, California.  

The scope of this study was planned in consultation with Mr. Fred MacMurdo of 

Newhall Land and Farming Company (NLF) as outlined in our proposal dated March 

12, 2008 (Proposal No. P025-2008-21).  We are in receipt of the Proposed Offsite Zone 

1A Water Tank Grading Exhibit prepared by Psomas.  This plan, prepared at a scale of 

1 inch equals 100 feet (1”=100’), is designated as Sheet 6 of 13 of the “Major Land 

Division, Vesting Tentative Tract Map No. 53108” plan.  The geotechnical data 

collected as part of our investigation is presented on the Psomas plan and included in 

this report as the Geotechnical Map, Figure 1.  
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SCOPE OF WORK 

 The scope of work for the geotechnical grading plan review was described in 

our March 12, 2008 proposal to NLF.  The rough grading plan review consisted of 

the following: 

 

• a review of data, aerial photographs, geologic literature, and 
previous geotechnical and engineering geologic reports; 

 
• engineering geologic evaluation of the site to asses the impact of 

geologic conditions on future site development; 
 

• engineering evaluation of the geotechnical data to develop 
recommendations for mass grading earthwork; and 

 
• drafting and report preparation. 

 
 

PROPOSED CONSTRUCTION 

 The proposed tank site is located along an easterly descending ridge 

approximately ¼ mile north of Franklin Parkway, west of the U.S. Postal Service 

Distribution Center.  Based on plans provided our office by Psomas, the proposed 

tank site pad will be graded to an approximate elevation of 1,172 feet above mean sea 

level (msl).  Based on the proposed grading, a 2:1 (horizontal:vertical) cut slope on 

the order of 110 feet high will ascend from the north and west sides of the tank pad.  

A 20± feet high 2:1 combination cut and fill slope will descend from the south side of 

the tank pad.  The proposed pad will support a water tank approximately 120 feet in 

diameter.  The tank access road will extend along the south side of the tank and will 

include a 10±feet high, 2:1 graded slope along the north side of the road. 
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SUBSURFACE EXPLORATIONS 

 Subsurface data was available for the site and adjacent areas from a prior R. T. 

Frankian & Associates (RTF&A) investigation (RTF&A, 2001b).  The logs of the 

RTF&A borings and test pits pertinent to the tank site are presented in Appendix A.   

 

LABORATORY TESTS 

 Laboratory tests were performed on selected samples obtained from prior 

borings drilled on the site.  The prior laboratory data has been presented in our prior 

investigation (RTF&A, 2001b) and is included in this report as Appendix B.   

 

GEOLOGY 

REGIONAL GEOLOGY 

 The tank site is located at the eastern end of the Ventura basin within the 

Transverse Ranges geomorphic province of California.  The Ventura basin consists of 

a narrow, elongate sedimentary trough extending from the Santa Barbara Channel on 

the west to the San Gabriel fault on the east.  The axis of the trough trends east-west, 

reflecting the overall east-west trend of the Transverse Ranges, and generally coincides 

with the Santa Clara River Valley.  The Ventura basin has been an area of subsidence 

and sediment accumulation since the beginning of the Tertiary period, with the 

present trough-like form developing near the beginning of the Miocene epoch 

(Winterer and Durham, 1962). 

 The structure of the basin is defined as a highly folded “synclinorium” formed 

by north-south compressional forces (Kew, 1924), and containing a maximum 

50,000± feet of marine and nonmarine Tertiary through Quaternary age sedimentary 
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rocks (Bailey and Jahns, 1954).  Within the Santa Clarita Valley the primary 

sedimentary rock formations are the Pico and Saugus Formations.  The Pico 

Formation outcrops along the northern flanks of the Santa Susana Mountains and in 

the Hasley Canyon-Val Verde area.  The Saugus Formation overlies the Pico 

Formation and comprises most of the hills of the valley between Newhall and Castaic.  

Other geologic materials exposed within the valley include Pleistocene fanglomerate 

and terrace deposits (Oakeshott, 1958; Winterer and Durham, 1962), exposed in the 

southern and southwestern portion of the valley, and Holocene alluvium mantling the 

valley floor. 

 The Pico and Saugus Formations have been deformed into a series of closely 

spaced anticlines and synclines whose moderately to steeply dipping flanks are broken 

by the Holser fault and cut off diagonally by the San Gabriel fault (Bailey and Jahns, 

1954).  The San Gabriel fault, the dominant geologic feature in the Santa Clarita 

Valley, forms the eastern Ventura basin boundary, and separates the Ventura basin 

from the structurally similar Soledad basin. 

 

SITE GEOLOGY 

 General:  The tank site is situated on the northerly limb of the Ventura basin 

“synclinorium”, approximately 0.6 mile southwest of the Holser fault.  Bedrock 

beneath the site, and in the surrounding area, has been deformed along the Holser 

fault, as indicated by several tight folds that trend subparallel to the fault trace.  The 

east-west trend of the Holser fault, and the subparallel fold axes reflect the north-

south compressional tectonic forces that have shaped the region. 
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 The seismically active San Gabriel fault zone, trending northwest-southeast 

through the Santa Clarita Valley, is located approximately 3 miles northeast of the 

tank site. 

 Geologic Materials:  Geologic materials observed within the tank site include 

the Saugus Formation, terrace deposits, landslide deposits, and man-made deposits.  

The areal extent of the various geologic units are depicted on the Geotechnical Map, 

(Figure 1) and are described below. 

 Saugus Formation (TQs):  The Plio-Pleistocene age Saugus Formation (map 

unit “TQs”) underlies the tank site.  As observed in outcrops and exploratory borings 

and test pits, the Saugus Formation is composed of poorly sorted, weakly cemented to 

moderately well cemented sandstone and pebbly sandstone, with alternating beds of 

poorly to moderately indurated siltstone, sandy siltstone/silty sandstone, and 

claystone.  Sandstone, pebbly sandstone, and siltstone constitute the dominant rock 

types.  Sandstones are primarily light brown to light gray/yellowish gray fine to coarse 

grained, with some thin interbedded very fine to fine grained laminated and cross-

bedded sandstone.  The siltstone and claystone are generally reddish-brown. 

 Terrace Deposits (Qt):  Remnant stream-terrace deposits (map unit “Qt”) are 

situated along the west side of the existing water tank access road and east of the 

proposed tank site.  The Pleistocene age deposits are composed of yellowish brown to 

brown, poorly bedded friable sand, gravel and silt. 

 Landslides (Qls):  Numerous landslides (map unit “Qls”) were identified within 

the area of the tank site, with two landslides occurring within the area of the 

proposed tank site and access road grading.  The landslides are generally composed of 

disturbed bedrock materials derived from the underlying Saugus Formation.   
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 As well as the bedrock landslides, a surficial failure was identified northeast of 

the tank site.  The surficial failure is probably limited to five to eight feet in depth 

and incorporates weathered, less competent near-surface earth materials. 

 Man-made Deposits (af and cef):  Man-made deposits include artificial fill and 

certified engineered fill (map units “af” and “cef”, respectively) placed during 

construction of the existing tank site and the Post Office.  The artificial fill is located 

in the existing debris basins along the north side of the existing tank access road, and 

bordering the Post Office site.  The certified engineered fill is located beneath the 

existing water tank, and along potions of the tank access road. 

 Geologic Structure:  Saugus Formation units beneath the tank site have been 

folded into an east-west trending, easterly-plunging syncline.  Sedimentary beds 

forming the north limb of the synclinal fold strike east-northeast and dip 37 to 

60 degrees southerly towards the fold axis.  Beds on the south limb strike west-

northwest to northwest, dipping northerly 24 to 37 degrees towards the axis.   

 The approximate location of the axial trace of the syncline is shown on 

Figure 1.  A stereonet analyses of the structural configuration of the syncline indicates 

that the syncline plunges approximately 12 to 15 degrees to the east.  

 

SLOPE STABILITY 

GENERAL 

 Grading for the proposed tank site will include a cut pad at an approximate 

elevation of 1,172 feet, which will create an ascending cut slope on the north and 

west side of the tank pad (designated Cut Slope CS-1), and a descending cut slope 
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from the south side (Cut Slope CS-2).  A 2:1 combination fill and cut slope (CS-3) 

will be graded along the north side of the tank site access road. 

 The maximum cut slope height is approximately 110 feet.  Fill slopes are 

planned at gradients of 2:1.  The maximum proposed fill slope height is 

approximately 20 feet. 

 

SHEAR STRENGTH PARAMETERS 

 Direct shear tests were performed for the previous geotechnical investigation of 

the tank site (RTF&A, 2001a and 2001b).  In addition, we reviewed shear strength 

parameters for other jobs we have done in the vicinity of the site.  Presented below 

are the recommended shear strengths for use at the subject site.   

 

SUMMARY OF SHEAR STRENGTH PARAMETERS 

 
MATERIAL 

Static 
Cohesion (psf) 

Static 
φ (degrees) 

Landslide Failure Plane Material 200 16 
Clayey Bedding Plane Material 250 20 
Clayey Bedding Plane Material (Seismic) 375 19 
Saugus Cross Bedding 640 32 
Alluvium 100 40 
Compacted Fill  300 32 

 
 
CUT SLOPE CS-1 

 Cut Slope CS-1 will be graded as a 110 feet high, east- to south-facing 2:1 cut 

slope.  This slope will be underlain by sedimentary rock units of the Saugus 

Formation.  The Saugus Formation can range from massive to thinly bedded 

sedimentary rock units of sandstone, conglomerate, siltstone, and 
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claystone/mudstone.  Bedding planes within the Saugus Formation are poorly to 

moderately-well developed, and can constitute planes of weakness, particularly where 

sandstone/conglomerate beds are in contact with claystone.  Where bedding is 

adversely oriented, or “daylighted,” with respect to natural or cut slopes, potential for 

bedding plane, or “block-glide,” failure exists.   

 The subsurface geologic conditions relative to CS-1 are depicted on Geologic 

Sections A-A' and B-B' (Figures 2.1 and 2.2, respectively).  Geologic Section A-A' 

illustrates geologic conditions parallel to the axis of the easterly-plunging syncline, for 

the segment of the cut slope facing to the east.  Bedding in this area strikes northeast 

and dips 40 degrees to 45 degrees to the southeast.  The apparent dip, with respect to 

the east-facing cut slope segment, is 32 degrees towards the east.  As illustrated, the 

proposed east-facing segment of the cut slope is considered to be grossly stable from a 

geologic standpoint, as the angle of apparent dip (32 degrees) is steeper than the 

proposed 2:1 (or approximately 26 degrees) cut-slope.   

 Geologic Section B-B' depicts the geologic conditions for CS-1 perpendicular to 

the synclinal axis, and across the south-facing portion of the cut-slope.  Bedding with 

respect to the south-facing segment of CS-1 exhibits an apparent dip of 37 degrees to 

the south.  This bedding orientation dips steeper than the 2:1 (26 degrees) cut slope 

gradient and the south-facing segment of CS-1 is considered grossly stable from a 

geologic standpoint. 

 

CUT SLOPE CS-2 

 Cut Slope CS-2 is planned as a 20 feet high, south-facing combination cut and 

fill slope that will descend from the tank pad to the tank access road.  Cut slope CS-2 
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will expose landslide debris and, at depth, Saugus Formation units.  The landslide 

debris is loose and inherently unstable.  As depicted on Geologic Section B-B', a 

portion of CS-2, and the south edge of the proposed cut pad, will expose landslide 

deposits which have failed in the trough of the syncline.   

 The landslide debris should be completely removed and the entire slope 

constructed as a 2:1 stability fill slope which will mitigate the existing landslide.  The 

estimated landslide depth, based on Test Pit TP-7, is 5 to 10 feet.  The landslide 

removal will likely extend into a portion of the tank pad.  Accordingly, construction 

of the fill slope should include fill placement to restore the pad grade.  The keyway 

for the proposed 2:1 stability fill should measure a minimum of 15 feet wide, and be 

founded at least 3 feet into competent bedrock.  Backdrains should be constructed at 

the fill/bedrock interface as addressed in the “CONLUSIONS AND 

RECOMMENDATIONS” section of the report and as shown on Figure 4 – Stability 

Fill Details for Grossly Stable Slopes. 

 

CUT SLOPE CS-3 

 Cut Slope CS-3 will consist of a 10 feet high variable 2:1 to 3:1 combination 

fill and cut slope.  The slope will likely encounter Saugus Formation units, landslide 

debris, and terrace deposits.  The terrace deposits primarily consist of weakly to 

moderately cemented, massive to thickly bedded sand, silty sand, and gravel.  Where 

noted, bedding in the terrace deposits is generally flat-lying.  The terrace deposits are 

very granular and tend to lack cementation.  Accordingly, these materials may be 

subject to erosion from water. 
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 Geologic Section C-C' (Figure 2.3) depicts the proposed cut slope relative to 

the landslide.  The landslide is potentially unstable, and the terrace deposits are 

susceptible to erosion.  Therefore, it is recommended that the landslide be removed 

and the entire slope constructed as a stability fill slope which will mitigate the existing 

landslide.  The estimated landslide depth, based on Test Pit TP-5, is 15 to 20 feet.  

The keyway for stability fill should measure a minimum of 15 feet wide, and be 

founded at least 3 feet into competent bedrock or terrace deposits.  Backdrains 

should be constructed at the fill/bedrock interface.  The stability fill, and backdrains, 

should be constructed in accordance with the recommendations presented in this 

report and as shown on Figure 4 – Stability Fill Details for Grossly Stable Slopes.  

 

CONCLUSIONS AND RECOMMENDATIONS 

GEOLOGIC CONSIDERATIONS 

 General:  Based on the geologic data developed during the geotechnical 

investigation pertinent to the Zone 1A Water Tank Site, it is our opinion that the site 

may be developed as planned provided our recommendations are incorporated in the 

design of the project. 

 Faulting:  No mapped active or potentially active faults underlie the proposed 

tank site, and the site is not within an Alquist-Priolo Earthquake Fault Zone, as 

established by California Division of Mines and Geology (CDMG) (1999).  The 

closest active fault to the site is the San Gabriel fault, located approximately 3 miles 

northwest of the tank site. 

 Landslides:  Two small landslides are located along the southern edge of the 

tank site and a portion of the tank access road.  Complete removal of these landslides 



Newhall Land and Farming Company 
March 28, 2008 
99-802-21 

-11- 
 
 

 

will be required during grading operations.  The estimated depth of these landslides 

ranges from 10 to 20 feet.   

 Liquefaction:  The proposed tank pad is not within a liquefaction-mapped 

zone and by inspection of the materials encountered in the boring is not susceptible 

to liquefaction. 

 Erosion Protection:  Friable sandstone beds are common within the Saugus 

Formation and have been identified at the site.  If exposed in graded slopes, these 

beds could be subject to erosion and rilling, due to the lack of cementation.  Under 

most circumstances, the erosion can be controlled by the establishment of vegetative 

cover over the slope upon completion of grading.  Extensive or thick deposits of the 

friable beds may warrant construction of stability fills.  The abundance of erosion 

susceptible beds should be determined during grading.   

 In order to reduce the potential for erosion, all graded slopes should be seeded 

or planted with proper ground cover as soon as possible, following grading.  The 

ground cover should consist of drought-resistant, deep-rooting vegetation.  A 

landscaping expert should be consulted for ground cover recommendations.  If the 

potential for some erosion of the slopes is acceptable, at a minimum, a 3-foot deep, 

5-foot wide ditch may be excavated at the toe of all slopes so when the materials do 

erode down the slope they do not threaten the tank or any other adjoining structures.  

 Drainage from the proposed slopes should be directed to non-erosive drainage 

devices.  Surface drainage for the tank pad should be controlled and directed to 

drainage devices to minimize erosion of the slopes that descend from the proposed 

tank pad. 
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 Rippability:  Grading operations can be performed using conventional grading 

equipment.  Heavy ripping may be needed when excavating well-cemented sandstone 

or conglomerate beds. 

 

RESTRICTED USE AREAS 

 Based upon the geologic conditions and proposed grading, there are no 

Restricted Use Areas (RUAs) at the subject site.   

 

GRADING 

 Site Preparation:  Prior to performing earthwork, the existing vegetation and 

any deleterious debris should be removed from the site.  Existing utility lines should 

be relocated or properly protected in-place.  All unsuitable soils, landslide material, 

and uncertified fills in the areas of grading receiving new fill should be removed to 

competent earth materials and replaced with engineered fill.   

 Material for Fill:  The on-site soils, less any debris or organic matter, may be 

used in required fills.  Any expansive clays discovered should be mixed with non-

expansive soils to result in a mixture having an expansion index less than 30 if they 

are to be placed within the upper 8 feet beneath proposed rough grades. 

 Rocks or hard fragments larger than 8 inches may not be placed in the fill 

without special treatment.  Rocks or hard fragments larger than 4 inches shall not 

compose more than 25% of the fill or a lift.  Soils containing more than 25% rock or 

hard fragments larger than 4 inches must be compacted with successive passes (e.g., 

with a sheepsfoot roller) until rock or hard fragments larger than 4 inches constitute 

less than 25% of the fill or lift. 
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 Import material should consist of relatively non-expansive soils with an 

expansion index less than 30.  The imported materials should contain sufficient fines 

(binder material) so as to be relatively impermeable and result in a stable subgrade 

when compacted.  The import material should be free of organic materials, debris, 

and cobbles larger than 8 inches.  A bulk sample of potential import material, 

weighing at least 25 pounds, should be submitted to the Geotechnical Consultant of 

Record at least 48 hours in advance of fill operations.  All proposed import materials 

should be approved by the Geotechnical Consultant of Record prior to being placed 

at the site. 

 Compaction:  After the site is cleared and excavated as recommended, the 

exposed soils should be carefully observed for the removal of all unsuitable deposits.  

Next, the exposed soils should be scarified to a depth of 6 inches, brought to about 

2% above optimum moisture content, and rolled with heavy compaction equipment.  

The upper 6 inches of exposed soils should be compacted to at least 90% of the 

maximum dry density obtainable by the ASTM D 1557-02 Method of Compaction. 

 After compacting the exposed soils, all required fills should be placed in loose 

lifts, not more than 8 inches in thickness, and compacted to at least 90%.  The 

moisture content of the fill soils at the time of compaction should be about 2 to 4% 

above optimum moisture content.  Compacted fill should not be allowed to dry out 

before subsequent lifts are placed.   

 Rough exterior grades should be sloped so as not to direct water flow over slope 

faces.  Finished exterior grades should be sloped to drain away from building 

foundations to prevent ponding of water. 
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 Backfill:  All required backfill should be mechanically compacted in layers; 

flooding should not be permitted.  Proper compaction of backfill will be necessary to 

reduce settlement of the backfill and any overlying slabs and paving.  Backfill should 

be compacted to at least 90% of the maximum dry density obtainable by the ASTM 

D 1557-02 Method of Compaction. 

 Proposed Tank Pad Subgrade:  It is anticipated that Saugus Formation 

bedrock materials exposed at pad grade may contain expansive claystone beds that 

could cause differential expansion.  An 8-foot deep fill cap extending at least 8 feet 

outside of the footprint of the proposed water tank is recommended to reduce the 

effects of expansive soil conditions and the presence of the transition zone, associated 

with the recommended stability fill along the south side of the tank pad (see 

Figure 3).  It is also recommended that the bedrock be removed and recompacted to a 

depth of at least 3 feet below proposed soil subgrade in exposed Saugus Formation 

areas to be paved.  The soils generated by these over-excavations should be mixed 

with non-expansive soils to yield a relatively non-expansive mixture.  Should the 

resulting fill soil still be expansive, special construction techniques and procedures 

may be required to reduce the potential for expansive soil related distress.   

 Tank Subdrain System:  A subdrain system should be installed under the 

proposed water tank.  A synthetic geomembrane (such as high-density polyethylene-

HDPE) with a coefficient of permeability of 10-6 cm/sec or less be placed beneath the 

proposed tank site.  A leakage collection and removal system should be provided 

between the tank bottom and the geomembrane.  The tank manufacturer may also 

have other similar or equivalent drainage systems, which could be used in lieu of the 
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system recommended above.  We should review the tank foundation and drainage 

plans after completion of rough grading operations. 

 Subdrains:  A canyon subdrain is recommended to intercept and remove 

groundwater within the proposed canyon fill near the west end of the access road.  

The subdrain should extend up-canyon, with the drain inlet carried to within 15 feet 

of final pad grade.  Specific subdrain location and length should be determined in the 

field during grading operations.   

 The subdrain should be surveyed by the Project Surveyor to establish line and 

grade during construction, and for future location reference.  Subdrain excavation and 

placement should be observed by our geologist. 

 The subdrains should be installed in accordance with the manufacturer's 

specifications.  A minimum 2% gradient is to be maintained in the subdrain pipes.  

There should be at least 8 uniformly spaced sets of 2 perforations per lineal foot of 

pipe.  The width of the perforations should not exceed 1/16 of an inch.  If PVC pipe 

with drilled perforations is utilized, the diameter of the holes should not exceed 3/8 of 

an inch, if gravel and filter fabric is used or 1/8 inch diameter if Los Angeles County 

Flood Control District (LACFCD) Designation F-1 Filter Material is used.  When 

constructing the subdrain, the pipe should be placed so that the drilled perforations 

are positioned on the bottom half of the pipe.  The upstream end of subdrains should 

be capped. The final 20 feet of pipe at the downstream end of canyon, stabilization, 

buttress, and side hill fills shall not be slotted or perforated.  Provisions should be 

made at all times during construction to prevent damage to the subdrain from 

construction equipment, and to prevent soils from being washed into an exposed 

subdrain by surface waters. 
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 For runs up to 500 feet, subdrains for the bottom of canyon fills should consist 

of at least 6-inch diameter pipe.  For runs of 500 to 1,500 feet, 8-inch diameter pipe 

shall be used.  For runs over 1,500 feet, 10-inch diameter pipe shall be used. 

 Canyon subdrains should be installed in a rectangular trench excavated to 

expose competent material and shall be approved by the Geotechnical Consultant of 

Record.  The slotted subdrains should be surrounded by at least 3 cubic feet per lineal 

foot of granular filter material.  The granular filter material for subdrains should meet 

the LACFCD Designation F1, or have a gradation approved by the Geotechnical 

Consultant of Record prior to placement.  There should be at least 6 inches of 

compacted granular filter material on all sides of the pipe (See Figure 5).  As an 

alternative, drains may be placed in a “V” ditch only after approval by the 

Engineering Geologist (see Figure 6). 

 As an alternative to the granular filter material, ¾ inch diameter gravel may be 

placed around the pipe.  The gravel should be separated from the surrounding soils by 

a filter fabric such as Mirafi 140N, or equivalent, wrapped around the gravel (“burrito 

wrapped”). 

 Stability Fill Backdrains:  Backdrains should be installed at the backcut of 

the stability fills.  The backdrains should consist of 4-inch diameter, or larger, 

perforated pipe surrounded by filter material.  Non-perforated drain outlets should be 

provided at vertical intervals not exceeding 15 feet and horizontal intervals not 

exceeding 100 feet.  The exact location of subdrains should be determined in the field 

by the Geotechnical Consultant of Record after the backcut has been made.   
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 Geotechnical Observation:  The grading operations should be observed by 

the Geotechnical Consultant of Record.  The Geotechnical Consultant of Record's 

representative should have at least the following duties: 

 

• observe the excavation so that any necessary modifications based 
on variations in the soil/rock conditions encountered can be 
made; 

 
• observe the exposed subgrade in areas to receive fill and in areas 

where excavation has resulted in the desired finished subgrade.  
The representative should also observe proof-rolling and 
delineation of areas requiring overexcavation; 

 
• evaluate the suitability of on-site and import soils for fill 

placement; collect and submit soil samples for required or 
recommended laboratory testing where necessary; 

 
• observe the fill and backfill for uniformity during placement; 

 
• test fill for field density and compaction to determine the 

percentage of compaction achieved during fill placement; and, 
 

• geologic observation of all cut slopes, keyways, backcuts and 
geologic exposures during grading to ascertain that conditions 
conform to those anticipated in the report.   

 
 

 Once the necessary grading permits are obtained, the governmental agencies 

having jurisdiction over the project should be notified prior to commencement of 

grading so that arrangements can be made for required inspection(s).  The contractor 

should be familiar with the inspection requirements of the regulatory agencies. 
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FOUNDATIONS 

 General:  The proposed water tank and footings for auxiliary structures or 

retaining walls may be supported on continuous or individual spread footings 

established in properly compacted fill.  It is recommended that a formal review of 

foundation plans and foundation loading details be performed by the Geotechnical 

Consultant of Record when plans become available to verify the applicability of the 

recommendations contained herein.  The recommendations presented below should 

be considered preliminary and should be finalized after review of foundation plans.  

The preliminary design values are based upon this investigation, our experience with 

the soils in the area, and with the site preparation and grading recommendations for 

this project. 

 Bearing Capacity:  It is assumed that the proposed water tank will be founded 

at approximately final planned grades shown on the Geotechnical Map.  Individual or 

continuous footings should have a width of at least 12 inches and be placed at a 

depth of at least 24 inches below the lowest final adjacent grade. 

 Shallow footings established in certified compacted fill may be designed using a 

bearing value of 2,500 pounds per square foot (psf).  The recommended bearing value 

is a net value, and the weight of concrete in the footings may be taken as 50 pounds 

per cubic foot (pcf).  The weight of soil backfill may be neglected when determining 

the downward loads from the footings.  A one-third increase in the bearing value may 

be used when considering wind or seismic loads.  

 While the actual bearing value of the fill placed at the site will depend on the 

materials used and the compaction methods employed, the quoted bearing value will 
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be applicable if acceptable soils are used and are compacted as recommended.  The 

bearing value of the fill should be confirmed during grading. 

 Lateral Resistance:  Lateral loads may be resisted by soil friction and by the 

passive resistance of the soils.  A coefficient of friction of 0.4 applied to the dead 

loads may be used between the footings, floor slabs and the supporting soils.  The 

passive resistance of properly compacted fill soils may be assumed to be equal to the 

pressure developed by a fluid with a density of 250 pcf.  A one-third increase in the 

passive value may be used for wind or seismic loads.  The frictional resistance and the 

passive resistance of the soils may be combined without reduction in determining the 

total lateral resistance. 

 Settlement:  Provided that foundations are underlain by compacted fill soils as 

recommended, and maximum loads do not exceed 3.5 kips per lineal foot, we 

estimate that the maximum settlement will be about 1 inch (at the center) and 

differential settlement within a horizontal distance of 30 feet will be less than 0.75 

inches.   

 Foundation Observations:  To verify the presence of satisfactory soils at 

foundation design elevations, the excavations should be observed by the Geotechnical 

Consultant of Record. Excavations should be deepened as necessary to extend into 

satisfactory soils.  Where the foundation excavations are deeper than four feet, the 

sides of the excavations should be sloped back at ¾:1 or shored for safety. 

 

RETAINING WALLS 

 Lateral Earth Pressures:  For design of cantilevered walls below grade, where 

the surface of the backfill is level and the retained height of soils is less than 15 feet, 
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it may be assumed that drained, nonexpansive soils will exert a lateral pressure equal 

to that developed by a fluid with a density of 30 pcf.  Where the surface of the 

backfill is inclined at 2:1, it may be assumed that drained soils will exert a lateral 

pressure equal to that developed by a fluid with a density of 45 pcf.  In addition to 

the recommended earth pressure, the walls should be designed to resist any applicable 

surcharges due to buildings, walls, and storage or traffic loads.  A drainage system, 

such as weepholes or a perforated pipe should be provided behind the walls to 

prevent the development of hydrostatic pressure.  Recommendations for wall drains 

are presented as follows.   

 If a drainage system is not installed, the walls should be designed to resist a 

hydrostatic pressure equal to that developed by a fluid with a density of 80 pcf 

against the full height of the wall. 

 In addition to the recommended earth and hydrostatic pressures, the upper 

10 feet of walls adjacent to vehicular traffic areas should be designed to resist a 

uniform lateral pressure of 100 psf.  This pressure is based on an assumed 300 psf 

surcharge behind the walls due to normal traffic.  If the traffic is kept back at least 

10 feet from the walls, the traffic surcharge may be neglected.  Special 

recommendations will be required where expansive soils are to be retained. 

 Retaining Wall Drainage:  A drainage system should be provided behind 

retaining walls, or the walls should be designed to resist hydrostatic pressures.  The 

drainage system could consist of a 4-inch diameter perforated pipe placed 6 inches 

from the base of the wall, with the perforations down, and connected to an outlet 

device.  The pipe should be sloped at least 1 inch per 50 feet and surrounded on all 

sides by at least 6 inches of clean gravel.  The gravel should be “burrito-wrapped” 
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with filter fabric, such as Mirafi 140N, or equivalent.  As an alternative to the gravel 

and filter fabric, filter material meeting the requirements of Los Angeles County 

Flood Control District Designated F-1 Filter Material, and slotted pipe, may be used.  

The backside of the wall should be waterproofed. 

 A vertical six-inch wide gravel chimney drain, or a drainage geocomposite such  

as Miradrain, should be placed against and behind retaining walls that are higher than 

3 feet.  The top of the back drain should be capped with 18 inches of on-site soils.  

Details regarding the drainage system, chimney drain, Miradrain, waterproofing, and 

soil cap as shown on the attached Retaining Wall Details, Figures 7.1 and 7.2.   

 The installed drainage system should be observed by the Geotechnical 

Consultant of Record prior to backfilling the system.  Inspection of the drainage 

system may also be required by the reviewing governmental agencies. 

 The drainage system should be observed by the Geotechnical Consultant of 

Record prior to backfilling the system.  Inspection of the drainage system may also be 

required by the reviewing governmental agencies. 

 

PAVEMENT DESIGN 

 Following the completion of grading operations, samples of the on-site soil should 

be obtained from near final grade in pavement areas to perform R-value tests.  The 

following preliminary pavement section recommendations are based on the assumption 

that the on-site soils have an R-value of 18.  The final pavement section 

recommendations could vary depending on the results of the actual R-value test 

results obtained from samples obtained from the pavement areas.   
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TRAFFIC 
INDEX 

ASPHALT 
THICKNESS 

(INCHES) 

BASE COURSE 
(CAB) THICKNESS 

(INCHES) 

BASE COURSE (CMB) 
THICKNESS 

(INCHES) 
4 3 4 6 
6 4 7 9 
8 5 11 13 

10 7 18 20 
11 7 21 23 

 

 Base course material should consist of crushed aggregate base (CAB), as 

defined by Section 200-2.2 of the Standard Specifications for Public Works 

Construction (“Greenbook”).  If crushed miscellaneous base (CMB) is used, it should 

meet the specifications outlined in Section 200-2.4 of the “Greenbook”.  Base course 

should be compacted to at least 95% of the maximum dry density of that material.   

 Base course material should be purchased from a supplier who will certify that the 

base course will meet or exceed the specifications in the “Greenbook”, as indicated.  We 

could, at your request, perform sieve analysis and sand equivalency tests on material 

delivered to the site which appears suspect.  Additional tests could be performed, upon 

request, to determine if the material is in compliance with the specifications. 

 The pavement section recommendations presented above are based upon 

assumed Traffic Index values.  RTF&A does not take responsibility for the numerical 

determination of the Traffic Index values or the areas where they apply within the site.  

We would be pleased to provide pavement section recommendations for alternative 

Traffic Index values upon request. 
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GEOTECHNICAL CONSULTANT OF RECORD 

 This report has been prepared assuming that RTF&A will perform all geologic 

and geotechnically-related field observations and testing.  If the recommendations 

presented in this report are to be utilized, but observation of the grading activities is 

performed by others, the parties performing the work must review this report and 

assume responsibility for recommendations contained herein or provide their own 

recommendations.  That party would then assume the title "Geotechnical Consultant 

of Record" for the project. 

 A representative of the Geotechnical Consultant of Record should be present 

to observe all grading operations as well as test compacted fills.  A report presenting 

the results of these observations and related testing should be issued upon completion 

of these operations. 

-oOo- 
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The following are attached and complete this report. 

References 
Geotechnical Map - Figure 1 (in pocket) 
Geotechnical Sections - Figures 2.1 through 2.3 
Transition Zone Detail - Figure 3 
Stability Fill Details for Grossly Stable Slopes - Figure 4 
Typical Canyon Subdrain - Figure 5 
Alternate Canyon Subdrain - Figure 6 
Retaining Wall Details - Figure 7.1 and 7.2 
Appendix - Field Explorations and Laboratory Testing 

- Log of Boring B- 1 
- Test Pit Logs TP- 1 through TP-9 
- Summary of Shear Test Data - (2 pages) 
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APPENDIX 
 

FIELD EXPLORATIONS 
 

 The bedrock conditions beneath the site were explored in 2001 by drilling one 
bucket boring and excavation of test pits at the locations shown on the Geotechnical 
Map.  The boring was drilled using a 24-inch-diameter bucket auger-type drilling 
equipment.  The rock encountered was logged by our field geologist and undisturbed 
samples were obtained for laboratory inspection and testing.  The lined-barrel sampler 
used to take undisturbed samples has an external diameter of 3.0 inches and an 
internal diameter of 2.625 inches.  The depths at which the undisturbed samples were 
obtained are indicated on the logs.  The sampler was driven using a hammer; the 
number of blows required to drive the sampler 12 inches are shown on the boring log.  
The driving weights are 3,160 pounds from 0 to 24 feet, 2,040 pounds from 24 feet 
to 47 feet, 1,120 pounds from 47 feet to 72 feet and 1,520 pounds from 72 feet to 
81 feet.   
 
 
LABORATORY TESTING 
 
 Laboratory tests were performed on selected samples obtained from the borings 
to aid in the classification of the soils and to determine their engineering properties.  
The field moisture content and dry density of the soils encountered were determined 
by performing tests on the undisturbed samples.  The results of the tests are shown to 
the left of the boring log. 
 
 Direct shear tests were performed on selected undisturbed samples to 
determine the strength of the site materials.  In addition, shear test data were also 
available from our prior investigations at and nearby the site.  The tests were 
performed after soaking the samples to near-saturated moisture content and at 
various surcharge pressures.  The yield strength values determined from the direct 
shear tests are presented on Summary of Shear Test Data. 
 
 The optimum moisture content and maximum dry density of the existing fill 
soils were determined by performing compaction tests on a bulk sample bag obtained 
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from the boring.  The test was performed in accordance with the ASTM Designation 
D1557-02 method of compaction.  The results of the tests are presented below.   
 
 

 
 

Soil Description and Classification 

Maximum 
Dry Density 
(lbs./cu. ft.) 

Optimum 
Moisture 

Content (%) 

Light gray brown fine to medium sand (SP) 131 8 

Light brown silty fine to medium sand (SM) 126 9.5 

 

 The optimum moisture contents are indicated in percent of dry weight, and the 

maximum dry densities are in pounds per cubic foot (pcf).  The double-letter soil 

classifications that follow the Soil Descriptions are in accordance with the Uniform 

Soil Classification System (ASTM D 2487-00). 
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