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SECTI ON 1.0: 
EXECUTI VE SUMMARY 

1.1 I NTRODUCTION 

This report present s the results of the geotechnical investiga­
tion performed for the Long Beach Alignment of the proposed Long 
Beach-Los Angeles Rai l Transit Project . 

The findings and c onclus ions developed dur ing this geotechnical 
investigation are presented herein . The fir st part of t h e report 
presents the text whic h includes data analyses , interpretative 
information , conclusions , and recommendations for design . The 
Appendices, which follow , contain the detailed results of field 
and labora tory programs, and provides informa tion that supports 
the conclus i on s and r ecommendati ons presented in the ma in t ext . 

The propo s ed Long Beach Alignmen t begins jus t south o f the Los 
AngP.les River Cross · ng and exte nds souther l y along the SPTC 
right-of- way to just south of 27th Street, at which point the 
alignment extends southerly along the median of Long Beach 
Boulevard to Ocean Boulevard . The proposed alignment, which will 
be at grade, is approxima tely 4-1 / 2 miles in le ngth . 

A total of seven passenger stations are pre s ently planned along 
the alignment at the following l ocations : 

Wardlow Road 
Willow Street 
Hi ll Street 
Pacif ic Coast Hi ghway 

Two park- and- ride areas 
Willow Street stations. 
Bixby Slough . 

Anaheim Street 
5th/6th Stree t 
1st Street 

are planned at the 
A new structure is 

Wardlow 
planned 

Road 
over 

and 
the 

A pedestri a n underpas s is p l anned j ust sou t h of the Lo s Angeles 
River Bridge . 

1.2 DESCRIPTI ON OF EXPLORATI ON AND TESTI NG PROGRAMS 

Field explorations consisted of s ubsurface drilling , sampling , 
and testi ng, piezome t e r installation , ground water mon itoring , 
and geophy s ical testing. The l aboratory te sting prog ram was 
conducted as the samples were obtained and b r ought to the labo ra ­
tory . 

1. 1 
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A total of 60 borings were drilled to depths of 10 to Gl feet, 
for a total of 1,529 lineal feet of drilling. The drilling was 
performed with rotary wash-type and bucket auger-type drilling 
equipment. 

Laboratory tests performed include moisture content and density 
tests, direc~ shear tests, consolidation tests, compaction tests, 
and California Bearing Ratio tests, particle size distribution, 
and permeability tests. 

1.3 PROJECT GEOLOGY 

The geologic material s that will have the greatest effect on the 
proposed project conslst of the existing fill materials, the 
Recent (Holocene age ) alluvial materials, and the Pleistocene 
terrace deposits. The Recent alluvial and Pleistocene deposits 
are typical of the uppermost natural soils that extend throughout 
most of the Los Angeles Coastal Plain. 

The northern portion of the segment crosses the estimated trace 
of the Cherry Hill Fault, which is a part of the Newport­
Inglewood Fault Zone. Due to its relationship with the active 
Newport-Inglewood Fault Zone, the Cherry Hill Fault is currently 
included within the Alquist-Priolo Special Studies Zone for fault 
rupture hazard studies. The California Division of Mines and 
Geology is currently reviewing the limits uf this Special Studies 
Zone in thi s area . A draf t Fault Evaluation Report (FER) will be 
available :or review in January 1986 . 

1.4 SUBSURFACE CONDITIONS 

The soils encountered in the borings consist of alluvial and 
terrace deposits, except for shallow fill materials comprising 
the SPTC trackbed. 

The alluvial deposits consist primarily of silty sands, clayey 
sands, sands, silts , and clays. These deposits are generally 
moderately firm to firm at shallow depths but . become more firm 
with increased depth . The terrace deposits consist primarily of 
silty sands, clayey sands, sands, and silts, with lesser deposits 
of clay. These deposi ts are generally firm at shallow depths. 

Ground water wa s encountered at depths of 29 to 54 feet . 

1. 2 
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1.5 DESIGN CONSIDERATIONS 

Design recommendations are presented for foundation support for 
the various proposed structures. The recommendations are based 
on the results of the field explorations and laboratory tests, 
the engineering ana lyses based thereon, and on the geologic and 
ground motion studies. 

The existing fill soils and upper natural soils are not capable 
of providing the level of uniform support that is required for a 
low maintenance rail operation. To provide uniform support, the 
upper fill and natural soils should be excavated so as to permit 
the placement of at least one foot of properly compacted subgrade 
fill beneath the subballast . Proof-rolling with heavy equipment 
should be performed to detect any soft areas that still remain 
after the recommended depth of excavation is completed. 

For the support of a new structure across Bixby Slough, friction 
piling is recommended. Pile capacities are provided for driven 
piling. If alternative structures are considered which require 
intermediate support within the slough area, additional explora­
tion borings will be required. 

The foundation support for the overhead contact system may 
utilize drilled cast-in-place reinforced concrete piers. 

Design recommendations are also presented for the pedestri~n 
underpass and the widening of the exis ting railroad embankment at 
the north end . 

1. 3 
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SECTION 2.0: 
INTRODUCTION 

2.1 PROJECT LOCATION 

This repor t presents the results of the geotechnical investiga­
t ion performed along the Long Beach Alignment of t he proposed 
Long Beach-Los Angeles Rail Transit Project. 

The Long Beach-Los Angeles Rail Transit Project is a conventional 
light rail system that will extend along a transportation corri­
dor from downtown Long Beach to downtown Los Angeles. The 
proposed system alignment, which is shown on Figure 2-1, System 
Map, will pass through the cities of Compton and Carson and 

hrough the unincorporated areas o f Florence-Graham, Willowbroo. , 
and Dominguez Hills in Los Angeles County. The total route will 
be approximately 22 miles in length, with about 15-1/2 miles of 
it following the existing Southern Pacific Transportation Company 
(SPTC) right-of-way (Wilmington and East Long Beach Branches). 
Much of the project route will essentially be the same as the 
last line operate d by the Pacific Electric Railway's "Red Cars", 
which ceased operation in 1961. The overall project will be part 
at grade, part above grade (aerial), and part subway. The 
relative l ocations of these va r ious segments are presented on 
Figure 2-2, Ma i nline Route Schematic. 

The proposed Long Beach Alignment begins just soutr. of the Los 
Angeles River Crossing and extends southerly along the SPTC 
right-of-way to just south of 27th Street, at which point the 
alignment extends southerly along the median of Long Beach 
Boulevard to Ocean Boulevard. The alignment and profile are 
presented on the project drawings, Figures 2-3 through 2-21, Long 
Beach Alignme nt, Boring Location Plan. 

2.2 PROJECT DESCRIPTION 

The proposed Long Beach Alignment will consist of double tracks 
at graue. A t ota l of 7 passenge r stations are presently planne d 
along the Long Beach Alignment at the following locations: 

Station 

Wardlow Road 
Willow Street 
Hil l Street 
Paci fic Coast Highway 
Anahe im Street 
5th/6th Street 
1st Street 

2.1 

Profile 

At-Grade 
At-Grade 
At-Grade 
At-Grade 
At-Grade 
At-Grade 
At-Grade 
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The existing railroad embankment at the north end will be widened 
to 28 feet. 

A new structure is planned across the Bixby Slough near the north 
end of the alignment . The following four alternatives are being 
considered for the new structure : 

1. Steel Stringer Bridge 
2. Concrete Bridge 
3 . ARMCO Multi Plate Culverts 
4. Timber Trestle 

A pedestrian underpas s is planned approximately 65 feet south of 
the Los Angeles River Bridge. 

Two park-and-ride areas are planned at the Wardlow Road ad 
Willow Street Stations. 

The overhead contact system will consist of cantilevered pole 
structures generally located midway between the two parallel 
tracks . Where feasible, cast-in-place reinforced concrete pier 
found ations will be used . Along-track spacing of the foundations 
will be approximately 200 feet. 

2.3 PURPOSE OF INVESTIGATION 

The purpose of this geotechnical investigation was to evaluate 
the geotechnical conditions along the proposed alignment with 
regard to ~heir possible effects on the design and construction 
of the planned rail transit pro ject. 

2.4 SCOPE OF WORK 

The sco pe of work for this investigation included the following : 

o Dri lling and sampling 
o Piezometer installat ions 
o Downhole seismic surveys 
o Laboratory test ing 
o Geologic and seismic studies 
o Engineering analyses 
o Seismic e ngineering studies 
o Conclus ions and recommendati ons 
o Preparation of geotechnica l report . 

2 . 2 
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2.5 LIMITATIONS OF INVESTIGATION 

Our professional services have been performed using that degree 
of care and skill ordinarily exercised, under similar circum­
stances, by reputable geotechnical engineers and geologists 
practicing in this or similar localities. No other warranty, 
expressed or implied, is made as to the professional advice 
included in this report . This report has been prepared for the 
Los Angeles County Transportation Commission (LACTC) and the 
Southern California Rail Consultants (SCRC) and their design 
consul tan ts to be used solely in the design of the 'proposed 
facilities. The report has not been prepared for use by other 
parties, and may not contain sufficient information for purposes 
of other parties or other uses. 

2.6 INSPECTION OF BORING SAMPLES 

Soil samples recovered from the borings and remaining after 
laboratory testing are stored at the laboratory of LeRoy Crandall 
and Associates , 711 North Alvarado Street, Los Angeles, Cali­
fornia 90026. 

2.7 PREVIOUS INVESTIGATIONS 

Prior geotechnical investigations performed by our firm for other 
proposed rail transit projects of which portions extended along 
alignments similar to that of this project, are covered in the 
following reports: 

o Report of Preliminary Geotechnical Investigation, Proposed 
Long Beach-Los Angeles Rapid Transit Corridor, for the 
Southern California Rapid Transit District, dated June 20, 
1976 . 

o Report of Preliminary Foundation Investigation , Proposed 
Rapid Transit System: Wilshire, San Gabriel Valley, San 
Fernando Valley, and Long Beach Corridors by the Southern 
California Rapid Transit District, dated April 26, 1966 . 
(Performed investigation for Joint Venture of Kaiser Engi-
neers and Daniel , Mann, Johnson and Mendenhall . ) 

2 . 3 





Reports covering our prio r work for this projec L are identified 
as follows : 

0 Task 1 : 

0 Task 2 : 

0 Task 3 : 

0 Task 4 : 

0 Task 5 : 

0 Task 6 : 

C T a ~ t.. 7: 

0 Task 8 : 

0 Task 9 : 

Library Search , da t ed March 6 , 1985. 

Library Search, dated March 8, 1985. 

Initial Boring Program, dated March 19, 1985. 

Preliminary Budget Estimate and Time Schedule, 
dated April 18 , 1985. 

Parameters for Seismic Analysis, Los Angeles River 
Bridge, dated August 1 , 1985 . 

Geotechnical Report, MC5 SPTC Railroad Relocation, 
dated ~ovember 27, 1985. 

Ce o ·:c?i::::1:1 ical Report, LACTC-SPTC Mid Corridor , 
da ted September 23 , 1985. 

Geotechnical Repor t , Flower Street Subway , dated 
December 6, 1985. 

Geotechnical Report, Main Yard and Shops, Aeria l 
Structure and Los Angeles River Bridge , dated 
November 20, 1985 . 

o Task 11: Geotechnical Report, Washington Boulevard Align-
ment, dated January 10 , 1986. 

o Preliminary Environmental Risk Assessment and Site Safety 
Plan prepared by MED- TOX Associates, Inc., dated Septem­
ber 8, 19 85. 

2 . 4 
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SECTION 3.0: 
FIELD EXPLORATION AND LABORATORY TESTING 

3.1 FIELD EXPLORATION PROGRAM 

The field exploration program was performed in accordance with 
the scope of work described in the SCRC memorandum dated Septem­
ber 25, 1985, and our proposal dated October 2, 1985 . 

A detailed description of the drilling exploration program, 
boring logs, piezometer installations, ground water level moni­
toring, and downhole seismic surveys is presented in Appendices A 
through D. 

3.1.1 Borings 

A total of 60 borings were drilled at the locations shown on 
Figures 2-3 through 2-21. The locations and depths of borings 
were initially recommended by SCRC and were modified as necess ary 
to avoid underground utilities and overhead power lines. The 
logs of the borings are presented in Appendix A. 

The borings were 
of 1 ,529 lineal 
between October 
boring locations 

dri:led to depths of 10 to 61 feet, for a total 
feet of drilling. The drilling was performed 
14 and November 21, 1985. A summary of the 
and depths ls presented in Table J -1. 

The soil s encountered were logged by our field representatives, 
and both undisturbed and bulk samples were obtained for labora­
tory inspection and testing. Undisturbed samples were obtained 
with the Crandall sampler at depth intervals of about five feet 
and at major changes in soil stratigraphy . Standard penetration 
tests were performed in the rotary wash borings at depth inter­
vals of approximately ten feet . Detailed descriptions of the 
field exploration procedures are presented in Appendix A. 

3.1.2 Drilling Contractors and Equipment 

The drilling was performed with rotary wash-type and bucke t 
auger-type drilling equipment. The rotary wash borings were 
drilled by C & L Drilling Company who utilized a Mahew 1000 
drilling rig operated by a two-man crew. Most of the auger 
borings were drilled by the C&L Drilling Company, who utilized a 
bucket-type rig operated by a two-man crew. A few auger borings 
were drilled by August Construction, who utilized a smal _er 
bucket-type rig operated by a two-man crew . 

3 . 1 
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Table 3-1 

Summary of Borings 

Boring 
Boring Figure Depth Dri lling 
Number No, (ft .} Type Rema rks 

1000 2-3 36 Auger Trackbed 
1001 2-4 20 Auger Trackbed 
1001-A 2-4 28 Auger Trac kbe d 
1002 2-4 25 Auger Trackbed 
1003 2-5 20 Auge r Trac kbe d 
1004 2- 5 30 Auger Tr estle o r 

Embankme nt 

*1005 2-5 60 Rotary Wash Culvert Draina g e 
Channe l 

1006 2- 5 20 Auger Trackbed 
1007 2- 5 20 Auger Culvert & 

Dr ainage Channel 
1008 2-6 20 Au ge r Trackbed 
1009 2- 6 20 Auge r Trackbed 

1010 2- 6 20 Auger Trackbed 
*1011 2- 7 60 Rota ry Wash Possible Wardlow 

Station 
1012 2-7 30 Auyer Possible Wardlo w 

Station 
1013 2- 6 10 Auger Park and Ride 
101 4 2- 7 10 Auger Park and Ride 

1015 2- 7 30 Auge r Planne d Wardlow 
Station 

*1016 2- 7 60 Rota r y Wash Planned Wardlow 
Station 

1017 2- 7 10 Aug e r Park and Ri d e 
1018 2-7 11 Auge r Pa rk and Ri d e 
1019 2- 8 20 Auger Trackbed 

1020 2- 8 20 Auger Trackbed 
102 1 2- 9 20 Au g e r Trackbed 
1022 2-9 15 Au ge r Trac kbe d 
1023 2- 9 15 Auger Trackbed 
1024 2- 10 15 Auger Trackbed and 

Depres s ion 

* 2 " d iameter PVC p i pe installed . 

• 
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Table 3-1 

Summary of Borings 
(continued) 

Boring 

Boring Figure Depth Drilling 

Number No. (ft.) Type Remarks 

1025 2-10 15 Auger Trackbed 

1026 2-10 30 Auger Willow St. Station 

*1027 2-11 61 Rotary Wash Willow St. Station 

1028 2-10 15 Auger Park and Ride 

1029 2- 11 15 Auger Park and Ride 

1030 2-11 11 Auger Park and Ride 

1031 2- 11 11 Auger Park and Ride 

1032 2- 11 20 Rotary Wash Trackbed 

1033 2-11 15 Auger Trackbed 

1034 2-12 15 Auger Trackbed 

1035 2-12 15 Auger Trackbed 

1036 2-13 15 Auger Trackbed 

*1037 2-13 61 Rotary Wash Hill St . Stat ion 

1038 2-13 30 Auger Hill St. Station 

1039 2-14 15 Auger Trackbed 

1040 2- 14 15 Auger Trackbt!d 

1041 2-14 15 Auger Trackbed 

1042 2-15 30 Auger PCH Station 

*1043 2-15 61 Rotary Wash PCH Station 

1044 2-16 20 Auger Trackbed 

1 045 2- 16 15 Auger Trackbed 

1046 2-17 15 Auger Trackbed 

1047 2- 17 30 Auger Anaheim Station 

*1048 2-17 61 Rotary Wash Anaheim Station 

1049 2- 18 15 Auger Trackbed 

1050 2-18 15 Auger Trackbed 

1051 2- 19 20 Auger Trackbed 

1052 2-19 30 Auger 7th St. Station 

1053 2- 19 60 Rotary Wash 7th St. Station 

1054 2- 20 15 Auger Trackbed 

* 2 " diame ter PVC pipe installed . 

• 
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Boring 
Number 

1055 
1056 

*1057 
1058 

Figure 
No . 

2- 20 
2- 21 
2-21 
2-21 

Table 3-1 
Summary of Borings 

(continued) 

Boring 
Depth 
(ft . ) 

15 
31 
61 
16 

Drilling 
Type 

Auger 
Auger 
Rotary Wash 
Auger 

• 2" diameter PVC pipe installed . 

3 .1.3 Soil Classification 

Remarks 

Trackbed 
1st St. Station 
1st St. Station 
Trackbed 

The soils were classified using the Unified Soil Classification 
System. Th e field soil classificat ions were verif ied by visual 
inspection in the laboratory by staff engineers and fur t her 
ve rified (as necessary) by laboratory tests. 

3.2 PIEZOKETER INSTALLATION 

After the completion of dr illing Borings 1005, 1011 , 1016, 1027 , 
1037, 1043, 1048 , and 1057, a 2-inch- diameter PVC pipe was 
installed in each boring for futur e monitoring of the ground 
water leve_, 

Detailed descriptions of the piezometer installations and 
observed water levels are presented in Append ix A. 

3.3 DOWNBOLE SEISMIC SURVEYS 

Downhole seismic surveys were performed at three locat ions 
(Borings 1005 , 1027 , and 1057) to determine the propagation 
velocities of the compres sion waves {P waves) an d shear wave s (S 
waves). The test procedures and results are presented in Appen ­
dix B . 
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3.4 LABORATORY TESTING PROGRAM 

Each soil sample was first visually observed in the laboratory to 
veri fy the sample description and classification assigned by the 
field personnel . A laboratory testing program was then developed 
that would provide the soil pararmeters required in performing 
various engineering analyses. The testing program was submitted 
to SCRC for review prior to commencement of testing. The various 
tests performed include the following: 

o Moisture Content/Dry Density 
o Direct Shear 
o Consolidation 
o Compaction 
o Particle Size Distribution 
o Permeability 

The test procedures and results a re presented in Appendix C. The 
field moisture content and dry density of the undisturbed soil 
samples are shown to the left of the boring logs presented in 
Appendix A . 
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SECTION 4.0: 
GEOLOGY 

4.1 GENERAL 

The proposed Long Beach Alignment is located in the south central 
part of the broad Los Angeles coastal plain. The coastal plain 
is drained by the Los Angeles River. The northern segment of the 
alignment , which is oriented in a northwest direction, overl ies 
the basin boundary and crosses the trace of the Cherry Hill 
Fault . The northernmost port ion is located in the Central Basin 
pressure area and the southern portion is located in the West 
Coast Bas i~ (see Fault Map, Figure 4-1). The southern segment of 
the alignment, oriented parallel to the flow of the Los Angeles 
River, is located in the Long Beach Plain, a physiograp ic 
feature of the West Coast Basin. 

The sed imentary materials which compri se the ground water basin 
attain a maximum thickness of approxima tely 1 ,4 00 feet a long the 
Gardena Syncline near the Willow Street Station (DWR, 1961). The 
Quaternary sediments are underlain by Tertiary sedimentary rock ; 
pre-Cretaceous granitic rocks, such as are found in the San 
Gabriel Mountains a:r.d Verdugo Mountains, and metamorphic rocks 
such as are exposed near the center of the Palos Verdes Hills . 

4.2 GEOLOGIC MATERIALS 

The uppermost natural soi ls along the alignment are typical of 
the Recent alluvium and Pleistocene terr ace deposits that extend 
throughou t mo st of t he Los Angeles Coastal plain . The Recent 
alluvium is underlain by semi-consolidated Pleistocene age 
sediments, which comprise the major water bearing units . The 
Pleistocene age sediments are underlain by consolidated Tert iary 
and Cretaceous sedimentary rocks that extend to depths varying 
from about 10,000 feet near the south end of the alignment to 
about 20,000 feet near the north end of the alignment (U.S. G.S . 
Professional Pape r 420-A) 

4.2.1 Recent Alluvium 

The Recent age alluvium generally consists of fine-grained flood 
plain deposits consisting of discontinuous sandy silt and clay 
beds with lenses of silty sand, sand, and gravel . The Recent 
alluvium varies in thickness along the proposed Long Beach 
Alignment, but is typically less than 200 feet thick. The 
surficial exposure s of the Recent alluvium are shown on 
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Figure 4-2, Geologic Map. The depth and thickness of the Recent 
alluvium along the alignment is represented on Figures 4-3 and 
4-4, Generalized Geologic Profile. 

4 . 2.2 Pleistocene Deposits 

Semi-consolidated Pleistocene flood plain, terrace, and del taic 
sedimentary deposits underl ie the Recent alluvium along the 
entire alignment , and locally attain a maximum thicknes s of some 
1,100 feet in the vicinity of Wardlow Road and Long Beach Boule­
vard intersection. These deposits, comprised of the Lakewood and 
San Pedro Formations, consist of thick sequences of sands and 
gravels interbedded with finer grained sandy silts and clays. 
These materials were deposited in an elongated northwesterly 
trending basin, north of the Newport- Inglewood structural zone 
and include the major waterbearing units of the coas t al plain. 

4.2 .3 Pliocene Series 

The Pliocene series is represented by the Fernando Formation, 
Pico Formation, and the Repetto Formation. In addition , the Pico 
formation is subdivided into upper, middle, and lower members. 

4.2.3.1 Pliocene Fernando Formation 

As adapted by Lamar for the Los Angeles Basin (CDMG 1970), this 
forma tion underlies the alluvial .:ind terrace deposits and out­
crops on Bunker Hill in downtown Los Ange les . The Fernar.do 
Formation consists of massive siltstones, sandstones, and 
conglomerates . Rocks of the Fernando Formation beneath Bunker 
Hill consist primarily of mass i ve grey siltstones. The Fernando 
Formation is not present, as such, in the Long Reach Alignment. 
It may be correlated with the upper marine part of the Pico 
Formation. 

4.2 . 3 . 2 Pico Formation 

The upper Pico Formation is generally composed of sand, silt, and 
c lay of marine origin interbedded with mar ine grave ls. Beds of 
gravels and sands range in thickness from 20 to 100 feet and are 
separated by beds of micaceous siltstone and clays. This member 
is generally considered to be poorly consolidated in a geologic 
sense . 

Unconformably beneath this uppe r member are the middle and lower 
members of the Pico Formation . Li thologically, the middle and 
lower divisions are composed of greenish-grey micaceous siltstone 
and fine to coarse light grey feldspathic sandstone interbedded 
with claystone and shale . 
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4.2.3.3 Repetto Formation 

The Repetto Formation of early Pliocene age is composed mostly of 
siltstone with layers of sandstone and co~glomerate . If present 
beneath younger sediments , it represents the lower portion of the 
Pliocene age sediments . 

4 . 2 . 4 Miocene Serie s 

Sedimentary rock s o f midd l e a nd late Miocene include the Mon te r ey 
Formation in t he Palos Verdes Hills , south of the a lignment, the 
Modelo Formatio n i n the Santa Monica Mountains nor th of the area , 
and in the Puente Formation , which underlies a substantial 
portion of the coas tal plain , Repetto and Puente Hil ls. These 
formations consist pr i mar ily of consolidated clay shales, sand­
stones and conglomerates. The Miocene sequences locally attain 
thicknesses of up to 6,000 feet. 

4 . 2 . 5 Jurassic System 

The basement rocks underlying the Miocene sediments of the West 
Coast Basin include the Catalina Schist in the West Coast Basin; 
granitics, slates, and meta - volcanic rocks underlie the Central 
and East Coast portion of the basin . The northwest trending 
Newport- Inglewood St~uctural Zone separates these two bedrock 
complexes with the schist occurring on the southwest side . 

4. 3 GEOLOGIC STRUCTURE 

The most signific ant geolog i c structures with in the ent ire 
alignment are those a ssoc iated with the Newport- Ing lewood Struc ­
tural Zone . This structural system extends in a nor t hweste r ly 
direction from Newpor t Me s a in Orange County to the Beverly Hills 
Area and is composed of an complex system of en echelon faults , 
anticlinal folds , and domes. Regional deformation along the 
Newport- Inglewood Fault Zone has resulted in the formation of 
local geologic features within the general area of the alignment 
which include, Dominguez Gap , the Long Beach Anticline, and the 
active Cherry Hill Fault . The Long Beach anticline located eazt 
of the alignment is a narrow , elongated, asymmetrical structure 
with northwesterly trend and is cut by several faults . One of 
the more important of these fau l ts is the Cherry Hil: Fault . The 
Cherry Hill Fault intersects the alignment immediately south of 
the shop and maintenance yards and parallels the alignment for 
approximately one mile . The trace of the fault extends across 
Dominguez Gap near the southerly end o f the Mid- Corridor and 
disappears along the northeast flank of Dominguez Hil 1. The 
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fault extends along the southwest side of Signo.l Hill to the 
southeast . The faul t trace south of Dominguez Hill apparently 
has not offset the Gaspur aquifer of Holocene age , and is 
therefore assumed to be greater than 11,000 years old . 

The fault has created an effective barrier to ground water 
movement in the Pleistocene depo s its at depth. It is included 
within the State Special Studies Zone for fault rupture hazard . 
The Cherry Hill Fault is one of the structural features currently 
undergoing r e - review by the California Division of Mines and 
Geology for Alquist-Priolo classification purposes . This r eview 
may resul t in modification or removal of the hazard zone. Other 
s tructural features associated with the Newport- Inglewood Struc­
tural Zone are the Dominguez Anticline and Paramount Syncline, a 
northwest trend ing series of folds created by uplift a ssociated 
with the faulting. 

4.4 GROUND WATER 

Most of tr.e Long Beach Alignment is within the West Coast Basin 
as defined by the California Department of Water Resources . The 
northern por tion of the alignment (north of the Cherry Hill 
Fault ) lie s within the Central Basin Pressure Area . Basin 
boundaries here are primarily controlled by the Newport-Inglewood 
Fault Zone of which the Cherry Hill Fault is a part . 

Near the Cherry Hill Fault, the Recent alluvium is separated from 
the Upper Ple istocene aquifers by numerous clay aquitards . This 
area has bee n delineated as the Central Basin Pressure Area by 
the Departmen t of Water Resource s due to the confined nature of 
the Pleistocene aquifers. North of the Cherry Hill Fault, near 
Compton Creek, the aquifers of the Lakewood Format ion are uncon­
formably overlain by and in hydraulic continuity with the Gage 
Aquifer in the Holocene alluvium . 

The water l evels from wells that penetrate the Pleistocene 
aquifers ind icate that the piezometr ic s urface (static level of 
water in an aquifer ) is typically 100 to 200 feet below ground 
surface in the Central Basin Pressure Area . While these levels 
do not repre sent the conditions in the Holocene Gaspur Aquifer , 
it is feasible that , due to improper well construction or 
multiple zone perfora t ed interva ls in wells , water levels from 
the deeper aquifers may actually approach water level s in the 
upper Ho locene aquife r. Since no construction activit ies are 
anticipated at these depths, ground water from the Pleistocene 
aquifers should not po s e a serious problem . 
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Hydraulic continuity of the aquifers of the Lakewood Formation 
has been disturbed by movement along the Cherry Hill Fault. The 
base of the Lake wood Formation, which corresponds to the Gage 
aquifer , has been displaced on the southwest side of the fau lt by 
younger sediments of low permeability . 

Insufficient data are available to develop ground water contours 
representing the slope of the ground water surface in the 
Holocene aquifer . Our exploration borings along the propose d 
alignment indicate the presence of local perched ground water 
conditions in the upper Recent all uvium. Perched water condi­
tions occur where isolated lenses or layers of coarser mater ials 
are under l ain by impermeable or low permeabi lity clays which 
restrict drainage at the base of t he coarser materials. 

Our recent borings suggest that current water levels are locally 
as shallow as 29 feet below ground surface with static water 
level expected to be on the order of 40 feet or more below 
present grade. However , some minor seepage may be encountered at 
shal lower depths . For instance, water seepage was encountered 
between 23 and 25 feet below ground surface in Boring 1026. 

4.5 GEOLOGIC HAZARDS 

4 . 5 . 1 General 

The geologic hazards along the Long Beach alignment -are es ­
sentially limited to those caused by earthquakes . The major 
cause of damage from earthquakes is the result of violent shaking 
from earthquake waves; damage due to actual displacement or fault 
movement beneath a structure is much less frequent . No act ive 
faults are crossed by the Long Beach alignment and the haz ard 
from fault rupture is not likely to be present . The violent 
shaking would occur not only immediately adjacent to the earth­
quake epicenter but within areas fo r many miles in all direc­
tions. 

4.5.2 Faults 

The numerous faults in Southern California include active , poten ­
tially active , and inactive faults . The criteria for these ma jor 
groups, as established by the Associa tion of Engineering Geolo­
g ists (1973), are presented in Table 4-1. Table 4- 2 presents a 
listing of active faults in Southern California with the antici­
pated magnitude of a maximum credible ear thquake of each fault . 
Table 4- 3 provides a similar listing for potentially active 
fault s . 
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TABLE 4-1 

CRITERIA FOR CLASSIFICATION OF FAULTS WITH 

REGARD TO SEISMIC ACTIVITY 

(From Association of Engineering Geologists, 
Geology and Earthquake Hazarcs, 1973) 

A. Active Faults : (See Table 4-2) 

These faults are those which have shown historical activity since 
1769. This category includes such faults as the San Andreas, San 
Jacinto, and Newport- Inglewood. 

B. Potentially Active Faults : (See Table 4-3) 

These faults are those, based on available data, along which no known 
historical ground surface ruptures or earthquakes have occurred. These 
fau lts, however, show strong indicat ions of geologically recent activi ty. 
Potentially active faults can be placed in two subgroups that are based 
on the boldness or sharpness of their topographic features and the esti­
mates rela ted to recency of activity . These subgroups are : 

1. Subgroup One - High Potential 

a. Offsets affecting the Ho l ocene deposits (age less than 10 -
11, 000 years). 

b. A ground water barrier or anomaly occurring along the fault 
within the Holocene deposits. 

c. Earthquake epicenters (generally from smal l earthquakes 
occurring close to the fault). 

d. Strong geomorphic expre ssion of faul t origin features 
(e .g . faceted spu1·s , uf fse t r • dge5 or stream valleys or 
simi lar features, especially where Holocene topography 
appears to have been modified) . 

2 . Subgroup Two - Low Potential 

Thi s subgrou? is the same as 1-a , b, or d above, with the excep­
tion thc:1t th~ indications of fault movement can be only determined 
in Pleistocene depos i ts (less than 1 , 000 , 000 years ago) . 

C. Inactive Faults: 

These faults are without recognized Holocene or Pleistocene offset 
or activity . 
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TPJ3LE 4-2 

MAJOR NAMED FAULTS CONSIDERED TO BE ACTIVE (a) 

IN SOUTHERN CALIFORNIA 

Date of Maximum 
Fault Latest Major Credible 

(in alphabetical order) Activity Earthquake 

Big Pine 1852 7.5 (b) 

Coyote Creek 1968 7.2 (c) 
Elsinore 1910 7 . 5 (b) 

Garlock (d) 7. 75 (b) 
Malibu Coast 1973 7.0 (c) 
Manix 194 7 6.25(b) 

More Ranch (d) 7 . 5 (b) 

ewport-Inglewood 1933 6 . 5 (f) 
San Andreas Zone 1857 8 . 25(b) 

San Ferrando Zone 1971 6.5 (b) 

San Jacinto Zone 1968 7.5 (b) 
Supersti tion Hills 1951 7 . 0 (b) 

White Wolf 1952 7.75(b) 
Whittier 1929 ( ?) 7 . 1 (c) 

(a) Historic movement (1769 - present) . 
(b ) Greensfelder, C.D . M.G. Map Sheet 23, 1974. 
(c) Mark (1977) Length-Magnitude rela.tio11ship . 
(d) Intermittent creep . 

Known Fault 
Length {el 

{Miles) 

47 
50 

120 

170 
30 
15 

34 
25 

200+ 

8 
112 

22 

60 
30 

(e) Based on Division of Mines & Geology, Preliminary Report 13, 1973 . 
(f) Raymond Kaiser Engineers, Inc ., Report o: Subtask 9 .6, March 1985 . 

4. 7 





• 

• 

TABLE 4-3 

MAJOR NAMED FAULTS CONSIDERED TO BE POTENTIALLY ACTIVE (a) 

IN SOUTHERN CALIFORNIA 

Fault 
(in alphabetical order) 

Calico- Newberry 
Charnock 

*Chino 
Cucamonga 

*Duarte 

Helendale 
Northridge Hills 
Norwalk 
Oakridge 

*Overland 

Ozena 
Palos Verdes 
Pinto Mountain 
Raymond 
San Cayetano 

*San Gabriel 
*San Jose 
Santa Cruz Island 
Santa Monica-Hollywood 
Santa Susana 

Santa '!nez 
Sierra Madre 
Sierra Nevada 

*Verdugo 

Maximum 
Credible 

Earthquake 

7.25(b) 
6. 6 (c) 

6 . 7 (c) 
6. 5 (b) 
6. 3 (c) 

7 . 5 (b) 
6. 5 (b) 
6. 4 (c) 

7 . 5 (b) 
6. 2 (c) 

7. 3 (c) 

7.0 (b) 
7. 5 (lJ) 

6. 6 (c) 

6 . 75(c) 

7. 5 (c) 
6. 5 (c) 
7. 2 (c) 
6 . 8 (c) 
6 . 5 (b) 

7. 5 (b) 
7. 5 (b) 
8.2S(b) 
6 . 8 (c) 

(a) Pleistocene deposits disrupted. 
(b) Greensfelder, C. D.M. G. Map Sheet 23, 1974 . 
(c) Mark (1977) Length-Magnitude relationship. 

Fault 
Length (d) 

(Miles) 

60 
13 

18 
20 
10 

60 
12 
20 
35 

6 

30 
42 
15 

80 
17 
50 
17 
10 

100 
55 

118 
12 

(e) Based on Division of Mines & Geology, Preliminary Report 13, 1973 . 
* Low Put~ntidl ~er A.E.G. definition . 
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4.5.2.1 San Andreas Fault 

The San Andreas Fault is the best known and most significant 
fault in California. The San Andreas Fault is located on the 
north side of the San Gabriel Mountains. This fault is about 44 
miles north-northeast of the Long Beach alignment at the nearest 
point on the fault, and is considered capable of producing an 
earthquake of magnitude 8 or greater in the Southern California 
region. 

4.5.2.2 Newport-Inglewood System 

Descriptions of subsurface displacements on faults presumably 
related to the Newport-Inglewood Zone are relatively commonplace 
in the literature. Graves (1954) indicates that several faults 
called "A", "B", "X", "W-1", "W-2", and "WC-2" have been identi­
fied in the Dominguez Oil Field located west of the Mid Corridor 
between Stations 700+00 and 800+00. These faults are low angle 
and may not reach ground surface due to their curved shape. 
Faults "W- 1" and "W-2" are of interest in that several oil well 
casings pe netrating these faults ruptured at depths between 4,000 
and 7,000 feet below sea level on October 21, 1941, Castle 
(1969). No surface rupture was associated with this subsurface 
movement. This event has been called the Gardena earthquake, 
magnitude 4.9. 

The Torrance-Gardena earthquake of November 14, 1951, had a 
magnitude of 5.4 on the Richter Scale. No surface ruptures were 
reported; however, there were numerous incidents of broken water 
mains and pipes. The movement occurred on an unknown fault at 
depth. "Pipelines appeared to be pulled loose in a north-south 
direction in Lomita, San Pedro and Wilmington" (Department of 
Water Resources Bulletin 116-3, 1967). 

4.5.2.3 Cherry Hill Fault 

The Cherry Hill Fault has apparently not offset Holocene depos­
its, and is therefore more than 11,000 years old. The fault has 
created an effective barrier to ground water movement in lower 
Pleistocene deposits. It crosse s the north end of the Long Beach 
Alignment. 

4.5.2.4 Los Alamitos Fau l t 

The Los Alamitos Fault is a minor feature in the crysta l line 
bedrock surface and extends upward into the lower portion of the 
Pleistocene deposits. The fault trends northwest-southeast and 
is the southeastward extension of the Paramount syncline. This 
fault is considered to be inactive . 
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4.5.3 Seismicity 

The epicenters of the major recorded earthquakes in Southern 
Cali fornia are s hown on Figure 4-5, Major Recorded Earthquakes . 
The epicenter of the March 11 , 1933, Long Beach earthquake , 
magnitude 6.3, was located approximately 17 miles southeast of 
the south end of . the Long Beach alignment . This earthquake , 
although of only moderate magnitude, rank s as one of the major 
disaster s in Southern California . The majority of the damage was 
suffered by structures which are now considered substandard 
construction and/or were located on filled or saturated ground. 

The rec urrence curve shown on Figure 4-6 indicates t he seismicity 
of the Long Beach segment. The r ecurrence curve was deve loped 
based on the seismic i ty of the area which was determined from a 
computer search of a magnetic tape catalog of earthquakes. The 
catalog of ear t hquakes included those with a Richter magni tude 
greater than 4 compiled by the California Institute of Techno logy 
for the period 1932 to 1981, and those larger earthquakes for the 
period 1812 to 1931 compi led by Richter and the U. S. Nat ional 
Oceanic and Atmospheric Administration (NOAA ). 

The compu ter printout of the seismici ty search of the Long Beach 
alignment i s presented in Appendix D. The information listed for 
each earthquake fo und in the computer printout includes date and 
time in Greenwich Civil Time (GCT), location of the epicenter in 
la titude and longitude, quality of the epicent r al determination 
(Q) , depth in kilometers, and magnitude . Where a depth of 0.0 is 
given, the solution was based on an assumed 16-k ilorne ter focal 
depth . 

The recurrence curve was developed on the basis of the seisrnicity 
of any area having a r adius of 100 kilometers. The application 
of the Poisson probability law to the resulting recurrence curve , 
as shown on Figure 4- 7 , Estimated Probability of Earthquake 
Occurrence, p rovides an estimate of the probability of earthquake 
act ivity that may af fect the Long Beach segment. 

4.5.4 Subsidence 

The Long Beach alignment is located within an area of known 
subsidence, believed to be related to withdrawal of oil from 
relat ively shallow producing zones of the Long Beach and 
Wilmington oil fiel ds. The main are a of subsidence, located on 
Terminal Island, has experienced a maximum total subsidence since 
the early 1930' s of approximately 29 fee t; the rate has been 
great ly retarded by repressuri zation of these zones with sea 
water injection . Recent reports by the City of Long Beach, 
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Department of Oil Properties on " Elevation Changes in the City of 
Long Beach 11 (May, 1983 - November , 1983) show rebound occurring 
in the area of the Long Beach alignment south of Pacific Coast 
Highway (PCH) . Total rebound to November, 1983 is from +0 . 4 feet 
at PCH to +0. 7 feet at Ocean Boulevard. As long as current 
efforts for subsidence control continue, no significant problems 
due to future subsidence along the Long Beach alignment are 
anticipated. 

4.5 . 5 Liquefaction 

The evaluation of the liquefaction potential of the soils along 
the alignment involved the estimation of the potential loss of 
shear strength of the saturated cohesionless soils during earth­
quakes that may affect· the project. The significant factors that 
may affect liquefaction include the soi l type, particle size , 
gradation, water level , relative density , stress history, con­
fining pressure , intensity of shaking, and duration of shaking. 
Studies indicate that the liquefaction potential is the greatest 
where the ground water level is shallow and loose fine sands 
occur within a depth of 40 to 50 fee t. The liquefaction poten­
tial increases as the ground acceleration and duration of shaking 
increase. 

The City of Long Beach, Seismic Safety Element (May , 1975) 
indicates potential for liquefaction is small in the area of the 
Long Beach alignment south of Hill Street. From Hill Street to 
27th Street in the area underlain by alluvium , potential for 
liquefaction is indicated as significant . Also , from Spring 
Street to 33rd Street , and in the north end (L.A. River cross ing 
area ) the potential for liquefaction is indicated as significant 
in the seismic safety element. 

Our analysis of the boring l ogs indicates that the potential for 
soil liquefaction producing significant effects on the proposed 
Long Beach Alignment to be very low. Within the portions indi­
cated as having significant potential for liquefaction defined by 
the Seismic Safety Element, the depth to ground water is not very 
s hallow and the soils beneath the water are generally dense . 

4.5.6 Slope Stability 

The existing railroad embankment along the northerly portion of 
the alignment may be subjected to slumping during severe earth­
quake ground shaking . The remainder of the proposed alignment is 
located on relatively flat ground with typical gradients less 
than 1% (1 foot per 100 feet ). No landslide stability problems 
are documented along the proposed alignment, and the potential 
for landslides along the alignment is considered negligible . 
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4.5,7 Tsunamis, Se iches, and Flooding 

The proposed Long Beach alignment ranges in elevation from 
approximately 20 feet above sea level between Burnett Street and 
Willow Street , to approximately 75 feet above sea level near the 
San Diego Freeway crossing. At its closest point, the Long Beac h 
alignment is within a few blocks north of the Pacific Ocean. The 
closes t portions of the alignment are about 30 feet above sea 
level . The U. S. Army Engineers Waterways Experiment Station 
(May, 1974) indicates tsunami (sea waves generated by earth­
quakes) runup potential is less than 10 feet in elevation for a 
50 0 year event. 

With the exception of the spreading pond, the Long Beach align­
ment is not within a flood hazard area as designated by the 
Federal Emergency Management Agency . It should be noted that the 
Corp s of Engineers are currently performing studies that e valuate 
Los Angeles County Flood Control Facilities to determine if their 
capacities for a capital storm are in fact sufficient to contain 
a 10 0-year flood . 

4.5.8 Oil and Gas Fields 

The northern half of the Long Beach segment is loca ted in the 
Long Beach Oil Field in the area westerly of Signal Hill -as shown 
on Figure 4-2. The southern quarter of the alignment traverses 
the Wilmington Oil Field. Loca l ly, the oil fields may impact the 
construc tion of this segment of the line if oil wells or aban­
doned lines are encountered in the alignment. We have not 
identified specific locations, if any, where this will be a 
problem. 
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SECTION 5.0: 
AT-GRADE TRACKBED AND STATIONS 

5.1 PROPOSED CONSTRUCTION 

The proposed Long Beach Alignment will begin just south of the 
Los Angeles River Crossing and extends southerly along the SPTC 
right-of-way to just south of 27th Street, at which point the 
alignment extends southerly along the median of Long Beach 
Boulevard to Ocean Boulevard. The proposed alignment, which will 
be at grade, is approximately 4-1/2 miles in length. As indi­
cated on Figure 2-2, the trackbed for most of the Long Beach 
Alignment will be at grade or slightly raised on a berm. 

A total of seven passenger stations are ?resently planned along 
the alignment at the following locations: 

Wardlow Road 
Willow Street 
Hill Street 
Pacific Coast Highway 

Anaheim Street 
5th/6th Street 
1st Street 

The station platforms are typically 210 feet long to accommodate 
two 90-foot-long cars plus an additional 30 feet for queuing and 
future fare collection area. High-level platforms, which are at 
the same level as the light rail vehicle floor (39 inches above 
the top of rail), will be used at all station locations. The 
at-grade stations will have center platforms, where passengers 
will wait for trains arriving from either direction. 

Two park-and-ride areas are planned at the Wardlow Road and 
Willow Street Stations. 

A pedestrian underpass is planned just south of the Los Angeles 
River Bridge. The underpass will consist of a reinforced box 
section, having dimensions of 10 feet high, 10 feet wide and 80 
feet long. 

5.2 SITE CONDITIONS 

The segment along the SPTC r i ght-of-way from the Los Angeles 
River Crossing to Boring 1002 is an existing SPTC railroad 
embankment. The maximum difference in elevation between the top 
of the embankment and adjacent existing ground surface is 
approximately 40 feet. Fill soils to a depth of 34-1/2 feet were 
encountered in the area . 
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The site conditions along the at-grade track bed and at the 
proposed station locations are generall y all similar south of 
Boring 1002 along the SPTC right-of-way to just south of 27th 
Street . Ballast general ly covers the sur face . Some underground 
tility lines are located within or in close proximity to the 

existing right-of-way . At 27th Street the alignment extends 
souther ly along the median of Long Beach Bou evard to Ocean 
Boulevard . Along this segment, the alignment is generally paved 
and ad j acen t to commercial property. Underground utility lines 
are located within or close proximity to the existing alignmen t . 

5.3 SUBSURFACE CONDITIONS 

5 . 3 .1 Geologic Materials 

For the a,_ - grade trackbed and stations along the Long Beach 
Alignment, the geologic materials within the upper 20 feet or so 
will have the greatest effect on the proposed construct ion. The 
materials within this limited d pth compr ise of recent a lluvial 
deposits and Pleistocene terrace deposits. 

5 . 3 . 2 Soil Conditions 

5 . 3 .2. 1 Borings 1000 through 1002 

Fill soils were encountered in the borings to depths of 34-1 /2 to 
5-1/2 feet . The fill soils consist primarily of silty sand and 
silt with lesser amounts of sand and clay. The fill soils are 
moderately dense. The unde rlying natural soils consist o f sand, 
si lty sand, a nd silt . The natura l soils are moderately dense. 
The a vera ge relative compaction of the soils within the upper 
five feet at the subj ect boring locations i~ about 83 percent. 

5 .3. 2 . 2 Borings 1003 through 1018 

Ballast was encountered in three of the borings to de pths of 
1-1/2 feet. Fill was encountered in some of the borings to 
depth s of 2 to 6 feet . The fills consist of sand , silty sand , 
clayey sand, silt , and gravel. The underlying natural soils 
consist primarily of clayey sand , silty sand, and silt with 
lesser amounts of sand and clay . The natural soils range from 
moderately firm to fi rm. The average relative compaction of the 
soils with in the upper five feet at the subject boring locations 
is about 88 percent . 
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5.3.2.3 Borings 1019 through 1022 

Ballast was encountered in three of the borings to depths of 
1-1/2 feet. Fill was encountered in all the borings to depths of 
4-1/2 to 9-1/2 feet. The fill soils consist of silt, silty sand, 
and clayey sand. The fill soils are moderately firm. The 
underlying natural soils consist of clayey sand, silty sand, 
sand, silt, and clay. The natural soils range from moderately 
soft to moderately firm in the borings. The average relative 
compaction of the soils within the upper five feet at the subject 
boring locations is about 87 percent. 

5.3.2.4 Borings 1023 through 1032 

Fill soils were encountered in all the borings, ranging from 1 to 
9-1/2 feet in depth. The fill soils consist of sand, silty sand, 
silt, and clay. The fill soils range from moderately soft to 
moderately firm. The underlying natural soils consist of sand, 
silty sand, clayey sand, silt, and clay. The natural soils are 
generally moderately firm to firm, except some moderately soft 
clays in Borings 1028 and 1029. The average relative compaction 
of the soils within the upper five feet at the subject boring 
locations is about 88 percent. 

5.3.2.5 Borings 1033 through 1044 

Fill soils were encountered in ~ome of the borings to depths of 2 
to 8 feet. The fill soils consist of silty sand, silt, and clay. 
The fill soils are moderately soft to moderately firm. The 
underlying natural soils consist primarily of silt, silty sand, 
and sand with lesser amounts of clayey sand and clay. The 
natural soils are generally firm. The average relative compac­
tion of the soils within the upper five feet at the subject 
boring locations is about 90 percent. 

5.3.2.6 Borings 1045 through 1058 

Fill soils were encountered in some of the borings to depths of 3 
to 6 feet. The fill soils consist of silty sand, silt, and clay. 
At the bor i ng locations, the fill soils are generally firm, but 
weaker soils may exist between borings. The underlying natural 
soils consist primarily of silt, silty sand, and sand with less 
amounts of clayey sand and clay. The natural soi l s are firm. 
The average relative compaction of the soils within the upper 
five feet at the subject boring locations is about 93 percent. 

5.4 SEISMICITY 

The seismici ty discussed in Section 4. 5. 3 is applicable to the 
Long Beach alignment. 

5.3 
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5.5 ENGINEERING EVALUATION AND DESIGN CRITERIA 

5.5.1 At-Grade Trackbed 

5.5.1.1 Soil Properties for Static Design 

The soil properties presented in Table 5- 1 are for soils encoun­
tered within the upper five feet at the boring locations at their 
in-situ condition, and also for the same soils compacted to 90 
and 95 percent of maximum dry density obtainable. 

Table 5- 1 
Summary of Average Soil Properties for Calculation of 

Allowable Bearing Value of Subgrade Soils 

Moist Unit 
In - Situ Sampl es ~ C Weight 

From Borings (deg.) ~ {pcf) 

1000 thru 1002 25 300 115 

1003 thru 1018 23 400 ll0 

1019 thru 1022 25 300 llS 

1023 thru 1032 30 250 115 

1033 thru 1044 30 350 llS 

1045 thru 1058 28 700 120 

Remolded Samples 

Clayey Sand 
*90% Compact ion 31 250 130 
*95% Compact ion 41 350 136 

Silty Sand 
*90% Compaction 34 170 122 
*95% Compact ion 39 200 129 

Sandy Silt 
*90% Compact i on 29 250 129 
*95% Compact i on 30 550 135 

* Percent compaction based on ASTM D1557 - 78 method of compaction. 
Samples tested at increased moisture contents . 

5.4 

Average 
Moisture 
Content 

(%) 

16 

13 

15 

15 

13 

13 

15 
13 

19 
18 

16 
15 
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5.5.1.2 Design Criteria 

o Track Support Options: Existing fill soils were encountered 
along the Long Beach Alignment to depths varying up to some nine 
feet, except along the embankment in the northern portion where 
fill soils extend to depths up to about 34 feet. The fill soils 
consist of sand, si l ty sand, and s a ndy s ilt , pr i ma ri ly with 
lesser amounts of clayey sand and clays. Varying amounts of 
debris were encountered. Based on the sampler blow counts and 
the densities of the soils, the fill soils and upper natural 
soils are generally moderately firm to firm. 

To provide uniform support, the upper soils should be excavated 
so as to permit the placement of at least one foot of properly 
compacted subgrade fill beneath the sub-ballast. 

If grading is performed as recommended herein, the track on grade 
may be supported by the conventional system consisting of ties, 
ballast, and sub-ballast established on firm natural soils or 
pr operl y compacted f i ll. 

The track may also be supported on the alternate track support 
system being considered, consisting of concrete ties and rein­
forced concrete leveling course over an asphaltic concrete course 
and a subbase. 

There are other track support options that may be considered, if 
desired, such as in-place compaction of the subgrade soils, use 
of geotextile fabric, soil cement, and others. 

The allowable bearing value of the compacted subgrade soils may 
be assumed to be 20 pounds per square inch. 

o Grading: After completion of excavation to permit placement 
of at least one foot of compacted subgrade fil l beneath sub­
ballast, the exposed soils should be proof-rolled with heavy 
compaction equipment to detect any soft subgrade areas which, i f 
encountered, should be removed. The upper six inches of exposed 
soils should be scarified and then rolled with suitab l e compac­
tion equipment. The upper six inches of exposed soils should be 
compacted t o at least 90% of the maximum density obtainable by 
the ASTM Designation 01557-78 method of compaction. All require d 
fill should be placed in loose lifts not more than eight inches 
in thickness and compacted to at least 90%. 

The on-site soils, except for debris and clay, may be used as 
fill material. All imported fill should consist of relatively 
non-expansive soils with sufficient fines (binder) to be re l a­
tively impermeable when compacted and result i n a stable 
subgrade. The expansion index of the select material should be 
less than 35. 
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5.5.2 Stations 

5.5.2.1 Soil Properties for Static Design 

The soil properties presented in Table 5- 2 are based on the 
moisture content and the dry unit weight of the soils that are 
presented on the boring logs in Appendix A, and the shear test 
results presented in Appendix C. 

Table 5-2 
Summary of Soil Properties for Static Design 

Stations 

Moist Unit 
0 C Weight 

Station (deg.) ~ ~ 

Wardlow 23 400 llO 
Willow 30 250 ll5 
Hi ll 30 350 ll5 
Paci f ic Coast 32 150 115 

Highway 
Anaheim Station 35 500 120 
5th/6th 35 450 120 
1st 28 700 120 

5.5 . 2.2 Design Criteria 

o Foundation Support: Foundation design recommendations are 
presented herein for the seven proposed stations. Structural 
elevations and loads are not available at this time. Accord­
ingly, the recommendations presented herein should be reviewed at 
such time that the structural information becomes available. 

Existing fill deposits were encountered at the proposed station 
sites to depths varying from zero to 9-1/2 feet. Deeper fill 
deposits ITay exist between boring locations. Except at the 
Willow Street and Hill Street sites, the relative compaction of 
fill soils is greater than 90%. The relative compaction at the 
other two sites is less than 85%. 

The upper natural soils consist primarily of sandy silt, silty 
sand, and sand. These soils are moderately dense to dense. 

Except for the Willow Street and Hill Street sites, the proposed 
station structures may be supported on spread footings estab­
lished in either the existing fill soils or natural soils . 
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Footing excavations should be c a refully inspec t ed to verify the 
competency of both the existing fill soils and natural soils. If 
the existing fill soils at the Willow and Hill Street sites are 
excavated and replaced with properly compacted fill, the station 
structures at those two sites may be supported on spr ead footings 
established on properly compacted fill. 

If the grading recommendations discussed are followed and i f 
inspection of the footing excavations is performed as recom­
mended, the spread footings may be designed to impose an allow­
able bearing pressure of 2,000 pounds per square foot. The 
footings should be estab l ished at a depth of at least two feet 
below the lowest adjacent grade. 

The passive resistance 
pounds per cubic foo t . 
used between the bottom 

of the soils may be assumed to be 250 
A coefficient of friction of 0.4 may be 

of the footings and the supporting soils. 

5.5.3 Catenary Sueeort System 

5.5.3.1 Soil Proeerties for Static Design 

Table 5- 3 
Pie r Foundations - Overhead Cont act System 

Average 
Moist Uni t Mo is ture Average (l) 

~ C Weight Content Frict ion 
Borings ~ iE.ill. (pcf ) ( 0i l (psf) 

1000 thru 1002 25 300 115 16 300 

1003 thru 1018 23 400 110 13 450 

1019 thru 1022 25 300 115 15 300 

1023 thru 1032 30 250 115 15 450 

1033 t hru 1044 30 350 115 13 450 

1045 t hru 1058 28 700 120 13 500 

Notes: 

(1) May be used to calculat e downward capacities of dr illed pie r s . 
(2 ) May be used to ca l cul a t e l a teral capacity , if used with an acce ptable 

po l e fo rmula , such as t hat i n the City of Los Angeles Building Code 
or the Uni f or m Bui ld i ng Code . 

5.7 

Passive (2) 
Pressure 

(pc£) 

400 

500 

400 

500 

500 

500 
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5.5.3.2 Design Criteria 

The proposed use of drilled cast-in-place reinforced concrete 
pier foundations to provide support for the overhead contact 
system is considered feasible. No exceptional difficulties are 
anticipated in the installation of such foundations along the 
at-grade portions of the Long Beach Alignment. Some minor caving 
should be anticipated. 

The soil design parameters presented in Table 5-3 may be used in 
the design of the pier foundations. 

5.5.4 Park-and-Ride Areas 

5.5.4.1 Soil Properties for Pavement Design 

California Bearing Ratio tests were performed on selected samples 
to provide data for pavement design. The results are summarized 
in Table 5-4, Summary of CBR Test Results. 

Table 5-4 
Summary of CBR Test Data 

Boring No. CBR 
Station and Depth Soil Type 90%* 95%* 

Wardlow Road 1013 at 5-7' Clayey Silt 3 4 

Wardlow Road 1017 at 0-2' Silty sand 27 48 

Wi llow Street 1030 at 3-5' Sandy Silt 8 18 

* Percent compaction based on ASTM Designation D1557-78 method of 
compaction. 

5.5.4.2 Design Criteria 

5.5.4.2.1 Paving 

o General: To provide support f or paving, the subgrade soils 
should be properl y prepared. Compaction o f the subgrade to at 
least 90%, including trench backfills, will be important for 
paving support. The preparation of the subgrade should be done 
immediately prior to the placement of the base course. Proper 

. drainage of the paved areas should be provided since this wi ll 
reduce moisture infiltration into the subgrade and increase the 
life of the paving . 
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o Subgrade Preparation: Existing fill soils should be excavated 
to a depth of at least one foot below the planned subgrade level 
in areas to be paved with asphaltic paving. After excavating as 
recommended, the exposed soils should be proof- rolled to deter­
mine the presence of any unsuitable deposits, and additional 
excavation performed if necessary to remove all unsuitable 
deposits. Next, the upper six inches of exposed soils should be 
scarified to a depth of six inches and rolled with heavy compac­
tion equipment . The upper six inches of exposed soils should be 
compacted to at least 90% of the maximum density obtainable by 
the ASTM Designation D1557 - 78 method of compaction. 

All required fill should be placed in loose lifts not more than 
eight inches in thickness, and compacted to at least 90%. The 
moisture content of the soils at the time of compaction should 
vary no more than 2% above or below optimum moisture content. 

The on- site soils, less any debris or organic matter within the 
existing fill deposits, may be used in required fills. Any re ­
quired imported fill material should consist of relatively non­
expansive soils. The expansion index of the import material 
should be less than 35. The material should contain sufficient 
fines (binder material ) so as to result in a stable subgrade. 
Imported fill material to be used beneath asphaltic paving should 
have a CBR value of at least 15 when compacted to 90%. 

The excavation and reworking of the upper soils and the com­
paction of all required fill should be observed and tested by a 
competent geotechnical firm . Any required imported fill material 
should be approved for use prior to importing. 

o Asphal tic Paving: To provide data for design of asphal tic 
paving, California Bearing Ratio tests were performed on samples 
of the upper soils . The results of the CBR tests are presented 
on Table 5- 4. 

The required paving thickness and base thickness will depend on 
the anticipated wheel loads and volume of traffic (Traffic 
Index) . Assumed Traffic Indexes and the corresponding paving 
sections are presented in Table 5- 5 , Recommended Paving Sections . 
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Station 

Wardlow Road 

Willow Street 

Table 5-5 
Recommended Paving Sections 

Thickness 
Traffic Asphaltic 

Index Concrete 

5 3 
6 4 
7 5 

5 4 
6 3 
7 3 

(In.) 
Base 

Course 

6 
8 
9 

0 
5 
7 

Careful inspection is recommended to verify that the recommended 
thicknesses or greater are achieved and that proper construction 
procedures are used. 

o Base Course: The base course should meet the specifications 
for Class 2 Aggregate Base as defined in Section 26 of the State 
of California, Department of Transportation, Standard Specifica­
tions, dated January, 1981. The base course should be compacted 
to at least 95%. 

5.5.5 Pedestrian Tunnel 

The proposed tunnel box section may be supported at grade on firm 
natural soils or properly compacted fill. The allowable bearing 
value of the foundation soils may be assumed as 2,000 pounds per 
square foot. 

Lateral loads may be resisted by soil friction and by the passive 
resistance of the soils. A coefficient of friction of 0.4 may be 
used between the bottom of the box section and the supporting 
soils. The passive resistance of the natural soils or properly 
compacted backfil l may be assumed to be equal to the pressure 
developed by a fluid with a density of 250 pounds per cubic foot. 
A one - third increase in the passive value may be used for wind or 
seismic loads. The frictional resistance and passive resistance 
of the soils may be combined without reduction in determining the 
total lateral resistance. 

It is recommended that the tunnel sidewalls be designed for a 
trapezoidal distribution of earth pressure. The recommended 
pressure distribution for the case where the retained surface is 
level, is illustrated on the following page, with the maximum 
pressure equal to 22H . 
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0.2H 

H: HEIGHT OF 
SIDEWALL (FT.) 

~t 
0 .6 H 

i-------------1 --i 
I 0.2H 

i 

In addition to the recommended earth pressure, the surcharge 
pressures due to rail traffic should be considered. 

5.5.6 Widening of Existing Railroad Embankment 

The sections at Stations 851+00, 852+00, and 853+00 indicate that 
the proposed widening will require sliver fills along both sides 
of the existing embankment. 

The width of the sliver fills varies 
feet. The toe of the sliver fills 
zontal to vertical ) slope along the 
beyond the right-of-way. Sufficient 
the west side of the embankment. 
required if permission to extend 
right-of-way limits is not possible. 

from zero to less than five 
constructed at a 2: 1 (hori­
east embankment will extend 
space appears to exist along 

Retaining walls will be 
the embankment beyond the 

The construction of the narrow fills will require benching into 
the existing embankment as the fill progresses upwards. The 
purpose of the benching is to adequately anchor the sliver fills 
to the existing embankment and minimize future failure of the 
fill. The width of the benching should be sufficient to utilize 
conventionally-sized equipment . 
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Because of di f f i culties in obtaining well cons t ructed narrow 
fills, the construction of the fills at a slope steeper than 2:1 
is not desirable. 

Since there appears to be more space to construct the fills along 
the west slope of the embankment, it is suggested that considera­
tion be given to possib l e adjustment of the alignment such that 
the widening be performed only along the west slope . 
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SECTION 6.0: 
BIXBY CROSSING 

6.1 PROPOSED CONSTRUCTION 

A new strur.ture is planned over the Bixby Slough . 
four alternatives are currently being considered . 

1 . Steel Stringer Bridge 
2. Concre te Bridge 
3. ARMCO Multi Plate Cu l verts 
4. Timber Tr estle 

6.2 SI TE CONDI TI ONS 

The following 

The existing bridge across Bixby slough is of timber con s truction 
and is in poor condit i on . The embankment to the north and south 
of hP. bridge is about 10 feet in height . There are a number of 
existing ut~lity lines beneath the existing bridge . Water was not 
evident within the slough area during the time of the field 
explorations . However , ponded water may occur during the rainy 
s eason . There is no a pparent posi t ive discharge of ponde d water 
from this area , and t here are no plans to prov ide drainage in the 
near future. 

6.3 FI ELD EXPLORATIONS AND LABORATORY TESTS 

6. 3 . 1 Borings 

~wo borings (1004 and 1005) were d r illed at the two abutments to 
determine the subsurface conditions at the location of the pro­
posed crossing . The borings were dri lled to depths of 30 and 
60 - 1/2 feet. No borings were drilled within the slough area . 

6.3. 2 Pie zometer I nsta l lation 

A two-inch- diameter per fora Led PVC pipe was installed and back­
filled with gravel for use as a piezomete~ to monitor the gro ·nd 
water level at Boring 1005 . Detailed descriptions of the 
piezometer installations and observed water levels are presented 
i n Appendix A . 
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6.3.3 Geophysical Measurements 

A downhole seismic survey was performed in the piezometer instal­
lation to determine the variation of compressional and shear wave 
velocities with depth of the underlying soils. 

6.3.4 Laboratory Testing 

Each soil sample was first visually observed in the laboratory to 
verify the sample description and classification assigned by the 
field personnel. A laboratory test program was then developed 
that would provide the soil parameters required in performing 
v arious eng i neering analyses. The testing program was submitted 
to SCRC for review prior to commencement of testing. The various 
tests performed include the following: 

o Moisture /Density 
o Direct Shear 
o Consolidation 

The test procedures and results a re presented in Appendix C. The 
field moisture content and dry density of the undisturbed soil 
samples are shown to the left of the boring logs presented in 
Appendix A. 

6.4 SUBSURFACE CONDITIONS 

6.4.1 Geologic Materials 

The geologic materials at the s i te are identified as Pleistocene 
t e rrace de posits. 

6.4.2 So il Conditions 

The two bor ings were drilled at the two abutments areas on top of 
the existing embankments. Ballast, 1-1 / 2 feet in thickness, was 
encountered in one boring. Fill was encountered in one boring to 
a depth o f 3 feet. The upper natural soils c onsist of silt, s ilty 
sand, and clayey s a nd; under la i n by sand .:.i.nd c l.:.i. y . The uppe r 
natural soils are moderately firm to f irm. The soils become mor e 
firm with depth. 

Since exploration borings were not drilled within the slough area , 
the soil c onditions t he rein are not known . 
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6.4.3 Ground Water 

The ground water levels were observed in Boring 1005 at depths of 
47.6 and 48.7 feet on 11/1/85 and 11/26/85, respectively. It 
should be anticipated that these water levels will fluctuate. 

6.5 SEISMICITY 

The seismicity described in Section 4. 5. 3 is applicable to the 
site. 

6.6 ENGINEERING EVALUATION AND DESIGN CRITERIA 

6.6.1 Soil Properties for Static Design 

The soil properties presented in Table 6-1 are based on the mois­
ture content and the dry unit weight of the soils that are pre­
sented on the boring logs in Appendix A, and the shear test re­
sults presented in Appendix C. 

Table 6- 1 
Summary of Soil Prope r t i es for Static Design 

(Abutment Areas) 

0 
(deg.) 

33 

6.6.2 Des i gn Criteria 

6.6.2.1 Foundations 

300 

Moist Unit 
Weight 
(pcf) 

125 

If the alternative o f using multi plate culverts is seriously 
considered, the feasibility of using spread footing foundations, 
as indicated on the conceptual drawings, will need to be evalu­
ated. The locations of the proposed footings relative to the 
existing utility lines and the surcharge effects on those lines 
should be evaluated. The use of driven friction piling should 
a lso be considered for support of the culverts. Additional 
explorations within the slough area will be necessary to evaluate 
the soil feasibility of both types of foundations. The use of 
culverts as i ndicated may possibly impact access to the utility 
lines should maintenance and repairs be necessary . 
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To provide support for the three proposed bridge and trestle 
alternatives, we recommend the use of piling. Because of the 
anticipated fluctuation of water levels within the slough area and 
the possibility of constructing intermediate supports within the 
slough area, the use of driven friction piling is recommended. 
Details for the driven piling are presented below. If the trestle 
alternative is selected, the locations of the three proposed bents 
relative to the existing utility lines and the impact on those 
lines should be carefully evaluated. Additional borings within 
the slough area will be required to determine allowable capacities 
of any piling planned therein. 

o Driven Piling: The downward and upward capacities of 12- and 
14 - inch-square precast ~oncrete piles are presented on Figure 6-1, 
Driven Pile Capacities. Dead plus live load capacities are shown; 
a one-third increase may be used when considering wind or seismic 
loads. Piles in groups should be spaced at least 2-1/2 diameters 
on centers, but in no event less than three feet on centers . If 
the piles are so spaced, there wi l l be no reduction in the down­
ward capacity of the p" les due to group action. The capacities 
are based on the strength of the soils; the compressive and 
tensile strength of the pile section itself shou ld be checked to 
verify the structural capacity of the piles . T~e above capacities 
are applicable only to piles located at the abutment areas; addi­
tiona l explorat ions within the slough area will be required to 
obtain soil values for development of capacities of piles that may 
be required for intermediate support within the slough area. 

Lateral loads may be resisted by the piles. It may be assumed 
that the soils adjacen t to a 12-inch- square concrete ?ile at least 
20 feet long can safely resist horizontal loads imposed at the top 
of the pile up to 9,000 pounds . The lateral resistance of other 
sizes of piles may be assumed to be proportional to the width. In 
calculating the maximum bending ~oment in a pile, the lateral load 
imposed at the top of the pi le may be multiplied by an assumed 
moment arm of 4-1 / 2 feet. For design, it may be assumed that the 
maximum bending moment will occur at or near the top of the pile 
and that the bending moment will decrease to zero at a depth of 20 
feet below the pile cap . The lateral capacity and reduction in 
the bending moment are based in part on the assumption that any 
required backfill adjacent to the pile caps and grade beams will 
be properly compacted. 

All piles should be driven to the predetermined design lengths as 
shown on Figure 6-1, except as may be modified on the basis of the 

·oriving criteria defined on Figure 6-2, Pile Driving Criteria . 
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6.6.2.2 Seismic Design Data 

o Cal trans Bridge Criteria: The following seismic design data 
are presented for use with the latest State of California, Depart­
ment of Transportation Seismic Bridge Design Criteria, dated May 
1982. The seismic criteria are based on the consideration of the 
following factors: . the distance of the site to active faults, the 
occurrence of a maximum credible earthquake, the seismic response 
of the soils at the site, and the dynamic response characteristics 
of the bridge structure. The combined effects of these factors 
result in elastic response spectra for a maximum credible earth­
quake. The selection of the appropriate spectra requires geotech­
nical input consisting of the peak expected acceleration of the 
bedrock or "rock-like" material at the site and the depth of the 
overlying a l luvium. These geotechnical input data, together with 
the input data required of the structural engineer, are used to 
determine the earthquake design force. 

The peak "rock" 
maximum credible 
Newport-Inglewood 
aerial structure 
Acceleration. 

acceleration is postulated as a result 
earthquake having a magnitude 6.5 on 

Fau:.t. The peak "rock" acceleration at 
site is presented in Table 6-2, Peak 

Table 6-2 
Peak Rock ~cceleration 

Distance to 
Newport-Inglewood 

Fault 
Peak Rock 

Acceleration 
(c;' s) (miles) 

<l 0.68 

of a 
the 
the 

Rock 

The depth to bedrock or "rock-like" material having a shear wave 
velocity of 2,500 feet per second may be assumed as being greater 
than 150 feet. 

o Characteristic Site Period: The evaluation of the character­
istic site period, Ts, is necessary to determine the coefficient 
of site-structure resonance, S, in accordance with Section of the 
2312 of the 1982 edition of the Uniform Building Code. The 
characteristic period of the site was evaluated following the 
procedures suggested in SEAOC Standard No. 1, Recommended Lateral 
Force Requirements and Commentary, Seismology Committee, 
Structural Engineers Association of California, 1980 . 
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The characteristic period of the aerial structure site, Ts, was 
determined as 0.8 to 1 second. The value nearest to the period of 
the structure should be used in determining the site-structure 
resonance coefficient, S . 
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• DOWNWARD PILE CAPACITY i n Kips 

0 50 100 150 250 
0-------,------...-----,_.,.-----.,...------, 

14"-Square Prestressed Concrete Pile 

12"-Square Prestressed 
Concrete Pile 

25 50 75 100 125 

NOTES: 

(1) 

UPWARD PILE CAPACITY in Kip s 

The indicated values re f er t o tte total of dead plus 
live loads; a one-third increase may be used when 
cnnsiderinB wind or seismic loa~s . 

(2) Piles i n groups shoul d be s paced a minimum o= 3 feet , 
on cente r s . 

(3) The indicated values a r e based on the st rength of the 
soils; the a ctual pile capacities may be limited t o 
lesser values by the st rength of t he piles . 

DRIVEN PILE CAPACITIES 

( ABUTMENT AREAS 

LeROY CRANDALL ANO ASSOCIATES 

FIGURE 6-1 
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(f oo t - pounds/blow) 

50 

0 
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Drivi11g Rt'c;ic;Ldtt<.:t> in Bl ows/ Foot 

NOTES: 

1) The above driving resistance should be obtained for the l ast foot of 
driving at design pile length. lf the driving res istance Gt the design 
length is les s than abov e, the piles should be lengthened until che 
desired d riving re sistance is obtained. 

2) As an alternate to lengthening when low driving resistance is 
obtained, the piles may be allowed to set overnight and the number of 
blows to drive the pi l e one inch the followin g day should be 
determined. If the res ta rting resistance is at l east two times che 
above criteria, the pile may be considered satisfactory . 

3) If driving resistance of three times the above criteri~ is ~ncount e~ed 
withi n five feet of design l eng t h, the pile dri v ing ma y be s t opp~d. 

P IL E DRIVING C R I T E R IA 

LeROY CRA N DALL AND ASSOCI AT ES 

FIGURE 6-2 
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APPENDIX A: 
FIELD EXPLORATION PROGRAM 

A.1 SUMMARY 

Field explorations consisted of subsurface drilling, sampling, 
and testing, piezometer installation and ground water monitoring, 
and geophysical testing. A total of 60 exploration borings were 
drilled to depths ranging from 10 to 61 feet, for a tota l of 
1,529 lineal feet of drilling. A tabulation of the borings is 
presented in Section 3. 0 of the report; the locations of the 
exploration borings are shown on Figures 2-3 through 2-21 . 
Included in this Appendix are the following : 

o Boring Logs 
o Unified Soil Classification System 
o Key to Boring Logs 
o Piezometer Installations and Ground Water Monitoring Data 

A.2 METHOD OF DRILLING 

The borings were drilled usi~g rotary wash and bucket auger 
drilling equipment . 

The rotary wash borings were drilled by C & L Drilling who 
utilized a Mahew 1000 drilling rig operated by a two-man crew. 
The borings were 5 inches in diameter . Drilling mud was used in 
the drilling process. The mud was removed following completion 
of the drilling to permit measu~ement of the water level. 

Most of the bucket auger borings were drilled by C & L Drilling 
Company using a bucket-type rig operated by a two-man crew. The 
bucket borings were 18, 20, and 24 inches in diameter . A few 
auger borings were drilled by August Construction, who utilized a 
smaller bucket- type rig operated by a two-man crew. Raveli ng 
and/or caving o ccurred in some of the bucket borings as indicted 
on the boring logs . Casing or drilling mud was not used to 
e xtend these borings to the depths drilled. 

Eac h of the borings was backfilled upon completion of dri lling , 
except for those borings in which piezometers were installed . 
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A.3 LOGGING AND SAMPLING 

The following personnel from LeRoy Crandall and Associates (LC&A) 
and Geotechnical Consultants Inc. (GCI) participated in the field 
exploration program: 

Robert Chieruzzi 
Marshall Lew 
Glenn A. Brown 
Do G. Mar 
Mervin Johnson 
Wilford Stelts 
Gary Cito 
Theodore Powers 
James Thurber 
Tim Clarke 
Lowell Stelts 

Project Manager, LC&A 
Assistant Project Manager, LC&A 
Director of Geological Services, LC&A 
Project Engineer, LC&A 
Principal Engineering Geologist, LC&A 
Field Exploration Manager, LC&A 
Field Exploration Supervisor, LC&A 
Field Geologist, GCI 
Field Geologist, GCI 
Field Technician, LC&A 
Field Technician, LC&A 

The borings were logged continuously during the drilling. 
Undisturbed samples were obtained with the Crandall sampler at 
depth intervals of about five feet and at major changes in soil 
stratigraphy. The Crandall sampler is a 3.188 inch outside 
diameter, brass ring lined tube, that is driven with the kelly 
bar. The inside diameter of the brass rings is 2.625 inches. 
Bulk samples of the upper soils were obtained to permit the 
performance of laboratory compaction tests. Standard penetration 
tests were performed in the rotary wash borings at depth inter­
vals of approximately ten feet . 

The logs of the borings are presented on Figures A-1 through 
A-60~ the depths at which undisturbed samples were obtained are 
indicted to the left of the boring logs. The results of the 
standard penetration tests (N values) are also presented in the 
logs. 

The energy required to drive the LC&A sampler twelve inches is 
indicated on the l ogs . The energy is determined based on the 
following relationship: 

E = 
WBS p , where: W = Driving Weight= 450 lbs to 1,600 lbs 

B = No. Blows of Driving Weight 
S = Stroke of Driving Weight= 1 to 2 ft. 
P = Penetration of LC&A Sampler= 1 ft. 

The soils are classified in accordance with the Unified Soil 
Classification System described on Figure A-61. An explanation 
of the information presented on the boring logs is presented on 
Figure A-62, Key to Log o f Borings. 
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A.4 PIEZOMETER INSTALLATION 

After the completion of drilling Borings 1005, 1011, 1016, 1027, 
1037 , 1043 , 1048, and 1057, a 2- inch-diameter PVC pipe was 
installed in each boring for future monitoring of the ground 
water level. 

The annulus between the pipe and boring walls was filled with 
sand . The pipe was perforated along different depth increments. 
Each piezometer was developed by air - lifting. A summary of the 
piezometer installations and ground water monitoring data is 
presented in Table A- 1 . Water levels are also presented on the 
borings logs. 

Table A- 1 
Summary of Piezometer Installations and 

Ground Water Monitoring Data 

Depth of 
Boring Pipe Date Water DeEth (Ft.) 
Number (Ft.) Installed 11/1/85 11/26/85 12/9/85 

1005 60 10/2 3/85 47 . 6 48.7 
1011 60 10/22/85 NW 
1016 60 10/15/85 54.0 
1027 60 10/15/85 29.3 29.3 
1037 60 11/12/85 31. 4 
1043 60 11/13/85 35.7 
1048 60 11/14 / 85 41. 0 
1057 60 11/15/85 40.0 

NW No water encountered. 
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BORING 1000 
DATE DRILLED '. October 31, 1985 

EQUIPMENT USED: 24"-Diameter Bucke t 

8 . 1 102 * 

18 . 8 111 * 

15 . 0 105 * 

ML 
18 . 5 115 * 

14 . 8 120 * 

15 . 2 104 * 

20 +-------4---+-----1~--l---f 

9 . 8 107 

25 +-----+--2-8-. -1+--9-7+--,-,+-~ ,I 

30 -+-----+-----1----11--- l--.,.,1 
16 .9 * 

35 -+---~ - --+---+---+-----4•' · ···. ' SP 
:~:-: .·: · ... \ .. ,• ;· 

NOTE: 

40 ...__ _ _,_ _ __,__--''---'--~ 

54 
FILL - SILTY SAND - fine , light greyish­

br own 

Sandier 

FILL - SILTY SAND, SAND,and SI LT - greyish-· 
br own 

FILL - SA DY SILT - grey 

(E COUNTERED CO CRETE OBSTRUCTION BORI G 
MOVED 10' SOUTH) 

Some gr avel 

FILL - SAD - fine, grey 

8" cobb es, few roots 
FILL - CLAYEY SILT - fe w roots , grey 

FILL - SILTY CLAY - gre y 

FILL - SA DY SILT - grey 

Some debri s 

FILL - SILTY SA D - fine , light brown 

Some debris 
SAND - f ine, light brown 

Water no t encountered . No caving . 

*Driving weight i hydraulically dropped . 
Accurate drive energy can not be computed . 

LOG OF BORING 

LeROY CRANDALL ANO ASSOCIATES 

FIGURE A- l 
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BORING 1001 
October 30, 1985 

EQUIPMENT USED: 24"-Diameter Bucket 

32 
FILL - SILTY SAND - fine, light greyish­

brown 
FILL - CLAYEY SILT - greyish-brown 

Lenses of Silty Sand 

Sandier 

FILL - SILTY SAND - fine , greyish-brown 

FILL - CLAYEY SILT - greyish-brown 

Layer of well graded Sa nd, some gravel , 
pieces of aspha l t 

Pieces cf bone and concrete 
Some Sand, mottled greyish-brown 
(ENCOUNTERED LARGE PIPE, BORING TERMINATED 
AND MOVED 20' SOUTH, SEE BORING 1001-A). 

NOTE: Water not encoun t ered. No caving. 

*Driving weight is hyd raulically dropped. 
Accurate dri~e energy can not be computed. 

LOG OF BOR I NG 

LeROY CRANDALL AND ASSOCIATES 

FIGURE A-2 
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15.8 115 * 
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BORING 1001-A 
October 31, 1985 

EQUIPMENT USED: 24"-Diameter Bucket 

52 

FILL - SILTY SAND - fine, mot tled grey 

FILL - SA~DY SILT - some Clay, mottled grey 

FILL - SILTY SAND - fine, grey 

Layer of Clayey Silt 
Layer of gravel, pieces of asphalt 

FILL - SANDY SILT - mottled grey i sh-brown 

SM SILTY SAND - f ine, l ight grey ish-brown 

SAND - f i ne , light brown 

NOTE : Water no t encountered . Caving be l ow 26' 
(to 2½' in diame ter ). 

*Driving weight is hydra ulica lly dropped. 
Accura t e drive energy ca n not be computed. 

LOG OF BORING 
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BORING 1002 
October 30, 1985 

24"-Diameter Bucket 

ION 47 

311 Railroad Gravel 
FILL - SA:'l'DY SILT traces of organic 

matter, brown 

Few roots 

SANDY SILT - few root s , brown 

CLAYEY SILT - greyish-brown 

SANDY SILT - traces of shell fragments, 
grey 

SILTY SAND - fine , greyish-brown 

CLAYEY SILT - greyish-brown 

Some Sand 

SILTY SAND - fine , l ight greyish-brown 

NOTE: Water not encountered. No caving. 

*Driving weigh t is hydraul ically dropped. 
Accurate dr ive energy can not be computed. 
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DATE DRILLED : 

EQUIPMENT USED: 

BORING 1003 
October 21, 1985 

20"-Diameter Bucket 

12" Ra 'lroad Gravel 

FILL - SILTY GRAVEL - Sand and Silt matrix, 
some cobbles (to 10" in size), brown 

CLAYEY SAND - fine, brown 

SILTY SAD - fine , light brown 

Siltier 

NOTE : Water not encountered . Caving f rom 15' to 
19' (to 2' in diameter) . 
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LeROY CRANDALL ANO ASSOCIATES 

FIGURE A-5 





BORING 1004 
DATE DRILLED : October 21, 1985 

EQUIPMENT USED: 20"-Diameter Bucket 

ELEVATION 49 
18" Rail road Gr avel - some Sand and Silt 
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BORING 1005 
Oc t ober 22 & 23 , 1985 

EQUIPMENT USED: 5"- Diameter Ro ta r y Wash 

FILL - SAND - coa r s e, large amount of gravel 
and cobb les , brown 

SILTY SAND - f ine, some Clay , brown 

CLAY EY SAND - fin e , br own 

SILTY SAND - fin e, gr eyish-brown 

(CONTINUED DN FOLLOWING PLATE) 
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BORINGl005 (CONTINUED) 
October 22 & 23, 1985 

QUIPMENT USED: 5"-Diameter Ro t ary Wash 

Very Sandy 

Thin lens of Clayey Silt 
' . 

' 
: ' 
' 
' I 

ML SANDY SILT - grey 

SM SILTY SAND - fine , grey 

ML CLAYEY SILT - grey 

CL SILTY CLAY - grey 

NOTE : Drilling mud used in drill ing process. Mud 
removed . Installed 60' of 2"-diameter PVC 
pipe (perforated at 30' to 40' and 50' to 
60') . Wate r level measured at 47.6' on 
11/1/85 and at 48. 7' on 11 /26/85. 
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BORING 1006 
DAT£ DRILLED: October 21, 1985 

EQUIPMENT USED: 20"-Diameter Bucket 

SM 

ATION 55 

FILL - SILTY GRAVEL - Sand and Si l t matrix, 
brown 

SANDY SILT - some Clay, brown 

SILTY SAND - f ine, b rown 

Sandier, light brown 
5.4 97 10 15 +---+...;:_-+--'---+---'-t---'~. 

4 .2 113 24 ··.'.<_ .:: SP 20 ...._ _ ___.___ __ .._ _ __..__~___.---- SAND - fine t o medium, l ight brown 

NOTE: Wa ter not encountered. Light r aveling from 
15' to 20 1 ( t o 2 ' in diameter). 
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DATE DRILLED: 

EQUIPMENT USED: 

BORING 1007 
October 21, 1985 

20"-Diameter Bucket 

ATION 57 
FILL - SAND - well gr a<led, abuut 

light brown 
CLAYEY SILT - some Sand, brown 

ML SANDY SILT - some Clay, brown 

20% gravt:!l, 

15.4 117 6 20~----'-----'---...,__ _ __,_ _ _._ __ 

NOTE: Water not encountered . No caving. 
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BORING 1008 
October 18, 1985 

EQUIPMENT USED: 20"-Diameter Bucket 

FILL - SAND and SILT - flue, some gn;1.vel, 

brown 
SILTY SAND - fine, brown 

Light brown 

Sandier 

Layer of Silt 

Light brown and grey 

12.6 11 5 22 20--'-----'----'---'-----'---'-...... ._---' 

NOTE: Water not encountered. Caving from 8' to 
9' o.nd 15' Lo 19' (to 2!.-:i' in diameter). 
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BORING 1009 
Oc t ober 18, 1985 

EQUIPMENT USED: 20"-Di ameter Bucket 

FILL - GRAVJ::LLY SAND - s ome cobbles , 
deb r is , br own 

SAND - fine t o med ium, l ight brown 

CLAYEY SILT - greyish-brown 

SM SILTY SAND - f ine, grey 

Ligh t grey 

some 

NOTE : Water no t encounte red. Slight r av el ing 
from 1 7 ' LO 19' . 
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BOR I NG 1010 
DATE DRILLED : October 18, 1985 

EQUIPMENT USED: 20"-Diameter Bucket 

FILL - GRAVELLY SAND - brown 

SILTY SAND - fine, light brown 

Layer of Cl ayey Sil t 

Greyish- brown 

SP SAND - fine, l ight brown 

SM SlLTY SAfW - fine, grey 

ML CLAYEY SILT - light grey 

SM SILTY SAND - fine, grey 

OTE: Water no t encoun t ered. No caving. 

OF BORING 
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BORING 1011 
October 22, 1985 

5"-Diameter Rotary Wash 

SILTY SAND - fine, brown 

Sandier, light brown 

SAND - f ine, light brown 

Large amount of shell fragments 

SANDY SILT - some shell fragments, greyish­
brown 

Some Clay 

SILTY SAND - f ine, grey 

CLAY EY SILT - greyi sh-brown 

Some Sand 

SILTY SAND - fine, br ownish-grey 

Len s of Clayey Sil t 
Li ght brown 

(CO TINUED ON FOLLOWING PLATE) 
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BORING 1011 ( CONTINUED) 
October 22, 1985 

OUIPMENT usEO: 511-Diameter Rotary Wash 

_.r.. ' -.• : 

.:' •\~ 
SP SAND - fine to medium, light brown 

.·, ,,. . . . ' ... ' .. T; ... , -.;: 
, ..... . . .. Medium to coars e :\ ,~ ... ... 
"' \ , /.I: , .. 
•,' I j'./, • 

Ml SANDY SILT - some Clay, brown 

; SM SILTY SAND - fine to !nedium, brown 

· ... ~ ... : :· SP SAND - fine to medium, grey ,; y 
,., ... 

',· ~' ,: .. . c. • ,,,,·:· , ..... ,, 
• •• I 

SI LTY SAND - f ine to :nedium, brown 

NOTE : Drilling mud used in drilling process. Mud 
r emoved . Ins talled 60 ' of 2"-diameter PVC 
pipe (perfora ted at 30 ' t o 40' and SO' to 
60 ' ) . Water not measured in pipe to a depth 
of 60 ' on 11/1/85. 
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BORING 1012 
DATE DRILLED: October 21, 1985 

• EOUtPMENT USED: 20"-Diameter Bucket 
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i u; 
45 cobbles (to 4" in size), brown 
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BORING 1013 
DATE DRILLED : October 18, 1985 

EQUIPMENT USED: 20"-Diameter Bucket 

53 
CLAYEY SAND - fine, brown 

SILTY SAD - fine , light brown 

ML CLAYEY SILT - grey 

SM SILTY SAND - fi ne, very Sandy, light grey 

NOTE : Wat~r not encountered . Caving f rom 8' to 
9' (to 2 ' in diameter). 
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BORING 1014 
DATE DRI LLED: October 18, 1985 

EQUIPMENT USED: 20"-Diameter Bucket 

50 
• SM SILTY SAND - tine, gr ey 

ML SANDY SILT - light brown Rnd white 

SM SILTY SAND - fine, grey 

NOTE: Water not encountered . Caving £rum 4' to 
6' (to 2½' in diameter) . 
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BORING 1015 
DATE DRILLED: October 1 7, 1985 

EQUIPMENT USED: 20"-Diameter Bucket 

.. ,. ~: · SP 

18" Railroad Gravel - S OUit:! Sand and Silt 

FILL - SILTY SAND - fine to medium, da rk 
brown 

CLAYEY SAND - f ine, brown 

SILTY SAND - fine, greyi s h-brown 

SAND - f ine a nd medium, l ight grey :.y: 
20 _____ 4_. _4 _ 1_0_4 ___ 14--+-- : : : 

··, ·, . 
• •I ,I 

SM SILTY SAND f ine, l i ght grey 

25+---F2~4~-~8-+---'1~0=2'--+-__ 6:::..+----"I ML SANDY SI LT - grey 

SILTY SAND - f ine, grey 

NOTE: Wa ter not encountered. No caving. 
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BORING 1016 
October 15 , 1985 

EQUIPMENT USED: 5"-Diameter Rotar y Wash 

ELEVATION 41 
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BORING 10 16 ( CONTINUED) 
October 15, 1985 

OUIPMENT USED: 5"-Diameter Rotary Wash 

SILTY SAND - fine , greyish- brown 

CL SILTY CLAY - greyish-brown 

SP SAND - fine , grey 

NOTE : Drilling mud used in drill ing process . Mud 
removeu. Installed 60 ' of 2"-diameter PVC 
pipe (perf orated at 30' to 40 ' and SO ' to 
60 ' ). Water level mea sured at 54' on 
11/1/85 . 
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BORING 1017 
DATE DRILLED : October 18, 1985 

EQUIPMENT USED: 20"-Diameter Bucke t 

ELEVATION 40 

SM SILTY SAND - fine and medium, dark brown 

ML SANDY SILT - mottled brown 
SM SILTY SAND - fine , light grey 

SP SAND - fi ne to medium , some she l l fragment s , 
brown 

OTE : Water not encounte r ed. Cav i ng from 8' to 
9 ' (to 2' in di ameter) . 
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DATE DRILLED: 

BORING 1018 
October 18 , 1985 

EQUIPMENT USED: 20"- Diameter Bucket 

CLAYEY SAND - fine, b r own 

SANDY SILT - brown 

ML CLAYEY SILT - brown 

ML SANDY SILT - grey 

NOTE : Wat er no t encountered . No cav ing . 
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BORING 1019 
October 17, 1985 

EQUIPMENT USED: 20"-Diameter Bucket 

35 
18" Railroau Gravel - ;; ome Saud d.nd Silt 

FILL - SILTY SAND - fine , some Clayey Sa nd, 
brown 

FILL - CLAYEY SILT - mottled brown 
FILL - SANDY SILT - brown 

CLAYEY SAND - fine, brown 

Layer of Silty Sa nd 

SANDY CLAY - some Silt , brown 

NOTE: Water not encountered. No caving . 

LOG OF BORING 
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BORING 1020 
DATE DRILLED : Oc tober 17 , 1985 

EQUIPMENT USED: 20"- Di ameter Bucket 

28 

18'' Ra ilroad Grave l - some Sa nd and Si l t 

FILL - CLAYEY SAND - f ine t o medium , brown 

FILL - SANDY SILT - brown 

SM SILTY SAND - fine , l ight br own 

SP SAND - fine and medi um, ligh t br own 

ML SANDY SI LT - some Cl ay, gr ey 

SI LTY CLAY - grey 

NOTE: Wa t e r not encountered . No caving . 
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FIGURE A- 22 





• 

OM 

LU 
0 

• 

6. 8 106 5 

8. 0 105 3 

5 -r-----t---1----+---+-

12.8 111 · J 

12. 7 121 3 

l S-+---+--18_.~5'-+-_1_1~3-+--_,;5 __ 

NOTt.:: 

22 

BORING 1021 
October 17, 1985 

20"-Diameter Bucket 

6' Railrond Gravel - some Sand a nd Silt 
FILL - SILTY SAND - fine to medium, brown 

FILL - CLAYEY SAND - fine, brown 

SILTY CLAY - dark grey 

SANDY SILT - some Clay, greyish-brown 

Water not encountered. No caving . 
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LeROY CRANDALL AND ASSOCIATES 

FIGURE A-23 
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BORING 1022 
DATE DRILLED: October 1 7, 1985 

EQUIPMENT USED: • 20"- Diameter Bucket 

21 
- SANDY SILT - some cobbles and 

boulders (to 14" in size), light mottled 
brown 

Few cobbles 

SANDY SILT - mottled brown 

Some Clay 

SILTY CLAY - traces of roots, grey 

15 ~-....._ _ __,_ __ ..._ _ __._ ____ _ 

NOTE: Wa ter not encountered. No caving. 
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FIGURE A-24 
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BORING 1023 
DATE DRILLED: October 15, 1985 

EQUIPMENT USED: 20"-Diameter Bucket 

ML 

21 
FILL - SAND and SILT - s omt:! gravel, light 

brown 
CLAYEY SAND - f ine to medium, brown 

SANDY SILT - brown 

CLAYEY SILT - brown 

NOTE: Water not encountered. No caving . 
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BORING 1024 
DATE DRILL ED : October 14, 1985 

24"-Diameter Bucket 

20 
Layer of Cobbles 
FILL - SILTY SAND - fi~e , few gravel, some 

Clay, brown 

SILTY SAND - fine , light grey 

SANDY SILT - gr eyish-brown 

SILTY SAND fine, greyish-brown 

CLAYEY SILT - brownish-grey 

NOTE: Water not encountered. No caving . 
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FIGlRE A- 26 
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BORING 1025 
October 14, 1985 

EQUIPMENT USED: 20"-Diameter Bucket 

ML 

20 

FILL - SILTY SAND - fine , brown 

SILTY SAND - fine, brown 

CLAYEY SAND - fine and medium, brown 

SILTY SAND - fine, ligh t brown 

CLAYEY SILT - light greyish-brown 
l 5,_.__ _ __.__2_8_. 3__,______;_9_8__.___8__.__ __ ....... __ 

NOTE : Wa ter not encountered . No caving . 

LOG OF BORING 

LeROY CRANDALL ANO ASSOCIATES 

FIGURE A-27 
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BORING 1026 
October 14 , 1985 

EQUIPMENT USED: 20"-Diame ter Bucke t 

SM 

NOTE : 

FILL - SANDY SILT - dark mo t tled brown 

Wood fragments , pe t roleum odor 

(ENCOUNTERED CERAMIC PIPE , BORI G ~OVED 10 ' 
NORTH AND 2 ' WEST) 

FILL - CLAYEY SILT - brown 
FILL - SILTY CLAY - some wood f r agments, 

bluish- grey 

SILTY SAND - fine , blui sh-grey 

SAND - fine , greyish- br own 

SILTY SAD - fine, bluish- grey 

Grey 

SAD - fine, grey 

Wa ter s eepa ge encountered at 23 ' to 25 '. 
2" of wa ter a t bottom of hole at completion 
of drilling . o c aving. 
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BORING 1027 
October 15, 1985 

S" - Diameter Rotary Wash 

FILL - SAD and SILT - few gravel, brown 

SA DY SILT - brown 

SAND - fine , light brown 

Grey 

Few shell s 

SILTY CLAY - greyish-brown 

SAND - f ine, grey 

(CONTINUED ON FOLLOWING PLATE) 

LOG OF BORING 

LeROY CRANDALL AND ASSOCIATES 
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BORING 1O27(CONTINUE0) 
October 15. 1985 

EQUIPMENT USED: 5"-Diameter Rotary Wash 

SANDY CLAY - bluish- grey 

Brown 

Bluish-grey 

SP SAND - fine, bluish-grey 

CL SILTY CLAY - greyish- brown 

Layer of Sand 

NOTE : Drilling oud used in drilling process . Mud 
r emoved. I ns t alled 60' of 2"-diameter PVC 
pipe (perforated at 30' to 40' and 50' to 
60') . Wate r level measured a t 29. 3' on 
11/1/85 and 11/26/85. 

65....._ _ ___._ _ __, _______ ~-
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BORING 1028 
DATE DRILLED: October 15, 1985 

EQUIPMENT USED: 20"-Diameter Bucket 

SM 

ML 

FILL - SANDY SILT - some gravel, mottled 
greyish-brown 
Some pieces of asphalt 

CLAYEY SAND - fine to medium, brown 

SILTY CLAY - grey 

SILTY SAND fine, grey 

SANDY SILT - grey 

; I I 
\ I SM SILTY SAND - fine, greyish-brown .. 

NOTE : Wate r not encountered. No caving . 
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BORING 1029 
DATE DRILLED: October 15, 1985 

EOUtPMENT USED: 20"-Diameter Bucket 

·- FILL - SA~D - fine, some gravel a nd cobbles, 
some chunks of asphalt, brown 

SILTY CLAY - some roots, grey 

Layer of Clayey Silt 

Some Sa nd 

NOTE: Wa ter not encountered. No caving . 

LOG OF BORING 

LeROY CRANDALL ANO ASSOCIATES 

FIGURE A- 3 1 
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BORING 1030 
October 14 , 1985 

EQUIPMENT USED '. 20"-Diameter Bucke t 

SP 

FlLL - SILTY SAND - fin e, some gravel and 
cobbles , brown 

SA DY SILT - brown 

SANn - fine , 1 ight grey 

SANDY SILT - brown 
SILTY SAND fi ne , light brown 

NOTE : Water not encountered . o caving . 

LOG OF BORI NG 

LeROY CRANDALL ANO ASSOCIATES 

FIGURE A-32 





• 
icn 

w 
w2 
j;j:: 

~i 
0 <I'. 
Zv, 
<z 
zO o-_I-

58 
O..J 
.:J 

0 a:: 
~ e>w 
X z:r 
u ~o 

lm1 

alt-
<I'. 

u 
-(I) 

~z uo 
ci: w-cd:: 
~ (1)0 

D~ 
~8 
I-

l&J 
~u 

w ~ 
► a:: 

0 ..J:::, 

~lB 
z :::, 

(I) (I) 

i5 l&J 

::i~ 
""') ~ 

~ ~~ 
~fi 
w'"'" I{) a:: z 

00 w w ....._ xcn 
rt') z[ 
C\J ~w 

----
ice 

0 U)w a, 
w 

v,o g ~I-
i=o 

0 0~ 
I 

~<I'. I{) 

0 Ua:: 
0 wa:: 
I{) u< 
CX) ,ci:11: 

LC 
' ~i w 

0 
-4 a, (I) 

a, ~-
~ I-

~-: 
sS 

• ..J~ 
u w-

xO 
I-~ 

rt) w 
~ i 
E ... 
& 

15 5 . 9 110 

5 11.1 111 

13 .0 11 1 

10 
6. 7 105 

10 
6. 4 105 

5 

15 

8 

5 

6 

8 

10 

BORING 1031 
DATE DRILLED : Oc tober 15, 1985 

EQUIPMENT USED: 20"-Diame t er Bucke t 

18 
FILL - SILTY SAND - fin e, lar ge amoun t of 

gr avel and debris , br own 
SILTY SAND - f ine , br own 

Some Clay 

SAND - f ine, brown 

Fine to medium 

NOTE: Wa t er not encoun t ered. No caving. 
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LeROY CRANDALL ANO ASSOCIATES 

FIGURE A- 33 
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BORING 1032 
November 21, 1985 

5"-Diameter Rotary Wash 

3" Aspha l tic Paving - 6" Concrete Sla b -
6" Base Course 
FILL - SANDY SILT - some Clay, brown 

SANDY SILT - brown 

Light brown 

Very Sandy 

SILTY SAN - fin e, brownish-grey 

CLAYEY SILT - greyish-brown 

NOT E: Dr il l ing mud used in drilling proce ss . 
Wa ter l evel not es tablished. 
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-FIGURE A-34 





BORING 1033 
ovembe r 4 , 1985 

• EQUIPMENT USED: 18"-Diameter Bucke t 

ELEVATION 18 

SM FlLL - SILTY SAND - f i:ie , some shell 
~ fragments , brown ~en 

l&J 
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BORING 1034 
DATE DRILLED : November 4, 1 985 

EQUIPMENT USED: 18"-Diame ter Bucket 

21 

FILL - SILTY SAND - fine , few shell 
fragments, ligh t brown 

CLAYEY SAND - f ine, brown 

SILTY SAND - fine, greyish-brown 

NOTE: Wa ter not encountered. lo caving . 

LOG OF BORING 

LeROY CRANDALL ANO ASSOCIATES 

FIGURE A-36 
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BORING 1035 
November 4 , 1985 

EQUIPMENT USED: 18"-Diameter Bucket 

5" Asphaltic raving - 16" Base Course 

CLAYEY SAND - fine, brown 

SP SAND - fine, brown 

SM SILTY SAND - fine , grey l;;h- brown 

10. 4 106 13 15 -4--_ ___i__:=-:.~----=...:::....::..JL.....-..:..-=..L.-___ _ 

NOTE: Water not encountered. No caving. 
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BORING 1036 
DATE DRILLED: November 4 • 1985 

EQUIPMENT USED: 18"-Diameter Bucket 

ML 

4" Asphaltic Paving - 8" Base Course 

FILL - CLAYEY SAND - fine , reddish-brown 
SANDY SILT - brown 

Greyish-brown 

20.7 97 10 15...a.....--L._;_____J __ ..._ _ _,__,,......, __ _ 

NOT E: Wa t e r not e ncountered. o caving. 

LOG OF BORING 
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FIGURE A-38 
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BORING 1037 
Novembe r 12 , 1985 

S"-Diameter Rota r y Wash 

4" s pha lt ic Paving - 12" Bas e Cour s e 

S DY SILT - some Clay , brown 

Very Sandy, greyish-brown 

SILTY SAD - f ine, brown 

SAND - fine, light brown 

Some Si ~c , f ew shell f r agment s 

La r ge amoun t of s hel 1 f r agments 

CLAYE Y SILT - g ~ey 

(C ONTI NUED ON FOLLOWING PLATE) 

LOG OF BORING 

LeROY CRANDALL AND ASSOCIATES 

FIGURE A-39a 





• 

OM 

z 
I 
0 -, 

Q 
I 

\{') 

0 
0 
\{') 
co 
w 
a) 
0 .., 

• 
v 
C\I 

E .. 
if 

-20 

45 

-25 

50 

-30 

55 

-35 

60 

,___ ... 65 

uJ 

15 z 

22.9 104 1 

86 

22.8 104 71 

25.9 101 54 

21. 5 104 45 

.. , . ... 
•.., I • 

\ ... 
\·_1 

. • 
,,., .\ 

,, ' 
t·\<·' 
',: : ,·,~. 
·· ·· .•· " ... ' ' ... .. 
J '.,) 
{·, .. , ... 
,-;:, r ·: .. ~ , . .,. 
• • I'~• ,\ ..... , ... 
; . ~ ~-
•!·f .. t•: ..... ,, 

,,\. . ... .. , ... .. 
"\' • .. 

:s,,' , .. 
·'·" :~ ,,~ .. 
\;·• ,,--
- . , -
:: • ': 

BORING 1037 ( CONTINUED) 
ovember 12, 1985 

EQUIPMENT USED: 5"-Diameter Rotary Wash 

Some Sand, greyish-brown 

SP SAND - fine, greyish-brown 

Lenses of Silt 

Fine to medium 

NOTE: Mud 
PVC 

Drilling mud used in drilling proct!::;::;. 
removed . Installed 60' of 2"-diameter 
pipe (perforated at 30' to 40' and 50' to 
60'). Water level measured at 31.4' on 
12/9/85. 
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BORING 1038 
DATE DRILLED : Novembe r 4, 1985 

EOUtPMENT USED: 18"- Diameter Bucket 

24 

FILL - SILTY SAND - fine, few ~hell 
f ragments , light brown 

CLAYEY SAND - fine, brown 

SANDY SILT - brown 

14 . 9 106 
- 10 ~ ---+----+--+---t-~ 

2 

15 
7 . 2 103 

16.6 117 
20 

SILTY SAND - fine, greyish-brown 

10 s I ~ 

14 

• I 

I • 

ML SANDY SILT - some Clay, greyish-brown 

(/'.~ SP 
•,· ·':'.t 

SAND - f ine, ligh t brown 
· .. ~ . ' 
: .. -:~ 

Layer o f Sil t 

NOTE: Wate r not encountered . Slight r aveling 
f rom 14 ' t o 19 1 • 
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BORING 1039 
DATE DRILLED : November 5, 1985 

18"-Diameter Bucke t 

24 
Asphaltic Paving - 12" Ba se Course 

SILTY SAND - fine, brown 

Some Cl ay 

Very Sandy, light brown 

Light grey 

NOTE : Water not encountered. Caving below 9' 
(to 2' in diameter). 

LOG OF BORING 

LeROY CRANDALL AND ASSOCIATES 

FIGURE A-41 
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BORING 1040 
DATE DRILLED : November 5, 1985 

18"-Diameter Bucket 

25 

S" Asphaltic Paving - 10" Ba;;e Course 

FILL - SAND and CLAY - some gravel, brown 
SANDY SILT - some Cl ay, brown 

SILTY SAND - fine , very Sandy, light 
greyish-brown 

15 ...1.,__....J._~3~.o=-i..,._l~l~O...L..__1~8-'------·:~{-·~~s-P_ SAND - fine , light gr eyish-brown 

NOTE : Wa ter not encountered. Caving f rom 9' to 
14' ( to 2' in diameter). 

LOG OF BORING 

LeROY CRANDALL AND ASSOCIATES 

FIGURE A-42 





BORING 1041 
DATE DRILLED: November S. 1985 

• 18"-Diameter Bucket 

5" Asphaltic Paving - 18" Base Course 
~ 25 
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j; i= CLAYEY SAND fine, brown 

~i 
5 13.2 117 8 

o<r 
z (I) LO <rz 
zO 18.6 113 10 
o-_ .... 
58 SILTY SAND - f ine, brown 
O..J 10.3 115 3 
..J 

0 er 10 <.,w 
~ z:r 17.8 100 Layer of Silt, :r 15 grey u ~6 

dt 

m~ 
u -en 
~z 
uo 6.8 120 13 . ',' ... SP SAND - fine, light grey w- ·.1:·:· 

~ 
5;~ 15 

~ 

Mf ~~ NOTE : Wa ter not encountered. Caving from 12' to 
I- 14' ( to 2 I in diame t er). w 
tiU 

LI.I ~ 
► er 

d ..J::, 

~~ ::, 
z (/) (/) 

:r: UJ 

0 ::i~ 
-:, ~ 

~ ~15! 
~~ 
II.I~ 
crZ 
II.I II.I 

\{) J: (/) 
00 

Zr ....... 
3: II.I 

....... iQ; 
cnW m 

UJ g~ ~ 
i=o 

0 Q~ 
' ~Cf \{) 

0 ui 
0 II.I Cf 
\{) u~ 
00 ~ 
' ~i 0 

men 
m ~-
~ I-

~~ 
8~ • ..J Cf 

u w-
::cO 
1-Z 

,.., 
II.I LOG OF BORING 

~ i e .. 
LeROY CRANDALL ANO ASSOCIATES ~ 

FIGlRE A-43 





BORING 1042 
November s, 1985 

18"- Diameter Bucket 

28 
S" Aspha l tic Paving - 11" Base Course 

~en FILL - CLAY - some gravel, reddish- brown w 
LIJ 2 25 10 .4 108 2 SILTY SAND - fine , brown j!: ;: 
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BORING 1043 
DATE DRILLED : November 13, 1985 

EQUIPMENT USED: 5"-Diameter Rotary Wash 

29 

3" Asphaltic Paving - 22" Base Course 

FILL - SILT - layers of gravel, brown 

FILL - SILTY SAND - f"ne, layers of gravel , 
brown 

SILTY SAND - f ine, fe~ gravel, light brown 

Lens es of Clay 

SAND - fine, light grey 

Thin lenses of Sandy Clay , l ight greyish­
brown 

1e nses of Clay , some shell fragment s 

Fine to medium, some gravel and shell 
f r agmen s 

Thin lenses of Clay 

(CONT INUED ON FOLLOWING PLATE) 

LOG OF BORING 

LeROY CRANDALL ANO ASSOCIATES 

FIGURE A-45a 
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SOR I NG 1043 (CONTINUED) 

November 13, 1985 

EQUIPMENT USED: S"-Diameter Rotary Wash 

Light grey 

Large amount of shell fragments 

Some Silt, few gravel, l arge amount of 
shell fragments 

NOTE: Drilling mud u~ed i n dril l ing process . Mud 
removed. Installed 60' of 2"-diameter PVC 
pipe (perforated at 30' to 40' and SO ' to 
60 1). Water level measured at 35.7' on 
12/9/85 . 

65 ,..L_ _ ______L __ .L...___---L,._----1,___J 
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FIGURE A-45b 
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BORING 1044 
DATE DRILLED : November 6, 1985 

EQUIPMENT USED: 18"-Diameter Bucket 

4" Asphaltic Paving - 12" Base Course 

FILL - CLAY - some gravel, reddish-brown 
SANDY SILT - brown 

Greyish-brown 

Few roots 

Sandier 

! \ SM SILTY SAND - f ine, greyish-brown 
: 

' . . . . 
•. : . . 

·.<·::'_:.: SP 
'.: ._., 

SAND - f ine, light greyish-brown 
.. 

. ~~Ii~: . 
:_'.• ·:.:. 
I ,· . --

NOTE: Wa ter no t encountered . Caving from 12 ' to 
16 I (to 2 I in diameter ) . 
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FIGURE A-46 
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BORING 1045 
DATE DRILLED : Novembe r 6, 1985 

EQUIPMENT USED: 18"-Diameter Bucket 

ML 

ML 

•. ,··~- SP 
".:. ·: ... 
t• . ·;~~ 
.·, .. _.,.,. ... ,. ·~ 

37 
3" As pholtic Paving - 20" Base Course 

CLAYEY SILT - some Sand , brown 

SANDY STLr - brnwn 

CLAYEY SILT - brown 

SAND - f ine , light grey 

15 ...__-l..:.l~6~. ~l .1-....:l~l~l _J_~l~3:...L.._...a.;:'~·~~:::...__ 

OTE : Water not encountered . Caving froo 12 1 co 
14 1 (to 2 ' in diameter) . 
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BOR ING 1046 
November 6, 1985 

EQUIPMENT USED: 18"-Diameter Bucket 

ATION 38 
4" Asphalt:ic Paving - 18" Base Cour::;e 

ML SANDY SILT - brown 

SP SAND - fine , brown 

NOTE: Water not encountered. Caving from 11' to 
14' (to 2' in diameter). 

LOG OF BORING 

LeROY CRANDALL ANO ASSOCIATES 

FIGURE A-48 
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BORING 1047 
DATE DRILL ED: Novembe r 7 , 1985 

EQUIPMENT USED: 18"-Diameter Bucket 

4" A phalL.i.c Paving - 20" Base 

FILL - SA DY SILT - br own 

ML SANUY SILT - brown 

SM SILTY SAND - f ine, ve ry Sandy, 

Some roots 

Course 

greyish- brown 

SP SA D - fi. e to medium , light greyish- brown 

Some ·hell f r agment s 

Large amount of shell fragment s 

OTE : Wate r not enco untered . Raveling from 13 I 
to 29 '. 

OF BORING 

LeROY CRANDALL ANO ASSOCIATES 
FIGURE A-49 
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BORING 1048 
November 14 , 1985 

5"-Diameter Rotary Wash 

4" Asphaltic Paving - 24" Base Course 

FILL - SILT - greyish-brown 

FILL - SILTY SAND - fine, some gravel, 
greyish-brown 

SANDY SILT - brown 

SILTY SAND - fine , light greyish-brown 

Fine to medium 

SAND - fine, light grey 

Light greyish-brown 

Few shel l fragments 

(CONTINUED ON FOLLOWING PLATE) 

LOG OF BORING 

LeROY CRANDALL ANO ASSOCIATES 

FIGURE A-50a 
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BOR I NGl048 (CONTINUED) 
November 14, 1985 

QUIPMENT USED: 5"-Diameter Rotary Wash 

CL 

SC 

NOTE: 

SANDY CLAY - grey 

CLAYEY SAND - fine, very Sandy, l ight 
greyish-brown 

Mud 
PVC 

Drilling mud used in drilling process . 
removed. Installed 60 1 of 2"-diameter 
pipe (perforated at 30' to 40' and SO' to 
60 1). Water level measured at 41' on 
12/9/85. 
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DATE DRILLED : 

BORING 1049 
November 7 • 1985 

EQUIPMENT USED: 18"-Diame t er Bucket 

L EVATION 38 
3" Asphaltic Paving - 20" Base Course 

ML SA DY SILT - some Clay, brown 

SM SILTY SAND - fine, light greyish- brown 

ML CLAYEY SILT - some Sand , light greyi sh- brown 

OTE: Wa er not encountered . o caving . 

LOG OF BORING 
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FIGtRE A- 51 
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BORING 1050 
Novembe r 7, 1985 

EQUIPMENT USED: 18" - Diame t er Bucke t 

ML 

ML 

SM 

37 

4" Asphaltic Paving - 26" Base Cour se 

CLAYEY SILT - some Sand, brown 

SANDY SILT - brown 

SILTY SAND - fine, greyish- brown 

15 ....._ _ __.__8_.~5......__1_1_1_,__1_6~----

NO TE: Water no t encount ere d. No caving . 

LOG OF BORING 

LeROY CRANDALL AND ASSOCIATES 

FIGURE A-52 
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BORING 1051 
DATE DRILLED: November 7, 1985 

EQUIPMENT USED. 18"-Diameter Bucket 

36 
5" As pha ltic Pav i ng - 30" Base Cour se 

ML SANDY SILT - brown 

'. SM SILTY SAND - fine, light brown 

;. ., II, ' 

,~\\. ... " 
.,.•.:·.-. 
~ ~.· .. ·., 
, ... · 

1 .. , .,. 

•\ :. ;·· 

SAND - f ine, l ight greyish-brown 

Layer of Silt 

20 ....1-_ __i_::l~0~-~l.J.._1~1~2::....J....----=-3~2..__.-~:_,~·-·<-- Lens of Sil t 

NOTE : Water not encounter@ rl. No cRving . 

LOG OF BORING 
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FIGURE A-53 





BORING 1052. 
DATE DRILLED : November 8, 1985 

18"-Diameter Bucke t 

35 
4" Asphaltic Paving - 24" Base Cour se 
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BORING 1053 
November 21. 1985 

• EOUIPMENT USED: 5"-Diameter Rotary Wash 
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6' Asphaltic Paving - 27 Base Course 
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SOR I NG 1053 {CONTINUED) 
DRILLED: November 21, 1985 

EQUIPMENT USED: 5"- Diameter Rotary Wash 

Some Silty Clay lenses 

SM SILTY SAND - fine, brown 

ML SANDY SILT - grey 

?::·: SP SAND - fine, medium and coarse, grey 

NOTE: Drilling mud used in drilling process. Mud 
removed to a depth of 45 ' after completion 
of drilling . Water level measured at 35' 
20 minutes a fter remova l of mud. 

LOG OF BORING 
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FI GURE A- 55b 
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BORING 1054 
November 8, 1985 

EQUIPMENT USED: 1811 -Diameter Bucket 

34 
4" Asphaltic Pnving - 16" Base Cour s e 

SANDY SILT - brown 

ML CLAYEY SILT - brown 

ML SANDY SILT - brown 

Greyish-brown 

15 20.3 108 18 ........_ _ ____._~~..__ _ _.__~-------
NOTE: Wa ter not encountered. No cavin g . 
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BORING 1055 
November 15, 1985 

EQUIPMENT USED: 18"-Diameter Bucket 

SP 

OTE: 

33 

SILTY SAND - fine , brown 

Layer of gravel 

SANDY SILT - brown 

SILTY SAND - fi ne, br own 

SAND - fine, brown 

Light brown 
Fine to medium 

Water not encountered . . o caving. 
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BORING 1056 
DATE DRILLED : November 15, 1985 

• EOUtPMENT USED: 18"-Diameter Bucket 

32 
FILL - SILTY SAND - fine, light brown 

~ 
Layer of gravel ~en 30 w 
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BORING 1057 
November 15, 1985 

• S"-Diameter Rotary Wash 

31 
6" As phaltic Paving - 6" Base Cours e 
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BORING 1057 ( CONTINUED) 
November 15, 1985 

EQUIPMENT USED: 5"-Diameter Rotary Wash 

SAND - fine, brown 

ML CLAYEY SILT - greyish-brown 

SANDY SILT - some Clay, brown 

SILTY SAND - fine, greyish-brown 

SAND - fine, light grey 

Some Clay 

+-----+---+-------+---+----t ~~ ·, 

20.5 108 41 
... 

NOTE: Mud 
PVC 

Drilling mud u5ed in drilling proce55. 
removed. Installed 60' of 2"-diameter 
pipe (per:orated at 30' to 40' and 50' to 
60'). Water level measured at 40' on 
11/26/85. 
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FIGURE A-59b 
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BORING 1~8 
November 8, 1985 

EQUIPMENT USED: 18"-Diameter Bucket 

30 

6" Asphalt i c Paving - 18" Base Cours e 

ML SANDY SILT - brown 

Some Clay 

SM SILTY SAND - fine, light brown 

SAND - f ine, l ight greyish-brown 

NOTE: Water no t encounter ed. Caving below 10 ' 
(to 2' in diameter). 

LOG OF BORING 
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FIGURE A-60 
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MAJOR DIVISIONS GROUP 
TY P I CAL NAMES 

SYMBOLS 

1iii~°4 GW 
Well Qroded Qrove ls , Qrovel • sand m i xtures 1 

l".1~ .. o ~ lollle or no ! ,nu . 
CLEAN ~Q~.<?? 

GRAVELS i,..-o .. • • 

(Loll ie 0< no lines ) ... • .. ·,: Poor ly Qroded grovels or grovel-sand mutures , •••o " GP 
GRAVELS 

t--;oo• ltNle or no fines . ••o • •.~ 

(More lllen 50 % of 
o o:• .. • 

coarse fraction is 
LARGER than the GM S,l!y grovels, grav• I· sand - silt mixturf.s. 
No. 4 sieve !IZe) GRAVELS ~-

WITH FINES 

~ COARSE 
(4ppree iable amt , 

GC Clayey grovel s , gravel · sand ·cloy mixturet, of f ines) 
GRAINED 

SOILS 

\/\·;\· (More lhan 50¾ of 
SW 

Well graded sands, gravelly sonds , l i ttle or 
mater ial is LARGER no fines , 
thon No. 200 sieve CLEAN SANDS .' • ~ .. • .. :• .. I 
size) 

(L ittle or no f ines) 

.:\{\-:-: SP 
Poor I y graded sends or gravelly sonds , Ii tt le 

SANDS or no f ines . 

(More then 50 ¾ of 
I' ,, 

coor se tract ion is :i .. ' SMALLER than the :• SM Silty sands , sand· ; olt moxtures . 
No. 4 sieve size ) SANDS ' '· 

WITH FINES 
. 

(Apprec ,oble amt. ~~: SC Clayey sonds, sand · cloy m1Xtures. of f ines ) 
- ~~-, .. 

lnorgonoc soil s and very l ine sands , rock 'lour , 
ML s ,lly or clayey f in, sonds or clayey sol h 

W I th slight plos llc,ty . 

SILTS ANO CLAYS 

f?a~ Inorganic cloys of low lo medium plosllcety, 

( Liquid hm1t LESS than 50) CL grove lly cloys , sandy ctoys, silty clays , lean 

~ cloys. 

F I NE OL Organic si lls and organic silty cloys of low 

GR AIN ED 
plas11c1ty . 

SO I LS 
(More th an 50 ¾ of MH 

Inorganic sills, m1 coceous or d I atomoceous 
materia l ,s SMALL ER tin e sandy or sr lty so,ls , elost1c silts . 
lhon No. 200 sieve 
size) 

~ SI LTS AND CLAYS 
CH 

( Liquid limit GREATER than 50) 
IMrgon1c clo ys of high plost 1c1ty, fol clays . 

I OH 
O rgon 1c cl ays o f med ium to high pJ ast i c ity , 

organ ic silts . 

""""" HIGHLY ORGANIC SOI LS ~ Pt Peal and 01her hi ghl y organic soils . 
~ 
~ 

BOUNDARY CLASSIFICATION S : Soils possess ing choroc1er,s t 1cs of two g,oups ore designated by 
comb mat , ons of group symbols 

PARTICLE S I Z E L I M I T S 

SANO GRAVEL I 
I 

SI LT OR CLAY 

I lcOARS£ I 
COB BLES 1 BOULDERS 

F I NE »£OU M IP IN'[ COAqSE I 
I 

NO, 200 NO. 40 NO. 10 N0.4 ~4 In, J-, . ll 21n.l 
U . S . S T ANDAR D S I EVE S I Z E 

UNIFIED SOIL CLASS IFICATION SYSTEM 

Reference : 
The Unified Soil Classif ication System, Corps of 

En91neers , U, S. Army Techn ical Memorondum· No. 3-357, 
Vo l. I , March, 1953 , (Revised April, 19601 
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BOCJCET BORI'NGS: 

Depth Increaent 

O' to 25' 

below 25' 

ROTARY WASH BORINGS: 

Driving Weight 

1,600 lbs. 

800 lbs. 

Dr i ving 'ileight = 450 lbs. 

Stroke = l½' 

STAHDARD PENETRATION TEST: 

Stroke 
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Unif i ed Soil Classification Systeas 
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APPENDIX B: 
DOWNHOLE SEISMIC SURVEY 

B.1 SUMMARY 

ownhole seismic s ,urveys were performed in Borings 1005, 1027, 
and 1057 . Measurements were made from the ground surface to 
depths of up to 60 feet in the borings . 

B.2 PROCEDURE 

After completion of the drilling of the borings, two-inch­
diameter PVC pipe was installed in the borings, and sand backfill 
was placed around the pipes. Downhole seismic surveys were then 
performed in the pipes to determine the propagation velocities of 
the compressional wave s (P-waves) and shear waves (S- wave s ). 

A borehole seismometer, connected with cable to an amplifier and 
reco rder, was lowered to the bottom of the pipe. A wooden plank 
was placed adjacent to the boring and weigh ted down with the 
front wheels of a vehicle. The S-waves were generated by hori­
zontally striking the end of the plank with a sledge hammer; the 
P-waves were generated by vertically striking the top of the 
plank . The S- waves and P-waves were detected by the three 
orthogonal gcophones of the borehole seismometer . When the 
measurements were completed at a given depth, the seismometer was 
raised to a higher level and a new set of measurements was taken. 

B.3 ANALYSIS 

The times of first arrivals of the S-waves and P- waves were 
dete rmined from the recordings and were plotted versus distance 
from the source on travel time curves which are presented on 
Figures B-1 through B- 3 , Downhole Seismic Survey . The propaga ­
tion velocities were computed and are presented on Figures B-1 
through B- 3 . 
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APPENDIX C: 
LABORATORY TESTING 

C.l INTRODUCTION 

The laboratory testing program was directed toward a quantitative 
determination of the physical properties of the soils along the 
alignment. Each type of material was thoroughly investigated to 
determine the significant properties of the materials. All of 
the laborato ry testing was performed within our office in Los 
Angeles. 

C.2 LABORATORY TESTING PROGRAM 

The laboratory program included testing of undisturbed samples, 
as well as tests on bulk materials. The undisturbed samples were 
placed in plastic bags and stored in sealed cans until ready for 
use, and the bulk samples were stored in plastic bags. 

The first phase of the testing program consisted of determining 
the classi fication of the soils . The primary classificati ons 
were made by making a visual inspection . Representative samples 
were then selected for more specific studies to determine perti­
nent shear strength and consolidation parameters. 

C.3 LABORATORY TESTING PROCEDURES 

C.3.1 Moisture Content 

Moisture contents were determined by weighing the material at 
natural moisture content, drying it in an oven at a temperature 
of about 230°F , weighing the completely oven-dried sample, and 
calculating the moisture content . Natural water contents were 
determined on the undisturbed samples shortly after the samples 
arrived at the laboratory . The results of the tests are pre­
sented to the left of the boring logs on Figures A-1 through 
A-60. 

C.3.2 Dry Density 

Dry density determinations were obtained by carefully utilizing a 
ring sample measuring with a known volume of the undisturbed 
sample, weighing the sample after it had been oven-dried, and 
calculating the unit weight. Results of the dry density deter ­
minations are presented to the left of the boring logs . 
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C.3.3 Direct Shear Tests 

Direct shear tests were performed on selected undisturbed 
samples. The tests were performed at field and increased mois­
ture contents and at surcharge pressures equal to the existing 
overburden pressures. Selected samples were tested at an 
increased surcharge pressure to provide more complete data. 
Remolded samples, compacted to 90% and 95% at optimum moisture 
content, were prepared for direct shear tests; these samples were 
tested at increased moisture contents and at different surcharge 
pressures. All of the samples were tested at a constant strain 
of O. 05 inches per minute. The yield-point values determined 
from the direct shear tests are presented on Figures C-1.1 
through C-1.16. 

C . 3.4 Consolidation Tests 

Undi sturbed samples and remolded samples compacted to 90% and 95% 
at optimum moisture content were tested in consolidometers to 
determine the consolidation characteristics of the soils . 
Vertical loads were instantaneously applied in increments and the 
rate of vertical consolidation was measured for each increment. 
Each load was allowed to conso idate the sample for at least 12 
hours before a new increment was added. Water was added to 
selected samples during the tests to illustrate the effect of 
moi sture on the compressibility; the other samples were tested at 
field moisture content . The results of the consolidation tcstz 
are presented on Figures C-2.1 through C-2.16. 

C.3 .5 Compaction and C.B.R. Tests 

The optimum moisture content and maximum dry density of the soils 
were determined by per f orming compaction tests on 9 samples. The 
test s were performed in accordance with the ASTM Designation 
D1557-78 method of compaction. This method of compaction uti­
lizes a 1/30 cubic -foot mold, in which each of five layers of 
soil is compacted by 25 blows of a 10 - pound hammer falling 18 
inches. 

After completion of the compaction tests, California Bearing 
Ratio tests were performed on three of the samples in accordance 
with the /1.STM Designation Dl883-73 me thod . The resul ts of the 
compaction and California Bearing Ratio tests are presented on 
Figures C-3.1 through C-3.3, Compaction and C.B.R. Test Data . 
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C.J.6 Particle Size Distribution 

To determine the particle size distribution of the soils and to 
aid in class ifying the soils, mechanical analyses were performed 
on three samples. The results of the mechanical analyses are 
presented on Figures C-4.1 and C-4.2. 

C.3.7 Permeability Tests 

Permeability tests were performed on selected undisturbed samples 
and r emolded samples compacted to 90% a nd 95% at optimum moisture 
content to determine the coefficient of permeability of the 
soils. The samples were tested under a confining pressure of 200 
pounds per square foot. The test results are presented on 
Figures C-5.1 and C-5.2 . 
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NOTE : Water a dded to samples afte r consolidation under 
a load of 1.8 k: ps per square foo t . 

CONSOLIDATION TEST DATA 

LeROY CRANDALL ANO ASSOCIATES 

FIGURE C-2 .15 
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Boring 1047 at 4' t o 6' _J 
SANDY SILT - REMOLDED 

SAMPLE COMPACTED TO 90% 

NOTE: Wa ter a dded t o samples after consolidat i on under a 
load of 1.8 kip s per s quare f ~ot . 

CONSOLIDATION TEST DATA 

LeROY CRANDALL ANO ASSOCIATES 

FIGURE C-2.16 
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BORING NUMBER 
AND SAMPLE DEPTH: 1000 at 0' to 3' 1013 a t S' to 7' 1017 at 0' to 2 ' 

SOIL TYPE : FILL - SILTY SAND 

MAXIMUM DRY DENSITY., : 
( LBS./ CU. FT. ) 

OPTIMUM MOISTURE CONTENT • : 
( % OF DRY WT.) 

EXPANSION (%) : 

( FROM OPTIMUM TO SATURATED 

MOISTURE CONTENT ) 

c. 8. R. * * 
( % OF STANDARD ) 

AT 90% COMPACTION: 

AT 9!5% COMPACTION: 

119 

13 

CLAYEY SILT 

120 

13 

4. 3 

3 

4 

* TEST METHOD : AST M DESIGNAT ION D 1!5!57 - 70 . 

** TEST METHOD : AST M DESIGNAT ION D 1883 -73. 

COMPACTION ANO C. 8. R. TEST DATA 

SILTY SAND 

130 

9 

0.7 

27 

48 

LeRO't' CRANDALL ANO ASSOCIATES 

FI~URE C- 3 . l 





BORING NUMBER 
AND SAMPLE DEPTH: 1023 at 2' to 4' 1026 a t 1 ' t o 3' 1030 at 3' to 5' 

SOIL TYPE : CLAYEY SAND FILL - SANDY SILT SANDY SILT 

~ 
I, 

' 
MAXIMUM DRY DENSITY * : 131 130 131 

0 
( LBS./ CU. FT. ) 

~ z: u 

i j OPTIMUM MOISTURE CONTENT* : 9 10 10 
( % OF DRY WT. ) 

~ • 
n EXPANSION (% ) : 1.5 

1M ( FROM OPTI MUM TO SATURATED 
0 MOISTURE CONTENT ) 

C. B. R. • * 
( % OF STANDARD ) 

AT 90% COMPACTION: 8 

AT 95% COMPACTION : 18 

* TEST MET HOD: AST M DESIGNATION D 1557-70. 

u T EST MET HOD : AS TM DESIGNATION D1883 -73. 

COMPACTION ANO C. B. R. TEST DATA 

LeROY CRANDALL ANO ASSOCIATES 

FIGURE C-3. 2 
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BORING NUMBER 

AND SAMPLE DEPTH : 1038 at 0 ' to 3 ' 1047 at 4 ' to 6 ' 1052 a t 3 ' to 4 ' 

SOIL TYPE : FILL - SILTY SAND SANDY SILT FILL - SANDY CLAY 

MAXIMUM DRY DENSITY * : 121 129 129 
( LBS./ CU. FT. ) 

OPTIMUM MOISTURE CONTENT * : 12 10 10 
( % OF ORY WT. ) 

EXPANSION (% } : 

( FROM OPTIMUM TO SATURATED 

MOISTURE CONTENT) 

C, B. R. • * 
( % OF STANDARD ) 

AT 90% COMPACTION : 

AT 9!5% COMPACTION : 

•TEST METHOD : ASTM DESIGNATION D1!5!57-70. 

** TEST METHOD : ASTM DESIGNATION 0 ·1883-73. 

COMPACTION ANO C. 8. R. TEST DATA 

LeROY CRANOALL ANO ASSOCIATES 

FIGURE C-3 . 3 
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BORING NUMBER 
AND 

SAMPLE DEPTH 

1000 at 3 ' 

1023 at 2 ' 

1035 at 2 ' 

1038 at 1' 

1047 at 4 ' 

SOIL TYPE 

FILL - SILTY SAND 

CLAYEY SAND 

CLAYEY SAND 

FILL - SILTY SAND 

SA DY SILT 

PERMEABILITY TEST 

( IN-SITU SAMPLES ) 

COEFFICIENT OF 
PERMEABILITY 

Ft/Yr Cm/Sec 

6.7 6.5 X 10- 6 

0.1 1. 2 X 10- 7 

0.1 l.O x 10- 7 

11. 2 1. 1 X 10- 5 

0.6 6.2 X 10- 7 

DATA 

LeROY CRANDALL ANO ASSOCIATES 

FIGURE C- 5.1 
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4 

3' 

3' 

6' 

6' 

SOIL TYPE 

CLAYEY SAND 
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FILL - SILTY SA>1D 
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PERMEAB I LI T Y 

PERCENT 
COMPACTION 
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COE FF IC IENT OF 
PERMEABILITY 

Ft/Yr Cm/Sec 

l. 2 1.2x 

0. 2 2.3 X 
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9.0 8 . 7 X 

l. 1 1. 1 X 

0. 3 2. 5 X 

TEST DATA 

10- 6 
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10- 5 
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10-6 

10- 7 

( R EMOLDED SAM P LES ) 

LeROY CRANDALL ANO ASSOCIATES 

FIGURE C-5. 2 
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APPENDIX D: 
SEISMIC DATA 

D.l COMPUTER SEARCH OF RECORDED EARTBOUAKES 

The seismicity of the area was determined from a computer search 
of a magnetic tape catalog of earthquakes. The catalog of 
earthquakes included those compiled by the California Institute 
of Technology for the period 1932 to 1981 and those earthquakes 
for the period 1812 to 1931 compiled by Richter and the U. S. 
National Oceanic and Atmospheric Administration (NOAA). The 
computer printout of the earthquakes is presented on Table D-1. 
The search for earthquakes that occurred within 100 kilometers of 
the site indicates that 290 earthquakes of Richter magnitude 4.0 
and greater occurred be tween 19 3 2 and 19 81; two earthquakes of 
magnitude 6.0 or greater occurred between 1906 and 1931; and one 
earthquake of magnitude 7.0 or greater occurred between 1812 and 
1905. 

The information listed for each earthquake found in the printout 
includes date and time in Greenwich Civil Time (GCT), location of 
the epicenter i n latitude and longitude, quality of epicentral 
determination (Q), depth in kilometers, and magnitude. Where a 
depth of O. 0 is given, the solution was based on an assumed 
16-kilometer focal depth. The explanation of the letter code for 
t he quality factor of the data is presented on the first puge of 
t he table. 

D.2 SITE PERIOD CALCULATIONS 

The evaluation of the characteristic site period, Ts, is neces­
sary to determine the coefficient of site-structure resonance, S, 
in accordance with Section 2312 of the 1982 edition of the 
Uniform Building Code. The characteristic periods were evaluated 
following the procedures suggested in SEAOC Standard No. 1, 
Recommended Lateral Force Requirements and Commentary, Seismology 
Committee, Structural Engineers Association of California, 1980. 

The site period determination requires the knowl edge of the shear 
wave velocities of the various deposits underlying the site. The 
shear wave velocity values presented in Appendix B were deter­
mined based on the results of downhole seismic surveys. The 
details and the results of the surveys are presented in Appen­
dix B . 

D.1 
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The average shear wave velocities tha t were utilized in t~e 
determination of the site periods are presented on Figures D- 1 
through D- 3 , Site Period Determination for geotechnical profi les 
that are judged to reflect a possible range of depths below the 
foundation level at which the shear wave velocity is 2 ,500 feet 
per second or greater . 

D.2 





TABLE 0-1 
Sheet 1 of 11 

• LIST OF HISTORIC EAAn«;IUAKCS OF MAGNHUOE 4. 0 Oil 
GREATER WITlilN 100 KM CF TI£ 5ITE 

!CAL TECH MTA 1932-1981! 

Y[i:IR MONTH DAY l!R HIN SfC LATITUDE LONGITIJDE Q DISTANl'.'.E OEPTH MAGNITUDE 

193c MJV 1 4 4:i 0 ~.00 N 117. 25 W E 90 .0 4.0 
1933 i'IAR 11 !. 5.:i 8 33.62 N 117 . 97 W A 29 .0 6.3 
1933 1'1Af! 11 2 4 0 33 . 75 N 118 . 08 W C 12 .0 4.9 
1933 HAR 11 2 5 0 33.75 N 118 .08 I.I C 12 .0 4.3 
933 HAR 11 2 9 0 33 . 75 N 118 .08 W C 12 . 0 5 .0 

1933 MAR 11 2 10 0 33. 75 N 118.08 W C 12 .0 4.6 
1933 HAR 11 2 11 0 33. 75 N 118. OB W C 12 . 0 4.4 
1933 HAR 11 2 16 0 33.75 N 118 . 08 W C 12 .0 4.8 
1933 "IIR 11 2 17 0 33 .60 N 118 . 00 W E 'i!1 .0 4.5 
1933 MAR 11 2 22 0 33 . 75 N 118 . 08 W C 12 .0 4.0 
1933 '¥IP. 11 2 27 0 33. 75 N 118.08 W C 12 .0 4.6 
1933 HAR 11 2 30 0 33 . 75 N 118 . 08 W C 12 .0 5.1 
1933 i'IA:l 11 2 31 0 33 .60 N 118 . 00 W ( 'i!1 . 0 4.4 
1933 MAR 11 2 52 0 33 . 75 N 118 . 08 W C 12 .0 4.0 
1933 !"AR 11 2 57 0 33 . 75 N 118. 08 W C 12 .0 4.2 
: 933 HAR 11 2 58 0 33 . 75 N 118 . OB W C 12 .0 4.0 
1933 HAR 11 2 59 0 33 . 75 N 118 . 08 W C 12 .0 4.6 
1933 l".AR 11 3 5 0 33 . 15 N 118 .08 W C 12 .0 4.2 
1933 l'iAR 11 3 9 0 33 . 75 N 118 . 08 W C 12 .0 4. 4 
1933 MAR 11 3 11 0 33 .75 N 118 .08 W C 12 .0 4.2 
1933 MAR 11 3 28 0 33 75 N 118 .08 W C 12 .0 5.0 
1933 MAR 11 3 36 0 33 . 75 N 118 08 W C 12 0 4.0 
1933 l'iAR 11 3 39 0 33 .75 N 118 .08 W C 12 .o 4.0 
1933 ~R 11 3 47 0 33 75 N 118 . OB ill C 12 .0 4.1 
1933 /OAR 11 ll 36 0 33 . 75 N 118 .08 W C 12 .0 4.6 
1933 MAR ! 1 ~ 39 0 33 .75 N US. 08 W C 12 .0 4.9 
1933 11AR 11 4 40 0 33 .75 N 118. 08 \ii C 12 .0 4.7 
1933 MAR 11 5 10 22 SE. 70 N 118 .07 W C 17 .0 5.1 
1933 ".AA 1: 5 13 0 33 . 75 N 118 08 W C 12 . 0 4.7 
1938 i'\Arl 11 5 15 0 32 . 75 N 118 . ()8 W C 12 .0 4 .0 
1933 MAR 11 5 18 4 33 57 N 117.98 W C 33 . 0 5.2 
1-r33 HAR 11 5 21 0 33 .75 N 118 . 08 W C 12 .o 4.4 
1933 MA~ 11 5 24 0 33 .75 N 118 .08 W C 12 . 0 4.2 
1933 riAH 11 5 53 0 33 . 15 N 118 08 W C 12 0 4 ,0 
'.933 MAR 11 5 55 0 33 .75 N 118 09 W C 12 ,0 4.0 
1933 'iAR 11 6 

., .... 0 32 .75 N 118 . 08 laJ C 12 .0 4 .4 
l C/33 MA.~ 11 6 18 0 33 .7.:i N 118 .08 W C 12 .0 4.2 
1933 MAA 11 6 29 0 3S .85 N 118 .27 W r 9 .0 4.4 I., 

1933 "1AR 11 6 ~ 0 33 . 75 N 11s .c,a w C 12 . 0 4.2 
1933 MAR 11 !i 58 3 33 . 68 N 118 05 W C 19 .0 5 .5 
1933 ,'1AR .. ., 

51 0 33 . 75 N 118 .08 .ti C 12 . 0 4.2 ... I 

1933 MAR 11 7 59 0 33 .75 N 118 GB W C 12 .0 4 .1 
1933 liAR 11 B 8 0 S-J. 75 N 118 .08 W C 12 .0 4.5 
1933 MAR 11 8 32 0 33 . 75 N 118 . 08 w C 12 0 4 2 
l 93::J !'.AR 11 8 37 0 33 75 ~! 118 .08 IN C 12 0 4.0 
1933 MAR 11 3 5.:i 57 33 .70 N 118 .07 lol C 17 .0 5 .1 
1933 MAA 11 9 10 0 33 .7:;i N 118 . 08 W C 12 . 0 5.1 
1933 MAR 11 9 11 0 33 . 75 N 118 . 08 lol C 12 .0 .q _.q 
:933 MAR ., 9 26 0 33 .75 N 118 . 08 W C 12 . 0 4 . 1 .. 
1933 Mf\A 11 10 25 0 33 . 75 N 118 . 08 W C 12 . 0 4.0 
1933 l'iAR 1 10 4:., 0 33 .75 N 118 .08 W C 12 .0 4 0 

NOTE . Q IS A F'ACTOR RELATING THE 01 IAl ITf CF E.PICENTRAL ;)[TERMINATION 

A: SPECIALLY INVE~TIGAT-D 
8 = Ei='ICENTE.R ~ROBABL Y I.IITHIN 5 KM . ORIGIN iIHE TO NEAREST SECOO 

• C : 71-iW:NTCii PROEABL Y WI tlIN 15 11: 11 , OAIGI~ TI"'£ TO A f"EW SCCONDS 
D : EPICENTER .\J()T KNuWN 1.1:THIN 15 KM . ROIJGH LOCAT!~ 
i: = CPI CDff[R Rf11.GHLY LOCATEJ , ACCURACY LESS THAN " 0" 
P = PRELIHI~AY 





TABLE D-1 
Sheet 2 of 11 

• YEAA MOITH ~'( HR HIN 5£C LATITUDE LONGITUDE Q DISTANCC DEPTH MAGNITUDE 

1933 HAR 11 11 0 0 33 ."/5 N 118.08 W C 12 .0 .11 .0 
1933 HAR 11 11 4 0 3375 N 118.13 W C 9 .0 4.6 
1933 MAR 11 11 29 0 33 .75 N 118 .08 W C 12 .0 4.0 
1933 MAR 11 11 38 0 33 .7::i N 118 . 08 W C 12 0 .II, 0 
1933 HAR 11 11 41 0 33.75 N 118 . 08 W C 12 .0 4.2 
1933 HAR 11 11 47 0 33 . 75 N 118. 08 W C 12 .0 4.4 
1933 HAR 11 12 50 0 33.68 N 118.05 W C 19 .0 4.4 
1933 HAR 11 13 50 0 33 . 73 N 118 .10 W C 12 .0 .11 .4 
1933 HAR 11 13 57 0 33.75 N 118 . 08 W C 12 .0 4.0 
1933 HAR 11 14 25 0 33 .85 N 118 .27 W C 9 .0 5.0 
1933 HAR 11 14 47 0 33 .73 N 118 .10 W C 12 .0 4 .4 
1933 l'IAA 11 14 57 0 33 .88 N 118 .32 W C 14 .0 4.9 
1933 MAR 11 15 9 0 33.73 N 118 .10 W C 12 .0 4.4 
1933 !"AA 11 15 47 0 33 . 75 N 118 . 08 W C 12 .0 4.0 
1933 MAR 11 16 53 0 33.75 N 118 . 08 W C 12 .0 4.8 
1933 l"IIR 11 19 44 0 33 . 75 N 118 . 08 W C 12 ,0 4.0 
1933 MAR 11 19 56 0 33 .75 N 118.08 W C 12 .0 .11.2 
1933 !"AA 11 22 0 0 33 75 N 118 .08 W C 12 .0 4.4 
1933 MAR 11 22 31 0 33 .75 N 118 .08 W C 12 .0 4.4 
1933 i'WI 11 22 32 0 33 .7::i N 118 . 08 W C 12 .0 4.1 
1933 MAR 11 22 40 0 33.75 N 118 .08 W C 12 .0 4.4 
1933 i'WI 11 23 5 0 33 . 75 N 118.08 W C 12 .0 4.2 
1933 MAR 12 0 27 0 33 .75 N 118 . 08 W C 12 .0 4.4 
1933 HAR 12 0 3.11 0 33 .75 N 118.08 W C 12 .0 4.0 
1933 MAR 12 4 48 0 33 ./5 N 118 .08 W C 12 .0 4.0 
1933 MN'/ 12 5 46 0 33 .75 N 118.08 W C 12 .0 4.4 
1933 MAR 12 6 l 0 33 .75 N 118 .08 W C 12 .0 4.2 
1933 MAn 12 6 16 0 33 . 75 N 118 . 08 W C 12 .0 4.6 
1933 MAR )2 7 40 0 33 75 N 118 .08 W C 12 .0 4.2 
1933 HAR 12 8 3J 0 33 .75 N 118 .08 W C 12 .0 4,2 
1933 HAR 12 15 2 0 33 . /5 N 118. 08 W C 12 .0 4 2 
1933 MR 12 16 51 0 33 .75 N 118. 08 W C 12 .0 4.0 
1933 r'IAR 12 17 38 0 33 75 N 118. 08 W C 12 .0 .11 .5 
1933 t'V\R 12 18 25 0 33 . 75 N 118 . 08 W C 12 .0 4.1 
1933 HAR 12 21 28 0 33 .75 N 118. 08 W C 12 0 .11. l 
1933 rWl 12 e3 5'< 0 33 . 75 N 118 . 08 W C 12 .0 4.5 
1933 MAR 13 3 43 0 33 .75 N 118 .08 W C 12 .0 4.1 
1933 HAR 13 4 32 0 33 7~ N 118 .08 W C 12 .0 4.7 
1933 HAR 13 6 17 0 33.75 N 118 . 08 W C 12 .0 .11 .0 
1933 :-!AR 13 13 18 28 33 .7:J N 118 .08 W C 1?. .0 5.3 
1933 HAR 13 15 ;le 0 33 .75 N 118 08 W C 12 .0 4.1 
1933 MAR 13 19 29 0 33 .75 N 118 .08 W C 12 .0 4.2 
1933 HAR 14 0 36 0 33 75 N 118 .08 W C 12 .0 4.2 
1933 "AR 14 12 19 0 33 .7~ N 118 . 08 W C 12 0 .11.5 
1933 l"IAR 14 19 l so 33 62 N 118 . 02 W C 26 .0 5 . 1 
1933 MAP 14 22 42 0 33 . 75 N 118. 08 W C 12 .0 .11 , 1 
1933 MAR 15 2 8 0 33 75 N UB.08 W C 12 .0 4.1 
1933 HAR 15 .,; 32 0 33. 7j N 118.08 W C 12 .0 4.1 
1933 MAR 15 5 40 0 33 75 N 118 . 08 W C 12 0 4.2 
1933 HAR 15 11 13 32 33. 62 N 118 . 02 W C 26 .0 4.9 
1933 MHR 16 1.11 56 0 33 75 N 118 08 W C 12 .0 4.0 
1933 HAR 16 15 29 0 33 75 N 118.08 W C 12 0 .II 2 
1933 MAR 16 15 30 0 33 .75 N 118.08 W C 12 .0 4.1 
1933 l"IIR 17 16 51 0 33 .75 N 118 .08 W C 12 .0 4.1 
1933 HAR 18 20 52 0 33 75 N 118 .08 W C 12 .0 4.2 
1933 l'!AR 19 21 23 0 33 7~ N 118 . 08 W C 12 .0 4.2 
1933 MAR 20 13 58 0 33 .75 N 118 . 08 14 C 12 .0 4.1 
1933 HAR 21 3 26 0 33 75 N 118 . 08 W C 12 .0 4.1 
1933 MAR 23 8 40 0 33 ·15 N 118 . 08 W C 12 .0 4.1 
1933 MAR 23 18 3i 0 33 .7!:l N 118 .08 W C 12 .0 ~-1 
1933 i'IAA 25 13 46 0 33 .75 N 118 .08 W C 12 .0 4 .1 
1983 i'iAA 30 12 2~ 0 33 75 N 118 .08 W C 12 .0 4. '1 
1933 /olAR 31 10 ~ 0 33 . 75 N 118 .08 W C 12 0 4.1 

• 1933 APA 6 42 0 33 .75 N 118 .08 W C 1"2 .0 4.2 
1933 APR 2 8 0 0 33 75 N 118 . 08 W C 12 .o 4.0 





TABLE D-1 
Sheet 3 of 11 

• YtAfl l10fTH OAY flR HIN 5£C LAT"TUOE OhCITUOE: Q OISTAHCc: DEPTH HAGNITUOE: 

1933 APA 2 15 36 0 33 .75 N 118 .08 W C 12 0 4 0 
1933 l"IAY 16 20 58 55 33 75 N 118 .17 W C 7 .0 4.0 
933 AU; 4 4 17 48 33 .75 N 118 .18 W C 7 .0 4.0 

1933 OCT 2 9 10 18 33 .78 N 118 . 13 W A 6 .0 5.4 
933 OCT 2 13 26 1 33 .62 N 118 02 W C 26 .0 4.0 

1933 OCT 25 7 0 46 33 .95 N 118 . 13 W C 16 .0 4.3 
1933 t«JU 13 ?l 28 0 33 .87 N 118 .20 W C 7 .0 4.0 
1933 NOV 20 10 32 0 33 .78 N 118 . 13W El 6 .0 4.0 
1934 ~ 9 14 10 0 34 .10 N 117 .68 W A 57 .0 4 .5 
193'1 JAN 18 2 1'1 0 3'1 .10 N 117 .68" A 57 . 0 4.0 
1934 ~ 20 ?1 17 0 33 .62 N 118 .12W B 22 .0 4.5 
1934 APR 17 18 33 0 33 .57 N 117 .98 W C 33 .0 4.0 
193-1 OCT 17 9 38 0 33 .63 N 118 .40 W B 28 .0 4.0 
1934 NQ\1 16 21 26 0 33 . 75 N 118 .00 W 8 19 .0 4.0 
1935 JUN 19 11 17 0 33.72 N 117 .52 W 8 63 .0 4.0 
193J ..u. 13 10 54 17 34 .20 N 117 . 90 W A 51 .0 4.7 
1935 SEP 3 6 47 0 34 .03 N 117 .32 W 8 84 .0 4.5 
1935 O£C 25 17 15 0 33 60 N 118 .02 W B 29 .0 4.5 
1936 FEB ?3 22 20 43 34 .13 N 117 .34 W A 86 .0 4.5 
1936 n:c 26 9 33 28 34 .14 N 117 .34 W A 87 .0 4.0 
1936 AUG 22 5 21 0 33 .77 N 117 .82 W B 35 .0 4.0 
1936 OCT 29 22 35 36 34 38 N 119 .62 W C 7j .0 4.0 
1937 ,IAN 15 18 35 47 33 .56 N 118 .06 W 8 30 .0 4.0 
1937 J;AR 19 1 23 38 34 11 N 117 43 W A 78 .0 4.0 
1937 ..u.. 7 11 12 0 33 .57 N 117 .98 W B 33 .0 4.0 
1937 srJJ 1 13 4J 8 34 21 N 117 .53 W A 76 .0 4.5 
937 ':.EP 1 16 35 34 34 .18 N 117 .55 W A 72 . 0 4.5 

1937 SCP 3 22 14 40 33 04 N 118 . 73 W C 99 .0 4.0 
1938 i'IAY ill 9 44 0 33 .62 ~ 118 .03 W 8 26 .0 4.0 
1938 MAY 31 8 34 55 33 70 N 117 .51 W El 64 .0 5.5 
1938 ..u.. 5 18 6 56 33 .68 N 17.55 W A 61 .0 4.5 
1938 Al£ 6 22 0 56 33 72 N 117 .51 W & 64 .0 4.0 
1qga ALK; 31 3 18 14 33 .76 ~ 118 .?5 W A 8 .0 4.5 
1938 NO\' 29 19 21 16 33 90 118 .43 W A 24 .0 4.0 
1938 DEC 7 3 38 0 34 .uo N 118 .42 W 8 30 .0 4.0 
1938 OEr: 27 LO 9 29 34 . 13 N 117 .5?. W 0 71 .0 4.0 
19~ APR 3 2 50 '15 34 04 N 117 .23 W A 92 .o 4.0 
1939 ~v 4 21 41 0 33 .77 N 118 . 12 W B 8 0 4.0 
1939 /JOV 7 18 52 8 34 00 N 117 .28 W A 87 .0 4.7 
1939 OEC 27 (9 28 49 33. 78 N 118.20 W A 3 0 4.7 
1940 .JAN 13 7 49 7 33 78 N 118 .13 W 8 6 .0 4.0 
19-'IO rEB 8 16 56 17 33 .70 N 118 .07 W C 17 .0 4.0 
1940 FEB 11 19 24 10 33 99 N 118 ,30 Iii B 21 0 4.0 
1940 APR 18 18 43 44 34 .03 N 117 .3::. A 8?. . 0 4.4 
1940 JUN 5 8 27 27 33 83 N 117 .40 I.I e 73 0 4.0 
1940 ..u. 20 ~ l 13 33 .70 N 118 .07 W E) 1 . 0 4.0 
1940 OCT 11 5 57 12 33 .77 N 118 .'<5 W A 24 .0 4 .7 
:940 OCT 12 0 24 0 33 . 78 N 118 .42 W 0 22 .0 4.0 
i9GO OCT 14 20 51 11 33 78 N 118 . 42 W B 22 .0 4 0 
1940 NOV 1 7 25 3 33 78 N 118 . '-2 W B 22 . 0 4.0 
9-,0 t«JV l 20 0 46 33 63 N 118 20 W B 20 .0 4. 0 

1940 NOV 2 c 58 26 33 .78 118 .42 W r, 22 .0 4.0 
94 .14N 30 l 34 47 33 97 N 118 .05 A 22 . 0 4 . 

1941 IWl 22 E 22 40 33 52 118 . 10 & 33 .0 4.0 
9.:11 R 25 23 43 41 34 22 N 17.47 B 81 .0 4.0 

1941 Ai>R 11 20 24 33.95 117 58 W B 59 .0 4 .0 
1941 OCT 22 0 57 19 33 82 18 .22 W A 3 .0 4 .9 
941 '°'' 4 6 41 36 33.78 l18 .2!: A 6 .0 5.4 

1 42 APA 6 7 28 33 33 37 118 15 111 C 49 .0 4.0 
1943 OCT 24 (, 29 2i 33 .93 11 .37 W C 77 .0 4.0 
1944 Jl.lN 19 0 3 33 33 .87 118 .22 ' B 7 .0 4.5 
1944 JLtl 19 3 6 7 33 .87 N 118 .2.2 W C 7 0 4.4 
946 =EB 24 6 7 52 34 .40 N 117 .80 I.I C 7~ .0 4 .1 

• 
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• 'fi:AA MCWn: DAY HA MIN 5EC LATITUU£ LONGITUDE Q DISTANCE ()[PTH MAGNITUDE 

l946 .AJN 1 11 6 31 34A2 N 118.83 W C 90 .0 4 . 1 
1948 l"lln 1 8 11! 13 34 .17 N 117 .53 W C 73 0 4.7 
1948 APR 16 22 26 24 34 .02 N 118.97 W 8 76 .0 4.7 
1948 OCT 3 2 46 28 34 .18 N 117.58 W A 70 .0 4.0 
1950 JAi'; 11 21 41 35 33.94 N 118.20 W A 14 .0 4.1 
1951 SEP 22 8 22 ~ 34 12 N 117.34 W A 86 .0 4.3 
19~2 FEB 10 13 50 55 33.58 N 119 .18 W C 95 .0 4 0 
19::i?. rm 17 12 36 58 34. 00 N 117.27 W A 88 .0 4.5 
1952 AUG <'3 10 9 7 34 .52 N 118 .20 W A 79 .0 5.0 
19::i4 OCT 26 H 22 26 33 . 73 N 117 .47 W 0 67 .0 4.1 
1955 MAY 15 17 3 26 34 .12 N 117 . 48 W A 74 .0 4.0 
1955 l'iAY 29 16 43 3:i 33 . 99 N 119. 06 W C 83 .0 4.1 
1956 JAN 3 0 25 49 33 .72 N 117 .50 W B 65 .0 4.7 
19::i6 rrn 7 2 16 57 34.53 N 118 . 64 W B 90 .0 4.2 
1956 FEB 7 3 16 39 34 . 59 N 118 .61 W A 95 .0 4.6 
1956 MAP. 25 3 32 2 33 .60 N 119 .10 W A 87 .0 4.2 
1960 ~ 28 20 0 48 34 .12 N 117 .47 W A 75 .0 4.1 
1961 OCT 4 c! 21 32 33.85 N 117 . 7!) W 13 41 .0 4.1 
1961 OCT 20 19 49 51 33 65 N 117 .99 W B 26 .0 4.3 
1961 OCT 20 20 7 14 33 .66 N 117 .98 W C 26 .0 4.0 
1961 OCT 20 21 42 41 33 .67 N 117 .98 W B 25 .0 4.0 
1961 OCT 20 22 3:i 34 33 .67 N 118 .01 W E) 23 .0 4.1 
1961 NOV 20 8 53 35 33 .68 N 117 .99 W B 23 .0 4.0 
1962 APA 27 9 12 32 33. 74 N 117 .19 W C 9'3 .0 4.1 
1963 SEP 14 3 51 16 33 54 N 118 .34 W B 33 .0 4.2 
1964 AlC 30 22 57 37 34.27 N 118 .44 W E) 56 .0 4.0 
1965 JAN l 8 4 18 34 14 N 117 .52 W 8 72 .0 4.4 
1965 APR 15 20 8 33 34 .13 N 117A3 W E 79 .0 4.5 
1965 JJL 16 7 46 22 34 .48 N 118 .52 W B 80 .0 4.0 
1967 JAN 8 7 37 30 33 .63 N 118 .47 W E 33 .0 4.0 
1967 J~ 8 7 38 5 33 .66 N 118.41 W C 26 0 4.0 
1967 ~ 15 4 58 6 34 .00 N 117 .97 W 8 2'i' .0 4 1 
1969 FEB 28 4 56 12 34 .57 N 118.11 W A 85 .0 4.3 
1969 HAY 5 16 2 10 34.30 N 117 .57 W [) 79 .o 4.4 
1969 OCT 24 20 26 43 33 .34 N 119.lOW B 99 .0 4.7 
1969 OCT 27 13 16 2 33. 55 N 117 .81 IJ B 4i .0 4.5 
1969 OCT 31 10 39 29 33 43 N 119 .10 W 8 94 .0 4.8 
1970 SEP 12 14 10 11 34.27 N 117 .52 W A 80 .0 4 .1 
1970 SEP 12 14 30 53 34 .27 N 117 .54 W A 79 .0 5 .4 
1970 SCP 13 ~ 47 49 34 .28 N 117 .55 W A 79 .0 4.4 
1971 FEB 9 14 0 42 34 .41 N 118 .•W I.I B 69 .0 6.4 
1971 n:u 9 14 1 8 34 41 N 118. 40 W D 69 0 5 .8 
1971 FEB 9 14 1 33 34 41 N 118 .40 W D 69 0 4.2 
1971 ,·u.:: 9 14 1 40 3'1.41 N 118 .40 W () 69 0 4.1 
1971 FEB 9 14 1 50 34 41 N 118 .40 W D 69 .0 4.5 
1971 n::B 9 14 1 54 34 . 41 N 118.40 W D 69 .0 4 2 
97!. FEB 9 14 1 59 34 41 N 118 .40 W D 69 .0 4 .1 

1971 ri.:c 9 14 2 3 34.41 N 118 .40 W 0 69 .0 4.1 
i971 FEB 9 14 2 30 34 41 N 118 . 40 W D 69 .0 4.3 
1971 f'T:8 9 14 2 31 34 . 4t N 118.40 IN D 69 .0 4.7 
1971 FEB 9 14 2 44 34 41 N 118 . 40 W D 69 .0 5 8 
1971 rm 9 14 3 2'i 34 .41 N 118.40 W D 69 .0 4.4 
1971 FEil 9 14 3 46 34 .41 N 118 . 40 W D 69 .0 4.1 
1971 rrn 9 14 4 7 34.41 N 118 .40 W D 69 .0 4.1 
1971 FEB 9 14 4 34 34 .41 N 118 .40 W C 69 .0 4.2 
1971 rec 9 14 4 39 34 .41 N 118 .40 W D 69 .0 4. 1 
1971 FEB 9 14 4 44 34 41 N 118 .40 W D 69 .0 4.1 
1971 C-£B 9 !4 4 46 3,. _41 N 118 .40 W D 69 .0 4.2 
. 971 FE.B 9 14 5 41 34 .41 N 118 .40 W D 69 .0 4.1 
1971 rct.: 9 l<i 5 50 34 . 4t N 118 .40 W D 69 .0 4.1 
1971 FEB 9 14 7 10 34 41 N 118 .40 W D 69 .0 4.0 
1971 rm 9 14 7 30 34 .41 N 118 .40 W D 69 .0 4 .0 
!971 -rn 9 14 7 .ll5 34 .41 N 118 .40 I.I 0 69 .0 4.5 • 
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• YEAR HONTll DAY HA HlN Sf.:C LATITUUE LONG ITUllE Q OISTAIC£ OEPTH IW),IITlJOE 

1971 FEB 9 14 8 4 34 .:11 N 118.40 W 0 69 .0 4.0 
1971 r-EB 9 1.i; 8 7 34.41 N 118 .40 D 69 .0 4.2 
1971 FEB 9 14 8 38 34.41 N 118.40 W D 69 .0 4.5 
1971 fEB 9 14 8 53 34.41 N 118 .40 W D 69 .0 4.6 
1971 FEB 9 14 10 21 34 36 N 118 .31 W B 62 .0 4.7 
1971 FCB 9 14 10 28 34.41 N 118 .40 W D 69 .0 5.3 
1971 FEB 9 14 16 13 34 .34 N 118 .33 W C 60 .0 4.1 
1971 f"CB 9 14 19 50 34 .36 N 118 .41 W 0 64 ,0 4.0 
1971 FEB 9 14 34 36 34 .34 N 11B .64 W C 72 .0 4.9 
1971 fE~ 9 14 39 18 34 .39 N 118 ,36 W C 66 .0 4.0 
1971 FEB 9 14 4-0 17 34 .43 N 118 .40 W C 71 .0 4.1 
1971 rELl 9 14 43 /fl 34 .31 N 118 . 45 W 8 o0 .0 5.2 
1971 FEB 9 15 58 21 34 .33 N 118 .33 W B 59 .0 4.8 
1971 rrn 9 16 19 26 34 .46 N 118 . 43 W B 75 .0 4.2 
1971 FEB 10 3 12 12 34.37 N 118 ,30 W B 63 .0 4,0 
1971 rm 10 5 6 36 34 .41 N 118 ,33 W A 68 . 0 4.3 
1971 FEB 10 5 18 7 34 .43 N 118 .41 W A 72 .0 4.5 
1971 rEB 10 11 31 35 34 .38 N 118 ,4o W A 68 .0 4.2 
1971 FEB 10 13 49 54 34 40 N 118 .42 W A 69 .0 4.3 
1971 rrc 10 1A 35 27 34 .36 N 118 ,49 W A 67 .0 4.2 
1971 FEB 10 17 38 55 34 40 N 118 .37 W A 68 .0 4.2 
1971 r Etl 10 18 54 42 34 .4:> N 118 ,44 W A 75 .0 4.2 
1971 FEB 21 5 50 53 34 40 N 11B.44 W A 69 .0 4.7 
197 t tti 21 7 15 12 34 .39 N 118 .43 W A 68 .0 4.5 
1971 HAR 7 1 33 41 3.; 35 N 11B . 46 W A 65 . 0 4.5 
1971 HAR 25 cc· 54 10 34.36 N 118 .47 W A 66 ,0 4.2 
1971 MAR 30 8 54 43 34 30 118 .46 W A 60 .0 4 . 1 
971 l1AA 31 14 52 23 34.29 1 8.51 W A 61 ,0 4 .6 

1971 APR 1 15 3 4 34 43 118 .41 A 72 .0 4.1 
197 APR 2 • 40 25 34.28 N 118.53 W A 61 .0 4.0 
1971 APR 15 11 14 32 34 26 N 118 .58 W B 62 .0 4.2 
197] APR 25 1.:l 48 7 34 .37 N 118 .3 I.I El 63 .0 4.0 
L 971 JliN 21 16 1 8 34 27 N 118 .53 W B 60 .0 4.0 
1971 ..Jljj 22 10 41 19 33 . 75 N 17 . 48 W B 66 .0 4.2 
1973 FEB 21 14 ,;5 57 34 06 N 119 . 03 W B 83 .0 5.9 
1974 i".All 9 0 54 32 34 .40 N 118 . 47 W C 70 .0 4.7 
1974 Al.C 14 14 a5 55 34 -l3 N 118 , 37 W A 71 .0 4.2 
1976 ~ 1 17 20 13 33 96 N 117 ,89 W A 32 .0 4.2 
1976 APR 8 15 21 38 34 .35 N 118 .66 W A 74 ,0 4.6 
1977 AU; 12 2 19 26 34.38 N 118 46 W C 68 0 4.5 
1977 ~tP 24 21 28 24 34 .46 N 118 .41 W C 75 .0 4.2 
1978 MAY 2~ 9 16 51 33 .91 119 ,171,J C 91 .0 4.0 
1979 JAA 1 22 14 39 33 .94 N 118 . 68 W 8 48 .0 5 .0 
1979 OCT 17 20 52 37 33 . 93 N 118 .67 W C 46 .0 4.2 
1979 OCT 19 le 22 38 34 .21 N 117 .53 W B 76 .0 4.1 
198 SCP 4 15 50 50 33 .67 119 . 11 IJ C 97 .0 5.3 
~l OCT ?3 17 28 17 33 .63 N 119 . 02 W C 79 .0 4.6 

1981 OCT 23 19 15 52 33 . 64 N 1 9.06 W C 83 0 4.6 

• 
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• 
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• • * * S E A R C H O F E A R T H Q U A K E O A T A F I L E 1 * * S J 

* * * 

SITE : ADE-·85005-10 SCPC LONG BEACH 

COOADINATES OF SIT[ .... . .... 33 81 N 118 .19 W 

O!STAHCE PER DEGREE 

liAG,j!TUDE L tHITS 

110 .9 ~K-N 92 .6 KH-,1 

4.0 - 8 . 5 

ID'\POAAl H-IITS . . . . . . . . . . . . . . . . . . . . 1932 - 1981 

SEAIOI RADIUS mo . . .. . . . . . .. . . . . . . . . .. . . 100 

t«JliBER OF YEAPS OF DATA . . ... . . ... . .. . . . ~0 

NUMl:l1-1 OF EMTHQUAKCS IN rILE 

NUMBER [IF EAR™J~KES IN AREA 

2789 

290 

i * * * * L E R O Y C R A N D A L A N D A 5 S O C A T E 5 

L O S A N G E L C S 





• 
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YEAfl MONTI! DAY 

1910 HAY 15 
1923 .J.1. c3 
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LIST CF HISTORIC EAR~UAKES CF MAGNITUDE 6.0 OR 
GREATER WITHIN 100 KH OFT~ SIIT 

!RICHTER DATA 1906-19311 

HA HIN sec LATITUDE LONGITUDE g 0ISTMCE: 

15 47 0 33.70 N 117 .40 W D 74 
7 30 26 34 .00 N 117.25 W D 90 

oo,rn ~nuoe: 

.0 6 . 0 

.0 6 .3 

* * * * S E A R C H O F E A R T H Q U A K E D A T A F I L E 2 * * * * 

* * * 

SITE: AOE-85005-10 SCPC LCM:; BEACH 

33.81 N l 18.19 ~ COORDINATES OF SITE 

DISTANCE PER DEGREE 

l"AGNITUOE LIHITS 

TEMPORAL UHITS 

110 . 9 KH-N 92.6 k.tH 

6.0 - 8.5 

1906 - 1931 

100 

26 

SEARCH RADIUS O'.ril 

NUMBER OF YEARS CF DATA 

l{jMB(k CF [ AiH"HQUAKES IN FILE 

NUMBER CF EARTHQUAkES IN AREA 2 

l * * * l L E R O Y C ~ A N O A L L A N D A S 5 0 C I A T E 5 

L O S A N G C l C 5 
* * * * * 
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LIST IF HISTORIC EARTHQUAKES CF l'IAGNITUOE 7.0 QA 
G!l:AT£~ WITHIN 100 KH IF Tl£ SITI: 

(fl'OAA/CDHG OATA 1812-1905) 

YEAR HOOH DAY HR HIN SEC LATITUDE L!KITUOE Q OISTW'.:E DEPTH iw;NITUOE 

1890 FEB 9 6 0 34 00 N 117 .50 W D 67 .0 7 .0 

s * * * S C A R C H O F E A R T H Q U A K E O A T A r I L E 3 * t t t 

* * * 

SIT( : A!lE-0J005-10 SCAC LONG C£ACH 

COORDINATES OF SITE 

OIST~CE PEA OEGREI 

MAGNITUDE LIMITS 

TCMP1JRAL LIMITS 

33.81 N 118.19 W 

110 .9 Klt-N 

SEARCH RADIUS (KH I 

~JMBER Cf" YEARS OF DATA 

~i'IBER OF EARTHQUAKES IN FILE 

ilJMBER OF CARTHl1UAK£5 IN AA£A 

r 

92 . 6 KH-lol 

7 .0-85 

1812 - 1905 

100 

9 

1 

L C ~ 0 Y C A A N D A L L A N D A 5 5 0 C I A T E 5 

l O 5 A N G E L E S 

* * * * * 
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TABLE 0- 1 
Sheet 9 of 11 

S U N H A R Y O F E A R T H Q U A K E 5 C A R C H 

* * * 

NUl'illE~ CF HISTORIC CART~KES WITHIN 100 KH RAOIU!i CF sm: 

r!AGNITUDE RANGE tiliBER 

4.0 - 4.5 203 

4.5 - 5 .0 62 

S. O - 5.S 18 

5.5 - 6 0 5 

6.0 - 6.5 4 

6.5 - 7.0 0 

7. 0 - 7.5 1 

7 .5 - 8 0 0 

8. 0 - 8.5 0 

* * * * * 

I * * * l L C R O Y C A A N O A L L A N O A S S O C I A T E S l * * * t 
L O 5 A N G E L E S 
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t * a * C O M P U T A T I O N O f R E C U R A E N C E C U A V E 

L O G N = A - B H 

* * • 

BIN MAI.NI TUOC RANGE t,IO/YR (NI 

4.00 4.00 - 8.50 5.Sc 

~ 4.50 4 .50 - 8 .50 1. 76 

3 5.00 5 00 - 8.50 .519 

4 5.50 5.50 - 8.50 .159 

5 6. 00 6.00 - 8.50 .585E-01 

6 6 . 50 c .. ~o - e.so -~-02 It.I 

1 7.00 7.00 - 8 .50 . 588€-02 NIJ 

8 7.50 7.50 - 8 .50 .000 

9 8.00 8.00 - 8. 50 .000 

A = 1-124 B = .5586 (N0At'Al..1Z£DI 
A= 4.779 0 = 1. 0080 SIGM = .339£-01 

* * * 

L [ R O Y C A A N O A L L A N O A 5 5 0 C I A T E 5 t * * l * 
L O S A N G E L E S 
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TABLE D- 1 
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S * s * * C D M P U T A T I O N O F O E S I G N H A G N I T U O E * * * * * 
C O N 5 T A N T A R E A 

* * * 

TABLE OF DESIGN 11AGNITUC£5 

RIS K RETURN PERIOD !YEAR~) DESIGN l'iAGNITUUE 

D£5IGN LIFE !YEARS) 
2J 50 75 100 25 50 75 100 

.01 2487 4974 7462 9949 '' 7.96 8 .15 8.24 8.29 

.05 4C7 974 1462 1949 . ' 7.37 7.64 7.79 7.89 

.10 ?37 474 711 949 7 .GS 7.36 7.52 7.63 

.20 112 224 336 440 ' . 6.77 7.06 7.22 7.34 

rio 70 140 2l0 280 6 57 6.86 7 .03 7.15 

.50 36 72 108 144 6- 28 6.58 6.75 6.87 

.70 20 41 62 83 . ' 6. 05 6.34 6.52 6.64 

.90 10 21 32 43 5.77 6.07 6.24 6.36 

MHIN == 4.00 liliAX : 8.50 
HU :: 5.58 CETA = 2.321 

• ' * 

.I * .. :t * L C R O Y CRANDALL A N D A S 5 0 C I A T E S • * * * * 
L O 5 A N G E L E 5 
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Boring No. 1005 

Characteristic Site Period: 

Location: Bixby Bridge 

(1) Postulated Geotechnical Profiles Below Ground Surface: 

Depth Below 
Ground Surface 

(Feet) 

0 4 
4 - 45 

45 - 60 
60 - 100 

100 - 150 
150 - 200 

200+ 

Depth Below 
Ground Surface 

(Feet) 

0 - 10 
10 - 45 
45 - 60 
60 - 100 

100 - 175 
175 - 250 

250+ 

Profile A 

Layer Thickness 
(Feet) 

4 
41 
15 
40 
so 
so 

Profile B 

Layer Thickness 
(Feet) 

10 
35 
15 
40 
75 
75 

*Extrapolated below 60 feet below ground surface. 

(2) Range of Characteristic Site Period: 

Ts= 0.8 to 1.0 sec 

Shear Wave 
Velocity 

(Ft./Sec.) 

600 
830 

1250 
1250* 
1500* 
2000* 
2500* 

Shear Wave 
Velocity 

(Ft./Sec.) 

600 
830 

1250 
1250* 
1500* 
2000* 
2500* 

SITE PERIOD DETERMINATION 

FIGURE D-1 
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Boring No . 1027 

Characteristic Site Period: 

Location: Willow Street Station 

(1) Postulated Geotechnical Profiles Below Ground Surface: 

Profile A 
Depth Below 

Ground Surface Layer Thickness 
(Feet) . (Feet) 

0 - 21 21 
21 - 41 20 
41 - 60 19 
60 - 100 40 

100 - 150 so 
150 - 200 50 

200+ 

Profile B 
Depth Below 

Ground Surface Layer Thickness 
(Feet) (Feet) 

o - 21 21 
21 - 41 20 
41 - 60 19 
60 - 100 40 

100 - 175 75 
175 - 250 75 

250+ 

*Extrapolated below 60 feet below ground surface. 

(2) Range of Characteristic Site Period : 

Ts= 0.8 to 1.0 sec 

Shear Wave 
Ve l ocity 

(Ft./Sec.) 

700 
950 

1200 
1200* 
1500* 
2000* 
2500* 

Shear Wave 
Velocity 

(Ft . /Sec . ) 

700 
950 

1200 
1200* 
1500* 
2000* 
2500* 

SITE PERIOD DETERMINATION 

FIGURE D-2 
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Boring No. 1057 

Characteristic Site Period: 

Location: 1st Street Station 

(1) Postulated Geotechnical Profiles Below Ground Surface: 

Depth Below 
Ground Surface 

(Feet) 

0 - 9 
9 - 40 

40 - 60 
60 - 100 

100 - 150 
150 - 200 

200+ 

Depth Below 
Ground Surface 

(Feet) 

0 - 9 
9 - 40 

40 - 60 
60 - 100 

100 - 175 
175 - 250 

250+ 

Profile A 

Layer Thickness 
(Feet) 

9 
31 
20 
40 
50 
50 

Profile B 

Layer Thickness 
(Feet) 

9 
31 
20 
40 
75 
75 

*Extrapolated below 60 feet below ground surface. 

(2) Range of Characteristic Site Period: 

Ts ~ 3/4 to 1.0 sec 

Shear Wave 
Velocity 

(Ft./Sec.) 

630 
1000 
1330 
1330* 
1500* 
2000* 
2500* 

Shear Wave 
Velocity 

(Ft. /Sec.) 

630 
1000 
1330 
1330* 
1500* 
2000* 
2500* 

SITE PERIOD DETERMINATION 

FIGURE D-3 




