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PRELIMINARY GEQTECHNICAL ENGINEERING STUDIES
LONG RANGE PLANNING PROGRAM
WEST NEWPORT OIL COMPANY

INTRODUCTION

This report presents the results of the Phase I preliminary
geotechnical planning studies for the West Newport Oil
Company's Long Range Planning Program. This site
encompasses approximately 500 acres of land north of the
Pacific Coast Highway and east of the Santa Ana River, in an
area partly within the City of Newport Beach, as shown on
Figure 1. Specific elements of work completed for this
study include a review of the available geological and
geotechnical information, a review of subsurface data
regarding faulting contained in the files of the West
Newport 0Oil Company, two days of field reconnaissance, and
drilling of four boreholes and eight cone penetrometer tests

in the lowlands area of the property.

This report describes our present understanding of the

following geotechnical considerations:
° Surface Faulting
° Potential for Soil Liquefaction
° Slope Stability and Erosion
¢ Geotechnical Evaluation cf the Lowland Area

® Potential for Tsunami Run-up



° Potential for 0il Field Subsidence

° Groundwater Characterization Beneath the Site
The following Executive Summary summarizes the general
conclusions that may be drawn for each of the above

considerations based on the presently available data.

EXECUTIVE SUMMARY

A branch of the s=Etixe Newport-Inglewood fault zone crosses
the southwestern portion of the property. This tectonic
feature and the fact that the site is located in a seis-
mically active region introduce concerns regarding the
potential for future surface fault rupture and liquefaction
along with other geotechnical considerations typically
associated with developments in southern California. Our

general conclusions are as follows:

° The North Branch of the Newport-Inglewood fault zone
appears to cross the lowland portion of the property
and trends out to sea southwest of the mesa. Based
on evidence found elsewhere along the North Branch

fault, it should be assumed that it 1is active

although evidence of Holocene displacement has not

—_—

been documented in the lowland portion of the

property. Surface exposures of faulting do appear on

—_—

ud\xAA» the mesa portion of the property. These features are

oV inferred to represent a splay fault off of the North

r
?D\y“wjaf Branch fault. The evidence presented by Guptill and

Heath (1981) suggesting Holocene and possibly recent
surface rupture along this splay fault was not
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“krows—£fault __exposyres
ed € kno Lot exposiares
detail, an&:te-investigaﬁbng&bﬂruiﬂﬂaiiaﬂgfalong the

X L
trend of this faulé{f? resolve its activity and to
better define the faults' width for planning

purposes.

Clayey soils at the site are not expected to
experience high pore water pressure or significant
loss of strength due to earthquake loading.

For the planning purposes of this -~preliminary
evaluation, a reasonable selection criterion for the
proposed development would be a peak acceleration
value of 0.25g and magnitude = 7 corresponding to an

average return period of 200+ years.

Above a depth of 10 to 12 feet the likelihood of
ligquefaction is high. Below a depth of 10 to 12 feet
the likelihood of liquefaction is 1low (FS = 1.25)
except in localized areas where layers of loose soil
less than 2 to 3 feet thick may occur. Based on the
preliminary data from CPT's these layers are not
likely to be continuous over the entire site. It
would be prudent to stabilize soils above a depth of
10 to 12 feet. This could be accomplished by removal
and replacement with compacted soil in areas of
important structures. It could also be accomplished
by in-place densification using dynamic compaction or

compaction piles.
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For planning purposes slopes on the site should be no
steeper than 2:1 and adequate drainage and planting

measures should be incorporated to control slope

erosion.
UJLLAJL_

The tog 4 to 10 feebP of in situ material may not be
available for most structural fills because of the
presence -efF—eit—amet soft highly plastic soils. These
soils could only be used as fill in selected
locations or if special procedures are followed.
Below 4 to 10 feet the soils would be suitable for
use as structural fills provided they are properly

compacted.

The following construction costs may be used for

feasibility-level planning purposes.

—-- One to two dollars per cubic yard to excavate and

recompact existing soils.

-- Nine to fifteen dollars per cubic yard to excavate
and dispose of unsuitable materials and replace
with suitable compacted engineered fills, assuming
the unsuitable materials are not characterized as

hazardous waste.

Tsunami run-up is unlikely to be a major constraint

to planning the proposed development.

Based upon available information, oil field

subsidence does not appear to be a major planning

consideratione -altheugh—because—of—its—ocecurrence—in-
l —fioid , 3 , _ —_

. £ . ; 1 .



¢ The Talbert aquifer underlying the site has an
estimated transmissivity of about 80,000 gallons per
day per foot, and 1is estimated to be capable of
supplying approximately 2,000 gallons per minute to a
properly constructed well. These estimates can be
used  in planning to compare with needs for flushing
Qéé;eens. Concentrations of chloride are above the
recommended U.S. Drinking Water Standard. Although
the water may be unfit for human consumption, it does
not appear that this water is unsuitable for human

contact, based on the data reviewed.

The sections that follow describe the results of our studies

in more detail.

SURFACE FAULTING

h)Laﬁ- W Aaneant o odl —
b~ et on oo Q&{Q;E:iizb?’bo

General
The site 1is within the Newport-Inglewood Zone of Deforma-

ctiée fault zone that extends across the south-

tion, an
western portion of the Los Angeles Basin from the City of
Beverly Hills on the northwest to the City of Newport Beach
on the southeast, where it crosses the shoreline as shown on
Figure 2a. The zone projects offshore farther toward the

south.

Barrows (1974) presents a map showing several faults in the
vicinity of the site associated with the Newport-Inglewood
fault zone. Figure 2b is a modified version of Barrows
(1974) map showing some of these traces, including those

that cross the site.
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study consideréé-th Newport-Inglewood fault zone -for-

site of the proposed development during-—an—earthguake. In

considering the potential for surface -fault rupture, we
reviewed previous literature regarding the location of the
fault, data in the files of the West Newport 0il Company,
and we conducted a bkrief field reconnaissance of the site
with personnel of West Newport O0il Company. Based upon
these data, we plotted zones for use in land use planning in

which surface £aulting is most—likely—tobeYocated—if—the-
Lol MO . \ .
Eaﬂ%txrupturehoccurg during the life of the project (Plate
1). The o0il field data appear to be the best overall data
presently available to map the locations of the faulting at
depth beneath the site, and exposures in several areas shown
on Plate 1 are useful to identify locations of faulting near

the surface.

Field Reconnaissance and Data Review

Data in the files of the West Newport 0il Company confirmed
that within the limits of the property the branch of the
Newport-Inglewood fault zone with the largest stratigraphic
separation is found in the lowland area and trends southward
of the mesa, as shown in Figure 2b. This fault is referred
to as the North Branch fault (Barrows, 1974; CDWR, 1966;
OCWD, 1979-1981). Most of the stratigraphic separation due
to faulting has taken place in pre-Pliocene time. Based
upon current data, approximately 400 feet of vertical
stratigraphic separation occurs across the North Branch
fault at depths on the order of 1000 to 1500 feet below sea
level, with the stratigraphic separation of progressively
younger (and higher) units likely being no more than 40 to
50 feet. '
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The North Branch fault is identified within the West Newport
0il field, to the northwest of the oil field, and offshore
to the south of the o0il field. The trace of the North
Branch fault as mapped elsewhere along the Newport-Inglewood
fault zone such as in Bolsa Chica shows evidence of Holocene
displacements (CDWP, 1968; Woodward-Clyde Consultants,
1984a). The dip of the fault immediately south of the site
in the subsurface, at depths of approximately 1500 to 2000
feet, 1is constrained to 82°W, based upon o0il field data.
However, as the fault nears the surface its dip may become
Steeper. The width of the planning zones shown for the
North Branch fault on Plate 1 are based on these possible
variations in the dip of the fault. The eastern side of the
zone is based on projecting the fault to the surface with a
dip of 82°W. The western limit of the zone assumes that the
fault becomes vertical as it nears the surface. In all
likelihood, the fault has an average dip that |is
intermediate between these two values. The width of the
zone defined by these possible variations in the dip of the
fault averages approximately 200 feet at the surface. The
location was checked by comparing selected well logs along
the eastern margin of the zone with well logs in and west of

the zone.

Another fault was mapped across the mesa portion of the
property by Hunter and Allen (1956), by Guptill and Heath
(1981) and was found exposed in surface exposures during
this study. A fault, which may correlate with the fault
found on the mesa, was mapped in the subsurface by the West
Newport 0il Company. At a depth of about 1000 to 1500 feet
below sea level, the fault reportedly has approximately 100
feet of vertical stratigraphic separation. Due to the

significantly less stratigraphic separation in relation to
\.

g,



that found at depth on the North branch fault, this fault
which crosses the mesa is inferred tp—be_a splay fault off
of the North Branch fault. The [ location of this
splay fault, as shown in Figure 2b, was based upon subsur-
face data, but it also closely approximates the location of
the fault as mapped at the surface by Guptill and Heath
(1981). The width of the planning =zone along the splay

fault as shown on Plate 1 was based upon extending the dip
of the splay fault to the surfﬁﬁ%ugézgiigiTassumption that
the dip is approximately 80°W. RTthUUQﬁAat the surface, the
fault might @ have individual en echelon traces that

are rotated clockwise from the subsurface trend, as 1is

suggested by the 1locations where faulting was observed

during reconnaissance for=this study @at the south end of the ©

property. There, the fault traces exposed at the surface as
Tep ed by Guptill and Heath trend approximately NI10°W to
N1l5°W, whereas the fault at depth reportably trends

approximately N40°W. reEe h1

The splay fault where exposed at the surface appears to be a
very narrow zone of deformation. Near the south end of the
property, Guptill and Heath identified three locations where
the fault is exposed. At each, the fault is at most a few
feet wide. Accordingly, if the individual fault traces were
to be mapped in detail within the broad planning zone on the
mesa, the width of the individual traces would likely be on

the order of a few feet.

At location C (Plate 1), which is site 1 of Guptill and
Heath (1981), the fault was excavated during this study by
trenching into a narrow gully. The excavation showed
possible landsliding or a landfill in part of the cut, but
at least one planar rupture extended to greater depth than
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the apparent landsliding, and may indeed represent a fault

trace. The excavation was not logged.

.{

—

Excavations were| also made during this study along a stee
slope near well , at the southern end of the property,
Site B on Plat This location is site 2 of Guptill and
Heath (1981) where they reported displacement of a soil
horizon by the fault. No fault could be identified in an
excavation north of the well on a north-facing slope,
because the area had been previously disturbed by an dld\\q
drilling sump} i ' ;i '
base of the glope south of well 320, an excavation was cut

into bedrock along a projection of the fault trace. The
excavation revealed bedded units that were stained orange to
red along selected bedding planes. Within the excavation no
faults were observed displacing the bedding planes although\d

sure was not logged in detail.

An excavation was also placed at Site E on Plate 1, where a

local thickening of the terrace deposits above bedrock was j55
identified by geologists with the West Newport O0il 2,
Company. The excavation revealed that the rapid thickening

is along a weathered slope on bedrock, with no evidence of Sé%kk
faulting observed in the so0il materials that were exposed.

The most likely interpretation of this relationship is that

the terrace deposits filled an old channel cut into the
bedrock. Accordingly, no fault was plotted on Plate 1,
however the location is shown for reference purposes.

The North Branch of the Newport-Inglewood fault zone appears

to sea southwest of the mesa. Based on evid

elsewhere along the North Branch fault, it should Ye assumed
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that this is active although evidence of Holocene displace-
ment has not been documented in the lowland portion of this
~, property. Surface exposures of faulting do appear on the
» mesa portion of the property. These features are inferred
to represent a splay fault off of the North Branch fault.
The evidence presented by Guptill and Heath (1981)
suggesting Holocene and possibly recent surface rupture
along this splay fault was not readily apparent during this
study. -In—order—to—provide—documentation—for—Ceastal
C9mmissien——aﬂd—1ﬁﬂﬁﬁr—fegﬁ%atefy——fevéimh-%édditional field

studies are required in other locations along the trend of
this splay fault to resolve its activity and to better

define the faults width for planning purposes.

POTENTIAL FOR SOIL LIQUEFACTION

General - This section discusses the potential for soil
liquefaction in the lowland area of the site. Specifically
the subsections that follow describe the field investigation
and laboratory testing completed for this study to
characterize the subsurface soils. Also described are the
estimated earthquake ground motions, the 1liquefaction
potential at the site, the general consequences of so0il

liquefaction and possible mitigation measures.

Field Investigation - The field investigation at the site

was completed between 8 February 1985 and 20 February
1985. It included drilling 4 exploratory rotary wash
borings and 8 cone penetrometer tests (CPT). The
exploration was completed at each of four areas within the
site, as approximately located on Figure 3a. Within each of
the four areas, one boring and two CPT's were completed.

The specific locations of the borings and CPT's are shown in
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Figure 3b. Backhoe pits were excavated at selected boring
and CPT 1locations to check the <classification of near
surface soils above the water table and check the depth to
the water table. The specific data relating to drilling and

CPT exploration are presented in Appendix A.

Laboratory Testing - Laboratory testing was completed on

samples obtained from borings and test pits. The tests that
were completed included moisture content determinations,
Atterberg Limit tests, grain size analyses, and organic
content determinations. Selected results of the tests are
summarized in Table 1 and more details are provided in

Appendix B.

@J<
Subsurface Characterization - The surface elevatioT at all
boring locations varied between about +3 and +6 feet! Based

on the logs of borings and CPT's presented in Appendix A,
the subsurface scils in the lowland area of the site
generally consist of about 4 to 10 feet of soft to medium
stiff silty clay with 1lenses of 1loose silty and clayey
sand. This layer is generally underlain by loose silty to
clean sand which generally grades to dense at depths of
between 10 and 12 feet and extends to the maximum depth
explored, 51.5 feet. Summary stick logs and CPT tip
resistance logs are presented for each of the four areas

investigated in Figures 4, 5, 6, and 7.

The CPT data indicate some localized low to medium dense
sand layers less than two to three feet thick at locations
B-2, D-1, and D-2 at depths of 22, 35, and 37 feet,
respectively. Other isolated layers that might be in the
medium dense range were noted at locations B-1 at depths of
17 and 23 feet, and in C-2, and D-2 at depths of 42, and 30

feet, respectively.



-12-

All standard penetration test results {corrected for effec-
tive overburden pressure) were plotted with depth in Figure
8. In addition, the CPT results representing the localized
loose to medium dense and medium dense layers of sand were
approximately converted to Nj values and plotted on Figure
8. It is noted that except for the localized low CPT
values, CPT data were in general agreement with Nj data. As

can be noted on Figure 8, some Nj yalues have been corrected
for grain size based on data summarized in Table 1. It is

noted that based on the Atterberg Limits and moisture
contents presented in Table 1, the clayey soils at the site
are not expected to experience high pore water pressure or

significant loss of strength due to earthquake loading.

Ground Motion - The proximity of faults to the site and

their estimated maximum magnitudes are shown on Figure 2a
and summarized in Table 2. No specific evaluation of
earthguake ground motions was completed in this preliminary
evaluation. However, based on available information from
nearby sites with similar proximity to these faults, it
appears that a reasonable selection criterion for the
proposed development would be a level of shaking corres-
ponding to an average return period of 200+ years. The
possible range of peak horizontal acceleration (weighted
with respect to magnitude, m = 7} is of the order of 0.2 to
about 0.3 g. For the purpose of this preliminary evalua-
tion, a value of peak acceleration of 0.25 g and m = 7 are
considered in the liquéfaction potential evaluation dis-

cussed below.

Ligquefaction Potential - Based on the foregoing discussions

regarding subsurface characterization and ground motions, a



-13-

preliminary liquefaction analysis was made using the simpli-
fied procedure suggested by Seed and Idriss (1982). This
evaluation assumes no major change in grade and a water
table depth at 4 feet below grade. Curves of mean and
minimum Nj values plotted with depth are shown on Figure
9. Localized areas where CPT data indicate possible looser
cohesionless scils are also plotted in terms of approximate
Ny wvalues at their appropriate depths in Figure 9. In
Figure 9, in addition to the curves summarizing measured
data, a shaded curve is presented showing the critical Ny
(ie, Njc) for which the factor of safety of 1.0 is
calculated for liquefaction. It can be noted on Figure 9
that for values of Nj to the left of or near the Njg curve,
the potential for liquefaction is high. Conversely, for
values of N) to the right of the Njc curve, the potential
for liquefaction 1is low. Based on the results of the
preliminary analyses summarized on Figure 9, we have

developed the following preliminary conclusions:

l. Above a depth of 10 to 12 feet the likelihood of lique-

faction is high.

2. Below a depth of 10 to 12 feet the likelihood of lique-
faction is low (FS = 1.25) except in localized areas
{(layers of loose soil less than 2 to 3 feet thick).
Based on the preliminary data from CPT's these layers
are not likely to be continuous over the entire site but
could be continuous locally as indicated for Site B and

Site D on Figure 9.

Consequences and Potential Mitigation Measures -~ The poten-

tial consequences of ligquefaction based on the foregoing

analysis are summarized as follows:
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l. PFor soils above a depth of 10 to 12 feet the potential
consequences of soil liquefaction are settlement and
possible lateral spreading (horizontal movement of soil
of several feet). The lateral spreading would require a
slope of a few degrees from horizontal or a change in

grade caused by a wall or bulkhead.

2. For soils below 10 to 12 feet the likely consequences of
soil liquefaction would be localized settlement of less
than about 1-inch. The extent of the localized area of
settlement will need to be evaluated in more detailed

studies as discussed below.

Based on the above conseguences it would be prudent to
stabilize soils above a depth of 10 to 12 feet. This could
be accomplished by removal and replacement with compacted
soil in areas of important structures. It could also be
accomplished by in-place densification using dynamic compac-—

tion or compaction piles.

It is noted that the above conclusions are based on very
limited data. This analysis is for the purpose of a pre-
liminary evaluation to identify potential problems related
to liquefaction. Before development plans are finalized, we
" recommend that appropriate field data be acquired, and a
more detailed analysis be made specifically to address the

proposed development plan.

SLOPE STABILITY AND EROSION

The geology of the site consists of sedimentary bedrock

units of Miocene and possibly Pliocene age covered by
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Quaternary San Pedro Sands and terrace deposits in the
mesa. In the lowland area, the Pleistocene sediments are
covered by Holocene alluvial floodplain units derived from
the Santa Ana River. As observed during the reconnaissance
of the site, all of the units exposed in the mesa appear to
be highly erodible; the deposits within the lowland are also
likely to be very erodible. Steep slopes on the property
underlain by the Pliocene sedimentary formations, the
Quaternary San Pedro Formation, and the terrace deposits all
have been extensively gullied. Accordingly, the planning
for site development should consider mitigating measures to

minimize soil erosion.

Slope stability of the geologic units on the péoperty is
generally good, although several small slumps and one small
slide were observed on the slopes of the property. Bedding
within the formations on the site is variable but generally
with a northwest to westerly dip orientation. Locally,
bedding dips steeper than 10 degrees and in some places may
be out of slope. Because of the potential for some slope
instability on steeper cuts, site planning should consider
that slopes be no steeper than 2 to 1 (horizontal ¢to
vertical). If selected slopes are required that are steeper
than this angle, they should be studied and, if appropriate,

stabilized.

Plate 2 shows the area -alomg—Ethe Blufif where slopes are

generally 2:1 or steeper. The plate shows one line along
the base of the present f, with another corresponding
line along the top of the;E%Ei?L;hat would represent the top
of a 2:1 slope from the base of the existing slope. Because
the present slope angles are highly wvariable, the lines

along the major breaks in slope are discontinuous. Lines
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generally are not shown where existing slopes, as observed
on the topographic base map, are flatter than 2:1.

The slope area may be planned for development from the
perspective of slope stability, provided the general
guideline suggested here is followed. Engineering geologic
studies will be required at a later time during the €£inal
design phases of the development; those studies will no
doubt refine the c¢riteria identified here for planning

purposes.

EVALUATION OF EARTHWORK FOR THE LOWLAND AREA

Two subjects are addressed in this subsection. First, the
suitability of near-surface and deeper soils for use as fill
materials are discussed. Second, approximate construction
cost estimates for earthwork and construction dewatering are

presented.

Fill Suitability - Generally, the top 4 to 10 feet of

in-situ material encountered in the borings and test pits
may not be suitable for most structural fills because of the
presence of wid—and seft—highlty plastie —soilsy TH——wome—

T = ——}——4 = . S1] ] =

soil does not contain o0il, the top—4—+to16—feet—generally
—gonsist—eof medium to highly plastic silty and sandy clays.
Laboratory test results indicated that these materials have

organic contents ranging between 1 and 4 percent. While the
organic contents of these soils are relatively low these

soils are generally difficult to compact and may yield
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relatively low strengths when compacted because of their
high plasticity. Also, these materials may be highly
expansive, based on plasticity tests, when subjected to
changes in moisture content and as such, would not be
advantageous for use below pavements, floor slabs, or other
concrete flat work. In summary, these materials can be used
as fill, but only in selected locations or if special

procedures are followed.

Below a depth of 4 to 10 feet, the materials encountered in
the borings would be suitable for use as structural fills,
provided they are properly compacted. These materials,
which include sands, clayey sands, and silty sands,
generally make good fill materials. They are relatively
easy to compact and yield relatively high strengths once

compacted.

Construction Cost Estimates - It is difficult to estimate

construction costs without an accurate development plan or
scheme. However, the following costs may be used for
feasibility-level planning purposes. These costs are based
on our experience and discussions with several contractors
familiar with the types of work for which cost estimates are

presented.

Earthwork c¢osts depend upon several variables, including
material type (see Fill Suitability), treatment and
compaction, location, and import/export quantities. To
remove existing soils and replace them as compacted engi-
neered fill, it generally costs between one and two dollars
per cubic yard. This cost estimate assumes little or no
haul distance and no unusual site conditions (rock outcrops,

dewatering, very hilly terrain, etc.). The costs to
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excavate and dispose of unsuitable materials vary greatly
depending upon the haul distance. For typical transport
distances (approximately 10 miles), costs generally vary
from $5.00 to §8.50 per cubic vyard. To replace the
unsuitable materials, it costs an additional $4.00 to $6.00
per cubic yard. For example, to remove unsuitable materials
and replace them with suitable compacted engineered fills,
costs generally vary between $9.00 and $14.50 per cubic
yard. This assumes that unsuitable materials are not

characterized as hazardous waste.

Costs for "special™ materials such as crushed rock or filter
rock, may average about $12.00 per cubic yard. This cost

includes transportation but not compaction (if required).

Dewatering costs are more difficult to accurately predict
than earthwork costs. This 1is because of the unigue
situation for each dewatering project, the limited
availability of experienced <contractors and projects
reguiring dewatering, and difficulty in estimating

dewatering flow rates, as well as several other factors.

The depth of excavation below the water level also greatly
affects dewatering costs. Costs increase substantially as
the depth of dewatering increases. Two approaches for
estimating dewatering costs are presented below. To dewater
an area about 200 by 500 feet in plan, 10 feet deep
(assuming a water level at 5 feet) it costs about‘$3.00 per
cubic yard for the first month {(about $110,000). The second
month, if required, would be less expensive because of the
elimination of the initial set up costs. If the depth of
dewatering increased to 15 feet (10 feet below the water
level), the dewatering costs increase to about $5.00 per
cubic yard ($275,000). '
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A second approach to help estimate the costs of dewatering
is evaluate the number of wells needed. To dewater to a
depth of 15 feet (for one month), each dewatering well costs
about §3,000. These wells are typically spaced at 50-foot
centers. Therefore, to dewater an area 50 feet by 2,000
feet (same plan area as before), approximately 40 wells are
required for a total cost of about $120,000. Notice that
this cost is significantly different from the cost in the
previous paragraph because, in this case, the dewatering is
for a narrow channel (aspect ratio of 40:1) and not for a

rectangular area with an aspect ratio of 2-1/2:1.

POTENTIAL FOR TSUNAMI RUN-UP

A tsunami is a sea wave generated by a submarine earthquake,
landslide or volcanic action. A major tsunami from either
of the latter two events is considered to be remote for the
site. BSubmarine earthquakes are common around the edges of
the Pacific Ocean. Accordingly, all of the Pacific Coastal
areas are subject to this potential hazard to a greater or

lesser degree.

Tsunamis travel across the ocean as powerful, long wave
length, low amplitude waves; perhaps 50 miles long and only
1 or 2 feet high. Travelling at almost 500 mph in the
Pacific, such a wave in the open ocean causes no problems,
and, in fact, the slope of the wavefront is 1likely to be
imperceptible to a ship at sea. However, as the tsunami
approaches the coastline, it is affected by the shallowing
bottom and the configuration of the coastline, which may
transform the waves into very high, potentially devastating
waves. If large waves dg not occur, strong currents, as

rapid as 40 feet per second, can cause extensive damage.
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The most damaging tsunamis are usually associated with
vertical tectonic displacements. Furthermore, observable
tsunamis are typically caused by large earthquakes of

magnitude 7-1/2 or greater.

If faulting were to occur along the Newport-Inglewood fault,
it likely would be primarily horizontal, based on present
information. The 1233 Long Beach earthquake of magnitude
6.3 occurred on the Newport-Inglewood fault system, and
apparently did not generate a noticeable tsunami. It is
guestionable that movement along the Newport-Inglewood fault
system could cause a significant tsunami affecting the study
area. Tsunamis can, however, be triggered by distant
earthquakes, as in the case of the wave that hit Crescent
City, California which was about 1,500 miles from the

triggering earthquake in Alaska.

It is not possible to predict the likelihood or magnitude of
a major tsunami. The Newport Beach area is afforded some
natural protection by offshore islands and offshore banks.
Tsunami damage from either the 1960 Chilean earthguake or
the 1964 Alaska earthquake was not reported at Newport
Beach. The chance of major damage from a tsunami is -rot—

. Von—
Yileely—to be—irigh for the coastal beaches and the mouth of

the Santa Ana River, and is neglible for other inland areas

upstream from this river mouth.

Based upon available information, tsunami run-up is unlikely
to be a major constraint to planning the development. In
the unlikely event that a major tsunami were to strike the
beach adjacent to the site, sighificant run-up is unlikely

to reach inland of Pacific Coast Highway, on the western
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margin of the site. Strong currents may develop in the
channels that are open to the ocean, and might cause damage
to a lagoon or marina. It is believed that tidal storm
surge is far more likely to affect the beaches adjacent to
the site, and possibly create high tides and strong currents
in a lagoon or marina on the site, if either should be

developed as part of the plan.

POTENTIAL FOR OIL FIELD SUBSIDENCE

The property covers the heart of the West Newport 0il
Field. The o0il field has been 1in operation since 1943
{Hunter and Allen, 1956), and will continue to be 1in
operation for the foreseeable future. New exploration wells
may also be drilled, in addition to reworking existing wells
to enhance production. With production of cil taking place
beneath the site, the potential for o0il field subsidence has

been raised as a potential concern.
Although the cause of subsidence in an area may be difficult
to assess, land subsidence may be linked to one or more of

the following:

® 0il reservoir compaction due to gas or fluid- with-

drawals.

° Lowering of hydraulic head due to groundwater

withdrawals.

° Surface loading, such as by heavy structures.

¢ Lack of preconsolidation of sediments, which settle

with time.



-22-

° Tectonic movements.
® Vibrations, due to land use or earthquakes.
° Chemical changes, such as oxidation of peat.

At this time the main potential concern for this property is
the potential for subsidence due to hydrocarbon withdrawal,
although there may be some potential for subsidence due to
groundwater withdrawal in the lowland area of the Santa Ana
- River flocdplain. Subsidence due to compaction of peat
deposits is unlikely'as peat has not been identified from

borings completed in the lowland portion of the site.

Land subsidence due to withdrawal of hydrocarbons has been
intensively studied at the Wilmington o0il field in Long
Beach., In that field, Mayuga and Allen (1969) reported that
total subsidence from 1928 through 1965 was as much as 29
feet, and was centered in the Port of Long Beach where
harbor facilities are dependent upon sea level remaining
fairly constant relative to the facilities. The subsidence
at the Port of Long Beach was reported to have cost
approximately $100 million for repairs and maintenance. The

major impacts of subsidence in Long Beach have been:

® Changes in ground elevation relative to sea level,
which necessitated filling, construction of dikes or
elevating structures, and modifying gravity flow

systems.

° Horizontal changes, lateral shifting of the ground

toward the center of the subsidence bowl, and
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breaking inflexible lines such as o0il well casings
(typically occurring during sudden shifts that

produced minor earthquakes).

® Cracking of the ground surface and accompanying

deformation of structures over the ground cracks.

0il field subsidence has been documented in 27 California
and Texas oil and gas fields as of 1969 (Yerkes and Castle,
1969). Of these, 20 are in California, with four in oil
fields along the Newport-Inglewood Zone of Deformation
(Dominguez, Huntington Beach, Inglewood, and Long Beach).
In Orange County, only the Huntington Beach field is known
to be assoclated with o0il field subsidence (Morton and
others, 1976); other land subsidence that has been docu-
mented in Orange County was due to ground water withdrawal
in Santa Ana (that subsidence was mitigated by a groundwater
recharge program that commenced in the Santa Ana River 1in
1949), and subsidence in areas of peat deposits in present
and former tidal marshes near the coast (Morton and others,
1976).

Because of the known subsidence in the area of the
Huntington Beach field, and the postulated subsidence
elsewhere along the Orange County coastline, the Orange
County Surveyor conducts an annual subsidence study along
Pacific Coast Highway, from—she—eoastal—bluffs—at Seal Beach
to the -ecxpeal pluffa—at Newport Beach. These studies have
consisted of establishing vertical bench marks, in 1976, and
measuring elevation changes annually. The changes in
elevation are based upon the assumption that the two end

points of the survey are relativeély stable.
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The coastal survey shows subsidence of the Huntington Beach
0oil field in excess of 0.1 feet from 1979 to 1983 for at
least 15 benchmarks, with maximum subsidence in excess of
0.6 feet near the intersection of Golden West Boulevard and
Pacific Coast Highway, which is considered the center of the

subsidence bowl.

South of Beach Boulevard to the area of Newport Boulevard
along Pacific Coast Highway, measurements of two bench marks
show subsidence in excess of 0.2 feet from 1976 to 1983, but
measurements of 9 other benchmarks show cumulative subsi-
dence less than 0.1 feet. 0f the two benchmarks showing
subsidence in excess of 0.2 feet, benchmark NB2-7-77 is
located out of the West Newport 0il field south of Superior
Boulevard, in an area near a known closed landfill where
methane gas is being vented at the surface. Accordingly, it
is unlikely that subsidence there is related to oil field
activities. Benchmark W-766 is located in the area of the
West Newport 0il field north of the intersection of Superior
and Coast Highway. That benchmark may be showing subsi-
dence. If so, it is the only benchmark with such indication
in proximity to the o0il field, in contrast to the 15
benchmarks showing subsidence in the Huntington Beach oil
field. Accordingly, the apparent subsidence at that
benchmark may be due to oil field operations, or an unstable
benchmark. In contrast, the adjacent bench marks to the
north (on the Santa Ana River channel) are relatively
stable, and the benchmark to the south (at Superior and
Coast Highway) showed small elevation gains in 1981 and 1982

and an elevation loss in 1983.

Although subsidence has not been identified in the West
Newport 0Oil field, the apparent lack of subsidence may be

due to the following factors:
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® Relatively thin oil-producing horizons, where
recovery averages only 38% of the o0il in the

reservoir horizons, and the oil is quite viscous.

¢ A natural water drive in the field that appears to be
replacing at least some portion of the hydrocarbons

being removed.

® Partial replacement of hydrocarbon fluids by steam
injection, used as a secondary recovery technigue in

some parts of the field.

In summary, based upon available information, ground
subsidence due to o0il field operations has not been
identified in the West Newport 0il field, although minor
subsidence may have occurred but gone unnoticed. One
benchmark surveyed annually by the Orange County surveyor
since 1976 may suggest subsidence, but data are not
available for a thorough analysis of the entire oil field.
If major subsidence were to occur, it would 1likely be
centered 1in the areas where the greatest withdrawal of
hydrocarbons is taking place and where those fluids are not
being replaced. Based upon available information, oil field
subsidence does not appear to be a major planning considera-
tion. 4t may, however, beeceme—a permitting issue for site—
developmento

GROUNDWATER CHARACTERIZATION

The groundwater beneath the West Newport 0il Company site
lies in the Santa Ana Gap portioh of the Anaheim Groundwater

Basin (Department of Water Resources, 1966}.
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The Anaheim Groundwater Basin is a coastal synclinal basin
with a forebay and pressure area. The forebay is north of
the Santa Ana Freeway and is where most of the recharge to
the Anaheim Groundwater Basin occurs. The Santa Ana Gap
region is in the Anaheim Groundwater Basin pressure area.
The pressure area consists of confined aquifers underlying a

semiperched water table.

The principal aquifer of interest underlying the West
Newport 0il Company facility is the Talbert aquifer.
Assessing the feasibility of using the Talbert aquifer
involves: determining aquifer hydraulic characteristics;
pumping lifts; potential well capacities; and determination
of any water quality constraints.

Table 3 (Sinnott and Poland, 1959) shows specific capacity
data for nearby wells perforated in the Talbert aquifer.
Specific capacity wvalues range from 37 to 82 gallons per
minute/foot of drawdown. A rough estimate of the range of
transmissivity (derived from the reported specific capacity)
of the Talbert aquifer near the West Newport 0il Company
facility is approximately 80,000 gallons per day per foot.

The Talbert aquifer extends from a depth of approximately 50
to 150 feet below sea level. Assuming a static water level
of about mean sea level and assuming that the top of the
Talbert aquifer is at about -50 elevation, the aquifer and
specific capacity data indicate that a properly constructed
well in the Talbert aquifer should be capable of producing

about 2,000 gallons per minute.
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Concentrations of chloride are elevated above the recom-
mended U.S. Drinking Water Standard (250 mg/l). The
elevated concentrationé are due to seawater intrusion caused
by overpumping of the Anaheim Groundwater Basin. However,
following development of the Talbert Barrier, chloride
concentrations have remained relatively stable due to
control of seawater intrusion. Figures 10 and 11 show
chlorine isochlors for the Talbert aquifer in 1963 and
1981. The location of the Talbert Barrier is shown in

Figure 12.

The closest extraction well to the West Newport 0il Company
facility is well number P-10 (Figure 12). To develop a
water resources program at the West Newport 0il Field
without causing adverse water quality impacts, the area
around P-10 should be investigated as a possible site for
future wells. Since there is already an extraction well in
that area being used as part of a seawater intrusion
barrier, this would be the most likely area for additional

water resources development.

Water quality in the Santa Ana gap north of the sea water
intrusion is very good. The water has a sodium/calcium
bicarbonate character with a total dissolved solids range of
200 to 500 ppm (DWR Bulletin 147-1, 1966).

Where seawater intrusion has occurred, total dissolved
solids concentration has been as high as 6,250 ppm (DWR
Bulletin 147-1, 1966). Although the high total dissolved
solids content make this water unfit for human consumption,
seawater intrusion, alone, does not make the water

unsuitable for human contact.
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woater olerient

For purposes of flushing a lageemr—or—marimm—either of the
above waters appear to be sujtable Several options are
available for flushing a Musing existing
sources of groundwater. These include: purchase of water
from wells which have bheen abandoned due to salinity

intrusion; and purchase of water from other water wells in

Orange County.

Wells south of the Santa Ana gap salinity barrier have
already been subject to saline intrusion. Numerous public
and privately owned water wells exist within a two mile
radius of the West Newport 0il Field. It may be possible to
purchase water from the owners of these wells. If the
owners are no longer able to use the well(s), permission to
use the well may be easily obtained. Locations of wells and
well owners <can be obtained through the California
Department of Water Resources or through the Orange County
Water District.
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TABLE 1

SUMMARY OF LABORATORY TEST RESULTS

Depth ¥ W, Wp tp Dsy £ Passing % Flner
Locatlon  {(feet) usc Molsture 1 H ) ] mm #200 Mesh than ,005 mm
A-1 2.5 CL 33
A-1 5 CL/CH 75 62 33 29 0.005 94 50
A-1 " 6.5 SP/SC 36 27 18 9 0.20 9 4
A-1 15 SP/SM . 0,20 6 2
A-1 20 SP/SM 7 0,22 9 2.5
A~ 40 SP 0,30 5 2
A-2 3 ML 39 0.05 80 8
B-1 5 SM 39 0.16 13 4
B-1 10 SC 41 27 16 1 0.1 38 8
B-1 35 SM 0.12 18 5
B-1 2 CL/CH 38 62 3 3 0.004 98 53
C-t 5 5P/5M 47 0.18 9 3
c-1 5 CL 41 17 24
c-1 10 SP/SM 0.7 1 3
C~1 15 M - 0.13 t4 3
.C—l 25 SP/SM 0.18 1 4
C-1 . 45 SP/SM ' 0.22 8 4
Cc-1 50 CL/CH 33 50 22 28 0.0035 82 55
TP-C-2 2,5 CL/CH 45 54 28 26 0.0008 98 38

D=1 2,5 ML/CL 39



TABLE 1 (Continued)

Depth ] W Wp Ip Dsg % Passing % Finer
Locatlon  (feet) USC __ Molsture ¥ g g mm #200 Mesh  than ,005 mm
D-1 5 CL 57
D-1 6.5 CL/CH 52 75 3 44 0.0002 98 75
0-1 10 SM 0.12 34 6
D-1 20 SP/SM 0.21 (B! 2
D-1 30 SP/SM 0,19 10 2
Note:
USC = Unlfied Classiflcation System
W= Liquld Limlt
W, = Plastle Limit

Plasticity Index



TABLE 2

CHARACTER1STICS AND ESTIMATED MAX!MUM EARTHQUAKES FOR REGIONAL FAULTS
WEST NEWPCRT OIL FIELD

Max imum
Approximate Historic Estimated
Distance Approximate Estimated Earthquake Max | mum
Fault Name Fault Classlflcation To Slte Fault Length Slip Rate Magnitude Earthquake

miles (km) miles {km} mm/ yr
Newpor+t-|ngel wood Right Lateral V] (0 44 (70) 0.5 6.3 (1933) 7 (b)
Palos-Verdes Right Reverse 12 (19) 50 (80) 0.8 3.9 (1972) 7 (b}
Whittler Right Reverse 22,5 (36) 28 (45) 1.2 4,2 (1976) 7 (b)
Elsinore Right Lateral 25 {40) 130 (208) 2.3 6.0 (1910) 7.5 (b}
Santa Monlica Left Reverse 40 (64) 60 (98) 0.4 5.7 (1973} 7-1/4 (b)
Slerra Madre Lett Reverse 37 (59) 36 (58) 1-4 (c) 6.4 (1972} 7 (¢}
Catalina Rlght Reverse 32 (51) 70 (112) 0.8 (d) - 7 (b)
San Jaclnto Right Lateral 48 (77 160 (256} 8 7.0 (1899} 7-1/2 (b)
San Andreas RIght Lateral 54 (86) 204 (326) 37 8.3 (1857) B8-1/2

(South Central)

Notes:

(a,b)

(a) PBased on historical events,

(b) Based on estimated rupture length and Slemmons (1977),

(c) Based on Crook and others (1978); and Matt| and others {(1982),
(d} Unknown; assumed simllar to Palos Verdes



TABLE 3

YIELD CHARACTERISTICS OF EIGHT WELLS WITHDRAWING
FROM THE TALBERT WATER-BEARING ZONE

Water-yielding zone or zones

Well Depth
(feet) Depth Thick- Yield Draw- Specific Yield
range ness (gpm) down Capacity  Factor
{feet) (feet) (feet)

6/10- BDS.veesvanncnn 279 218-212 42 1,060 13 82 194
18C1...0c0eieennns 196 95-136 41 B20 18 46 112
18c2..... cesasns 190 95-140 45 970 15 65 144

6/11-13T1.cccrennen .o 150 Ceeeineanas 480 13 K .



Source: U.S5.G.S. Newport Beach
7%’ Quadrangle.
Fault Data; modified from
" Barrows (1974).
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APPENDIX A
FIELD INVESTIGATION

The field investigation was conducted between 8 and 20
February 1985 and consisted of advancing four exploratory
borings, three backhoe pits, and eight cone penetration
tests. The approximate boring, backhoe test pit and cone
penetration test locations are shown on the Boring Location

Plan, Figure 2.

The borings were advanced by a Failing 1500 rotary wash
drill rig to a depth of approximately 50 feet. Test pits

were excavated with a tractor mounted backhoe.

The cone penetrometer tests were advanced generally in
accordance with ASTM D3441-70 test procedure with a
Hogendogler Electric Cone Penetrometer. Test information
consisting of cone tip resistance, local friction
resistance, friction ratio and pore pressure measurements
were measured and recorded by a Mostek MDX computer. The
friction ratio was calculated by comparing the measured

valued of tip resistance and local friction.

A staff geologist prepared field logs of the subsurface
materials based- on visual inspection of the samples
obtained, soil cuttings returned to the surface during the
drilling operation, and the behavior of the drill rig.
Further details of the drilling operations are presented in
Key to Boring Logs, Figure A-1. The Logs of Borings,
presented in Figures A-~2 through A-9, are based on an
observation of the samples obtained, on laboratory test
results, and on field logs. Test pit logs are presented in
Figures A-10 through A-iz. The results of the cone
penetration tests are presented in Figures A-13 through
A-26.



8 g2 o | b
- -
w v L E = E =
= E %‘: DESCRIPTION ug Eg Bl =
o J o
wl %13 g (38 |E :
SURFACE ELEVATION :
Medium dense, moist, brown SILTY fine-
. 15 | grained SAND (SM)
] \Unified Soil Classification
2 N0 Standard Penetration Sample Location 2.0 MA

N \—— Modified California Sample Location A
S 3|yl 25 Pocket Penetrometer Strength —— ] 2.0*

y

L— Number of Blows Required to Advance
Sampler One Foot

Shelby Tube Sample Location
Sample Number

Indicates Sample Tested for Other Properties

LL — Liquid Limit, value as indicated

MA — Mechanical Analysis, percentage passing No. 200 sieve by weight
indicated in parenthesis

Pl — Plastic Index, value as indicated

ORG — Organic content in percent

NOTES OF FIELD INVESTIGATION

1. Borings were drilled with a truck mounted drill rig using a Failing 1500 rotary wash drill rig.

2. Samples with recorded blows/foot were obtained with a Standard Penetration or, Modified California
sampler (2-inch inside diameter, 2%-inch outside diameter). The sampler was driven into the soil at
the bottom of the hole with a 140 pound hammer falling 30 inches.

Samples labeled Sk were obtained by collecting cuttings in a cloth bag.

Classifications are based upon the Unified Soil Classification System and include color, moisture,
and consistency. Field descriptions have been modified to reflect results of laboratory analyses
where deemed appropriate,

5. Unconfined compression strengths noted by an asterisk(*) were obtained with a pocket
penetrometer.

6. Descriptions on these boring logs apply only at the specific boring locations and at the t|me the
‘borings were made. They are not warranted to be representative of subsurface conditions at other
locations or times.

Project: WEST NEWPORT OiL Fig.
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DATE OF BORING _11 February 1986 WATER DEPTH 4 feet DATE MEASURED 12 February 1985
TYPE OF DRILL RIG Failing 1500 Rotary Wash "HOLE DIAMETER 9 inches

WEIGHT OF HAMMER __ 140 pounds FALLING _ 30 inches SAMPLES Standard Penetration Test

. P o 4
g |8 & lg2ls | o
E‘ g g DESCRIPTION ﬁ Pz §§ =
: Hi
2133 g€ |55 g |
SURFACE ELEVATION: Approximately 3 feet
Damp, loose, light brown SAND (SP} with roots
a Soft, wet, gray SANDY CLAY (CH) with some organic debris
33
- AVA ORG
— (3.1)
5— LL=g§
: Pi=
4 1] 7% MA
: {94)
1, 10 Loose to medium dense, brownish gray, CLAYEY SAND (5P-5C) 36 { L=27
- PI=9
MA
- (10}
ORG
10— T ' ith hell 241
1 3 7 27 Medium dense with some some shells
- TBecomes grayish brown, no shells
15—
- 4 Z 28 MA
(6)
20— :’ Lens of sandy clay”
- b Z 24 MA
(9
25— \
B Z 30 TBecomes dense with some shell fragments
30
Project: WEST NEWPORT OIL LOG OF BORING Fig.
. A-1 A-
Project No. 41890A 2
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DATE OF BORING_ 11 February 1985 WATER DEPTH 4 feet DATE MEASURED __12 Feb 1985
TYPE OF DRILL RIG Failing 1500 Rotary Wash HOLE DIAMETER 9 inches
WEIGHT OF HAMMER 140 pounds FA[_LI‘NG 30 inches  SAMPLES Standard Penetration Test
= . E 0| 24
AL HERE:
Ela 3 DESCRIPTION SHlRz|2y| o
ARAL 5|\, 8| &
O T g .'.IE = 8 g E
SURFACE ELEVATION: Approximately 3 feet
7 39 Dense, grayish brown CLAYEY SAND (SP—SC) (continued}
T
35—
4 8 Z 40
40— :
9 Z 13 TBecomes SAND (SP) "("5/;‘
454 102 45
50 — TBecomes very dense
4 11 57
Bottom of Boring at 51.5 feet
55
60
Project: WEST NEWPORT OIL Fig.
. A-1 i
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DATE OF BORING _8 February 1985 WATER DEPTH 4.5 feet DATE MEASURED__20 Feb. 1985

TYPE OF DRILL RIG__Failing 1500 Rotary Wash ___ HOLE DIAMETER 9 inches
WEIGHT OF HAMMER._ 140 pounds  FALLING _ 30 inches  SAMPLES_Standard Panstistion Fast and Sack

c oy X |wat(E (B
Ll Eclz |8
2 | S DESCRIPTION ElEE
Els|¢ & o X
%13 |3 Tt g
: @ o | E
SURFACE ELEVATION: Approximately 5 feet
Loose, damp CLAYEY SAND (SC) (oil saturated)
(99)
SK'TXI Wet, gray SILTY CLAY (CH) 38 LL=62
- PI=31
i VA
5—] = | Loose, grayish brown SILTY fine SAND (SM)
4 z 5 ' 39 ('\fg
Loose, gray CLAYEY SAND (SC) '
10— . MA
12 16 TBecomes medium dense a1 L:_3=72)7
i PI=11
3 24 ORG
i (1.8)
T Dense, gray SAND (SP) (sulfur odor)
15—
- 4 Z 41
20—
B Z 36
25
-4 6 z 40
30—+
Project:  WEST NEWPORT OIL 06 OF BORING Fig.
Project No. 41890A L - | +B-1 A-4
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DATE OF BORING __ 8 February 1985 WATER DEPTH 4.5 feet DATE MEASURED _20 Feb. 1985
TYPE OF DRILL RIG Failing 1600 Rotary Wash HOLE DIAMETER 9 inches
. Modified California,
WEIGHT OF HAMMER__ 140 pounds FALLING_30 inches SAMPLES __ Standard Penetration Test and Sack
= k1 2| > p
Fla |y DESCRIPTION ohlrz|b,
o = Z|lww]|]Oo o @
a5 |3 2¥lez|z"| ¢
@ >E1%8(8 | &
SURFACE ELEVATION: Approximately 5 feet
7 43 Dense, gray SAND (SP) (sulfur odor) (continued}
Dense, gray SILTY fine SAND (SM)
35 —
18 Z 39 MA
(18)
40 —
1 9 7 44
45 — TBecomes very dense, no sulfur odor
_ 102 51
50 —
g mn 72
. Bottom of Boring at 51.5 feet
55 —
60 —
Project: WEST NEWPORT OIL Fig.
. . -1
project No. +1890A CONT. LOG OF BORING B A
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DATE OF BORING

11 February 1985

TYPE OF DRILL RIG
WEIGHT OF HAMMER ___140 pounds

Failing 1500 Rotary Wash

WATER DEPTH 4.5 feet

DATE MEASURED__20 Feb. 1985

HOLE DIAMETER 9 inches

FALLING __30 inches SAMPLES _Standard Penetration Test and Sack

.
AERE HAL
rlz|a DESCRIPTION E A E ﬁ'i
5138 gEleglp | B
m [ ] E
SURFACE ELEVATION: Approximately 3.5 feet
L oose, damp, brown CLAYEY SAND (SC) (FILL)
SK';E Loose, damp, light brown SILTY SAND (SM) (FILL)
7 Medium stiff, wet, gray SANDY CLAY (CL)
= A
1 9 | Loose, grayish brown CLAYEY fine SAND {SP—SC ) with shell fragments 47 Ll(_g,fﬂ
. PI=24
10— TBecomes dark gray, medium dense
12 z 16 gray, Pf 9}
15— .
1, Z 22 TBecomes CLAYEY fine SAND (SC) M A}
(13
20—
1 4 @ 54 | (Blow count unreliable}
] [§ Becomes CLAYEY fine SAND {SP—SC)
25—
5 |/ 27 MA
. Z (11)
30
Project: WEST NEWPORT OIL LOG OF BORING o Fig.
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DATE OF BORING
TYPE OF DRILL RIG

12 February 1985 WATER DEPTH 4.5 feet DATE MEASURED _20 Feb. 1985
Failing 1500 Rotary Wash HOLE DIAMETER 9 inches

WEIGHT OF HAMMER ___ 140 pounds FALLING_ 30 inches SAMPLES _ Standard Penetration Test and Sack
1 w S a E__ w &% E E
w | Qo Z i .|@ W
| o |%® of|sFiz2 e
e |s DESCRIPTION Cpl|lk2|w.,.
a! = ; Z (WO ol
w| = | & zwlob |, ®| W
ol v |8 SE[ES | x
[14] w L&) [a] =)
SURFACE ELEVATION: Approximately 3.5 feet
6 92 Medium dense, gray CLAYEY fine SAND (SC} (continued)
] TVerv dense
35—
d 7 Z 63
40—
18 Z 87
45—
4 @ 30 | 25% shell fragments MA
(12)
50 — ’ Lens of very stiff, gray SANDY CLAY (CH)
* MA
410 19 43 32 82)
- Bottom of Boring at 51.5 feet
55 —
60 —
Project: WEST NEWPORT OIL Fig.
. . -1
Project No. 41890A CONT. LOG OF BORING ¢ A7
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DATE. OF BORING _12 February 1985  WATER DEPTH 4 feet DATE MEASURED___20 Feb. 1985

TYPE OF DRILL RIG Failing 1500 Rotary Wash _HOLE DIAMETER 9 inches

WEIGHT OF HAMMER___ 140 pounds  FALLING _ 30 inches -SAMPLES_ Standard Feneiation Foa and Sack

¢l g B HHARE
: |
§ g’ > DESCRIPTION ﬁ 5 E g‘i -
; .
| = w E
8193 1BE|%8|8 | £
SURFACE ELEVATION: Approximately 6 feet
Loose, wet SANDY CLAY (CL} with roots, oil soaked
- Medium stiff, wet, gray SILTY CLAY {CH)
SK-lgl 39
- AVA
B—
41 5 57
T2/ 4 2.5*| 58 {"gé,
- LL=75
_ 51 Pl=44
10—
43 z 15 | Medium dense, gray SILTY SAND (SM) with shell fragments ("g@,
—
15—
G
14 z 2 ORg
20—
| &[] 4 [V Becomes SILTY SAND (sP—sm) WA
(10)
25— TBecomes medjum dense to dense
1 of) s
30—
Project: WEST NEWPORT OIL F BOR Fig.
. . D-1
Project No. 41890A LOG- O ING A-8
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DATE OF BORING __12 February 1985 WATER DEPTH 4 feet DATE MEASURED __20 Feb. 1985
TYPE OF DRILL RIG Failing 1500 Rotary Wash HOLE DIAMETER 9 inches
. Modified California, .
WEIGHT OF HAMMER___ 140 pounds FALL{NG_30 inches SAMPLES _ Standard Penetration Test and Sack
5 Bl | B
AFIE so\gklg | @
ElE | DESCRIPTION Colbz|8y
o -3 v W o o
w =y g g wlo ; > =% w
o| » |9 SE(ES | =
@ (73 il o
SURFACE ELEVATION: Approximately 6 feet
17 25 Medium dense to dense, gray SILTY SAND {SP—SM) (continued) HI g)
35 —
1 B z 41
40 —
) Z 42
45 — TBecomes dense to very dense
4 IOZ 68
50 — —
41 49
- Bottom of Boring at 51.5 fest
_{
55 —
60
Project: WEST NEWPORT OIL CONT 0 RIN 0.1 Fig.
Project No. 41890A ONT. LOG OF BORING bD- AD
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DATE OF TEST PIT____ 20 February 1985 PIT DIMENSIONS _____ —

EQUIPMENT Back hoe

DESCRIPTION REMARKS

DEPTH , FT
SAMPLES
SYMBOL

SURFACE ELEVATION® Approximately 3 feet

Moist CLAYEY SAND (SC}

-

1, Wet, gray SANDY CLAY (CH) Moisture Content — 38%
Mechanical Analysis — (80)
|

5-—-
Bottom of Test Pit at 6 feet

-

10 —

-

15—

' Fig.
LOG OF TEST PIT TPA2 to

WOODWARD~CLYDE CONSULTANTS
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DATE OF TEST PIT 20 February 1985 PIT DIMENSIONS —

EQUIPMENT Backhoe
e
A
E | 5]8% DESCRIPTION REMARKS
v < | » :
o L] [ 4]
SURFACE ELEVATION: Approximately 3 fest
Damp CLAYEY SAND (SC), oil soaked
-
Wet, gray SILTY CLAY (CL)
1
5 Bottom of Test Pit at 5 feet
-
10—
15—
Project : WEST NEWPORT OIL Fiqg.
LOG OF TEST PIT TpB-2 A11

Project No. 41890A
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DATE OF TEST PIT . 20 February 1985 PIT DIMENSIONS . . =

EQUIPMENT . . Back hoe
&
- [ &g |
S EYE DESCRIPTION REMARKS
t M
W o | » _ | _
SURFACE ELEVATION : Approximately 3 feet
Damp, light brown SAND (SP) Moisture Content — 45%
Mechanical Analysis — (100)
-
Soft, wet, gray SILTY CLAY (CH)
41
5 ;
Bottom of Test Pit at 5 feet
10—
—
-
15—
Project : WEST NEWPORT OIL | Fig.
‘ - TP-C-2
Project No. . 41890A LOG OF TEST P_lT A-12
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CONE PENETRATION NUMBER __A-1
APPROXIMATE SURFACE ELEVATION __3 feet

Jop # t 41890A
DATE 2 2-11-85
LOCATION » C.P.T. A-1
FILE # » 86

PREDRILLED DEPTH__0 feet LOCAL FRICTION FRICTION RATIOD
0  TIP RESISTANCE (Ton/FL°2) 500 0 (Ton/ft 2 CPERCENT 8,
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+ 41800A

JoB #

2~11-85
C.P.T.
85

DATE

CONE PENETRATION NUMBER __A:2
APPROXIMATE SURFACE ELEVATION

A-2
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FILE #
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LOCAL FRICTION

feet

0
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Jog # » 41880A
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JOB #  : 41890A
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APPENDIX B
LABORATORY TESTING

The soil samples obtained from the borings were classified
visually, and selected so0il samples were tested 1in our
laboratory to evaluate some of their properties. Moisture
content test results are presented on the Logs of Borings
for convenient correlation with the soil profile. Grain
size distribution tests, made on selected samples to help
characterize the soils, are summafized in Figures B-1

through B-6.

Atterberg limits were performed on selected samples to help
substantiate the visual classification of the soils.
Results of the Atterberg limits tests are given in Figure
B_-?c

The strength characteristics of the fine grained soils were
estimated by pocket penetrometer tests. Results of these
tests are presented on the Logs of Berings at the corres-
ponding sample location. These estimates supplement data on
the moisture contents of the samples and the penetfation
resistance of the cone and the sampler during sampling (cone

penetration tip resistance and blow count).

The results of organic content tests are presented in Figure
B-B .
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GRAIN SIZES IN MILLIMETERS

BORING NO. DEPTH SYMBOL LL Pl ‘CLASSIFICATION
A-1 5 |O———0 Grayish SANDY CLAY (CH)
A-1 6.5 |OH————=-A Brownish gray, CLAYEY SAND (SP—SC)
A1 15 |[O—  —O Grayish brown, CLAYEY SAND (SP—SC)
A-1 200 ({O0——] Grayish brown,CLAYEY SAND (SP—SC)
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BORING NO. DEPTH SYMBOL Li P C}.ASSlFIClTION
A-1 40 |Om———0 Olive brown SAND (SP} with shells
B-1 2 Oy————) Gray silty CLAY {CH)
B-1 5’ O O Grayish brown, SILTY fine SAND (SM)
B-1 100 |————_ Dark gray, CLAYEY SAND (SC)




SINVLINSNOI 3J0ATI-QHYMAOOM

1 joeloug

'oN j98[0ag

v068LY
110 LHOdMIN 1S3Im

S3IAHND NOILNEIMLSIG 3ZIS NIVYO

€4
614

UNIFIED SOIL CLASSIFICATION
GRAV EL SAND
COBBLES COARSE | FINE COARSE [ MEDIUM ] FINE SILT  AND CFAY
U.S. STANDARD SIEVE SIZES
6" 3 e 1 dan ' 4 40 60 140 200
100 Y
. N\ U
90 = _ e \ 10
4
60 A0 20
B 70 \ \ 308
] x
3 B 3
=
B 50 ! I\ 50 M
a ‘9\3\ 5
= =
@ 40 (WL | 600
A\ @
. AAY; .
AN
20 AN 80
10 : 90
200 100 50 20 | 5.0 20 1.0 0.5 02 B] [+X -} ] O.l;l - 0.00% Q.002 X D!oo
l bata L1 1 tLLLlll [ [T | Lerk e il 11 Lt b1 |
GRAIN SIZES IN MILLIMETERS
BORING NO. DEPTH SYMBOL L | i CLASSIFICATION
B-1 35’ O— Dark gray SILTY fine SAND {SM)
C-1 5 L—m———— Grayish brown CLAYEY SAND, little silt {SP—SM)
C-1 10 Oo—- - — Dark grayish brown CLAYEY fine SAND (SP—SC)
c-1 150 |E————] Dark gray CLAYEY fine SAND (SC)
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GRAIN SIZES IN MILLIMETERS
BORING NO. DEPTH SYMBOL LL | PI CLASSIFICATION
C-1 25’ O—0 Dark gray CLAYEY SAND (SP-5SC)
C-1 45’ FA ST WA Dark gray SILTY SAND {SP—SM) with some shells
(o 500 | — Gray SANDY CLAY (CH)
D-1 6.5 |C}—— —{] Gray SILTY CLAY (CH)
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UNIFIED SOIL CLASSIFICATION
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GRAIN SIZES IN MILLIMETERS
BORING NO. DEPTH SYMBOL LL Pl CLASSIFICATION
D-1 10 O Gray SILTY fine SAND (SM), with some shells
D-1 200 |OH————=-A Dark gray SILTY fine SAND (SP—SM)
D-1 300 |[O———C Gray SILTY fine SAND (SP—SM) with some shells
TP-A-2 3’ ) Grayish brown, fine SAND CLAY (CL)
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TP-C-2 25 | O—— Brown CLAY (CL)
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GROUP|UNIFIED SOIL CLASSIFICATION
SYM.| FINE GRAINED SOIL GROUPS TOUGHNESS AND DRY STRENGTH
OL ORGANIC SLLTS AND ORGANIC SILTY PERMEABILITY AND RATE OF VOLUME
CLAYS OF LOW PLASTICITY. CHANGE DECREASE
M INCRGANIC CLAYEY SILTS TO VERY
L‘ FINE SANDS OF SLIGHT PLASTICITY
cL INORGANIC CLAYS OF LOwW TO
MEDIUM PLASTICITY
0 ORGANIC CLAYS OF MEDIUM TO
H HIGH PLASTICITY, ORGANIC SILTS TOUGHNESS AND DRY STRENGTH
DECREASE
MH INQRGANIC SILTS AND CLAYEY PERMEABILITY AND RATE OF VOLUME
SILTS. CHANGE INCREASE.
CH INORGANIC CLAYS OF HIGH
PLASTICITY. COMPARING SOILS AT EQUAL LL.
TEST | BORING | SAMPLE
SYMBOL | NUMBER | DEPTH DESCRIPTION
) A1 5 | Gray SANDY CLAY (CH)
A Al 8.5 Brownish gray CLAYEY SAND (SP—SC)
O B-1 2 Gray SILTY CLAY (CH)
B B-1 10 Gray CLAYEY SAND (SC)
® c-1 5 Gray SANDY CLAY (CL)
A c-1 50 .Gray SANDY CLAY (CH)
o D-1 6.5 Gray SILTY CLAY {CH}
B | rce2 25 | Gray SILTY CLAY (CH)
Project: WEST NEWPORT OIL PLASTICITY CHART Fig.
Project No. 41890A B-7
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L\ ASSOCIATED LABORATORIES

806 North Botavia - Orange, California 32668 - 714/771-6900

CLIENT
- Woodward-Clyde Consultants LAB NO F02802
203 North Golden Circle Drive
Santa Ana, CA 92705 REPORTED 2/26/85
SAMPLE Soil RECEIVED 2/25/85
IDENTIFICATION Project No. 41890A, Project Name:

West Newport 0il Field - As Below
BASED ON SAMPLE As Submitted

Organic Content*

Boring No. A-1, Sample Neo. PB-1, 3.08 %
Depth 5°' °
Boring No. A-1l, Sample No. PB-2, 2.42 %
Depth 6.5' )
Boring No. B-1, Sample No. PB-2, 1.81 %
Depth 10 :
Boring No. b-1, Sample No, PB-4,

Depth 15° 1.65 %

*By Combustion.

TESTING & CONSULTING
Chemical
Tha reports of 1he Asroclated Laboratorles are confldentlal propsrty of our clienls and . .
may not be teproduced or uaed for publication In part or In full without our writien Microbiological -
parmissign. This I5 for the mutual proteclion of the public, our cllents, and ourselves, Ernvironmenial »
C-1 10Mm
Projectt ~ WEST NEWPORT OIL . Fig.
! - ORGANIC CONTENT TESTS 9
Project No. 41890A B-8

WOODWARD-CLYDE CONSULTANTS



