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velocity anisotropy (Oppenheimer and Eaton, 1984). A 
similar study in southern California finds nearly the same 
average velocity, 7.95 km/s, with evidence for 2-percent 
velocity anisotropy (Vetter and Minster, 1981; Hearn, 
1984). The fast direction is N. 75° W., approximately 
parallel to the San Andreas fault in southern California. 
Seismic-velocity anisotropy in the upper mantle has been 
reported elsewhere, notably in oceanic crust, and is 
commonly attributed to alignment of olivine in the mantle 
along a shear-stress direction (Bamford and others, 
1979). In southern California, this shear would presum
ably be that associated with the motion of crustal blocks 
above the lithospheric mantle. 

Lithospheric thickness along the San Andreas fault has 
been investigated by using delay times of teleseismic 
arrivals and thermal models (Zandt and Furlong, 1982). 
These studies indicate a lithospheric thickness of only 30 
to 60 km for much of western California, and as little as 
20 km for northern California just south of Cape Mendo
cino. These lithospheric thicknesses contrast with aver
ages of 60 to 80 km for the Western United States and 120 
to 170 km for the Central and Eastern United States 
(Iyer and Hitchcock, 1989). The thinness of the litho
sphere in northern California south of Cape Mendocino is 
due to the creation of the San Andreas fault system itself: 
The transform fault is lengthening as the Mendocino 
triple junction migrates northward. As this junction 
migrates northward, the west edge of North America is 
sliding off the edge of the northward-moving, subducting 
Gorda plate, thereby creating a "window" where no 
subducting lithospheric slab is present (Dickinson and 
Synder, 1979). In this slabless window, the North Amer
ican crust is initially in direct contact with the astheno
sphere that has welled upward to fill the hole left by the 
Gorda plate (Zandt and Furlong, 1982). This geometry 
produces the thinnest lithosphere in California and, 
probably, in North America. In contrast, the lithosphere 
is abnormally thick (250 km) in the Transverse Ranges, 
where "subduction" of lithospheric mantle is occurring, 
as discussed above. 

Velocity anomalies appear to extend even into the 
asthenosphere beneath western California. Aki (1982) 
summarized the results of Cockerham and Ellsworth 
(1979) and Raikes (1980) in a combined velocity-anomaly 
model for a depth range of about 100-225 km in the 
mantle (fig. 8.9). Aki suggested that the low-velocity 
region in central California is hot, mobile material 
associated with the slabless window. Such an association 
appears likely for the northwest-trending prong of this 
anomaly, as refined by the recent work of Benz and 
others (1990); however, the center of the anomaly, 
located near Long Valley caldera (figs. 8.2, 8.9), appar
ently has a different origin. Low-velocity regions are also 
associated with the Salton Trough, where asthenospheric 

upwelling is inferred, and the eastern Mojave Desert, 
where crustal extension has occurred. The high-velocity 
region that crosses the San Andreas fault in southern 
California is similar to the one discussed above (fig. 8. 7). 

SUMMARY 

The crust along the San Andreas fault system thickens 
from about 16 km at Cape Mendocino, in northern 
California, to about 30 km in southern California and thus 
is significantly thinner than the average thickness (36 
km) for the conterminous United States. Lithospheric 
thickness (20--60 km) is also substantially less along most 
of the San Andreas fault system than is typical for 
continental areas (60-170 km). The lithosphere is thin
nest at both ends of the fault system, at the Mendocino 
triple junction on the north, where the North American 
plate is sliding off the edge of the Gorda plate as it moves 
northward, and in the Salton Trough on the south, where 
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FIGURE 8.9.-Seismic-velocity anomalies in upper mantle (chiefly 
asthenosphere), derived from teleseismic delay-time data {Aki, 
1982), for depth ranges 125--225 km (central California; Cockerham 
and Ellsworth, 1979) and 100-180 km (southern California; Raikes, 
1980). H, high velocities {contours solid); L, low velocities {contours 
dashed). Contour interval, 2 percent. High seismic velocities that 
cross the San Andreas fault in southern California are similar in 
pattern to those shown in figure 8. 7. Heavy lines, major faults. 
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onshore spreading centers of the East Pacific Rise are 
generating new crust in a rift between the North 
American and Pacific plates. In contrast, the lithosphere 
is abnormally thick (250 km) in the Tranverse Ranges, 
where "subduction" of lithospheric mantle is occurring. 

The crust of central California was formed at an 
Andean-type continental margin and has been modified 
by large offsets along strike-slip faults of the San 
Andreas fault system. East of the San Andreas fault, the 
Andean-marginal sequence includes a subduction com
plex (Franciscan rocks), a forearc basin (Great Valley 
sequence), and a magmatic arc (plutons of the Sierra 
Nevada). The subduction complex appears to have been 
emplaced as a tectonic wedge beneath sedimentary rocks 
of the forearc basin. West of the fault, displaced blocks 
constitute an Andean-marginal sequence that has been 
shortened by strike-slip faulting. 

The tectonic wedge of Franciscan rocks east of the fault 
is reinterpreted to extend from its tip beneath the Great 
Valley all the way to the San Andreas fault. This 
interpretation is motivated by the apparent continuity 
between crystalline basement rocks beneath the Great 
Valley and mafic rocks at midcrustal depths in the Diablo 
Range, beneath the Franciscan rocks. The presence of 
extended crust atop the tectonic wedge (outliers of Coast 
Range ophiolite and Great Valley sequence) has led us to 
propose the following tectonic evolution for the wedge. 
(1) Franciscan rocks were uplifted and upper-plate rocks 
(those above the subduction zone) were extended during 
the Cretaceous (or, possibly, early Tertiary) well west of 
their current position in the Coast Ranges. (2) The 
Franciscan rocks and overlying extended crust were 
subsequently forced landward during one or more epi
sodes in the form of a wedge that largely followed the 
contact between Great Valley basement and the Great 
Valley sequence. (3) Wedge movement began during the 
subduction of the Farallon plate (or its derivative) 
beneath central California; however, it apparently is also 
occurring at present, in the San Andreas transform 
regime. Present movement is interpreted to result from 
compression across the San Andreas fault system coupled 
with differential motion between the upper and lower 
crust; this differential motion is interpreted to occur on 
thrust fault(s) at the base of the wedge that sole into the 
brittle-ductile transition zone. 

The crustal structure in southern California shares 
several features in common with central California, 
including, west of the fault, an Andean-marginal se
quence that has been shortened or, at least, shuffled by 
strike-slip faulting, and, east of the fault, subduction
complex rocks that are inferred to have moved landward 
as a tectonic wedge into the continental rocks. However, 
major differences are apparent in southern California. 
First, east of the San Andreas fault, the Andean-

marginal sequence is incomplete: A forearc basin is 
absent, and the magmatic arc is diffuse. Second, new 
continental crust has formed in the Salton Trough, an 
active crustal pullapart basin, by a combination of rapid 
sedimentation, metamorphism, and magmatic intrusion 
at the onshore spreading centers. In addition, the mo
tions of the crust and lithospheric mantle differ in 
southern California: The crust is moving as a collage of 
blocks, with only minor interblock convergence, whereas 
the lithospheric mantle is converging and "subducting" 
beneath the Transverse Ranges. 

The interpretations of (1) a midcrustal detachment in 
the brittle-ductile transition zone in central California 
and (2) a crust-mantle detachment in the Transverse 
Ranges of southern California would appear to require 
that the deformational style and (or) location of the San 
Andreas fault system change with depth in these regions. 

The properties of the lithosphere along the San An
dreas fault are not at all typical of continental areas, and 
further characterization of these properties presents a 
significant scientific challenge. 
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S tudies on the gravity and magnetic fields of the San Andreas 
fault system span more than 30 years, but only recently have 

the fundamental data sets become adequate to provide a general 
view of the entire system. Modeling these new data defines the 
three-dimensional geometries of the faults and helps unravel the 
tectonic history of the system by "seeing through" the relatively thin 
cover of young sedimentary deposits and water to the older rocks 
below. 

9. CRUSTAL AND LITHOSPHERIC STRUCTURE 
FROM GRAVITY AND MAGNETIC STUDIES 

By ANDREW GR1scoM and ROBERT C. jACHENS 
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INTRODUCTION 

Studies of the San Andreas fault system using the 
Earth's gravity and magnetic fields began before 1960 
but received their main impetus during the 1970's, when 
work on the possibility of predicting earthquakes on this 
system began in earnest. Early investigations focused 

◄ FIGURE 9.1.-Magnetic map of the Western United States and eastern 
Pacific Ocean, showing locations of major plate boundaries: solid line, 
present boundary; dashed line, former boundary; double line, spread
ing ridge; single line, transform fault; toothed line, subduction-zone 
fault or transpressional fault (sawteeth on upper plate). From 

mainly on short segments of the faults because only 
limited data were available. More extensive potential
field data sets that have been published in recent years 
now permit the gravity and magnetic expression of the 
entire fault system to be viewed in a regional context (fig. 
9.1). 

Gravity and magnetic data reflect, respectively, the 
density and magnetization of the rocks beneath the 
surface; and, in many situations, these properties can be 
closely correlated with the rock types seen in outcrop. 
Anomalies in the Earth's gravity and magnetic fields
for example, local deviations of the measured fields from 
those predicted on the basis of simplified Earth models
primarily reflect lateral variations in density and mag
netization that generally are not included in such simple 
models. These anomalies can be interpreted qualitatively 
to infer the general spatial distribution of rock types in 
the subsurface, and quantitatively, through the use of 
efficient computer-based modeling techniques (Saltus 
and Blakely, 1983; Chuchel, 1985; Blakely and Simpson, 
1986), to determine the geometries and specific locations 
of concealed rock bodies. Although all such interpreta
tions are nonunique, both because many different distri
butions of density and magnetization can give rise to 
identical anomalies and because density and magnetiza-

Geological Society of America (1987); used with pennission. Plate 
boundaries from King (1969), McCulloch (1987), and Wilson (1989). 
Each color band represents 100 nanoteslas; values range from low 
(blue) to high (red); white area, no data. Bathymetric contours in 
meters. 
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tion do not uniquely define a specific rock type, the 
combined use of gravity and magnetic data with geologic, 
geochemical, and other geophysical data can be especially 
effective in limiting the number of acceptable interpre
tations. 

In the sections below, we first present regional gravity 
and magnetic maps covering the San Andreas fault 
system and briefly discuss the sources, compilation 
methods, and limitations of the data from which they 
were produced and, in general terms, the sources of the 
anomalies shown on them. We then summarize the 
results of individual studies of sections of the major faults 
in the system and attempt to synthesize these results in 
terms of the geometries of the faults, the structures and 
rock types in the surrounding areas that are related to 
the faults, and the properties of the fault zones. Next, we 
focus on studies that relate to movement on the faults, 
including constraints on total displacements. Finally, we 
discuss the plate-tectonic implications of potential-field 
investigations of the fault system. 

ISOSTATIC RESIDUAL GRAVITY MAP 

An isostatic residual gravity map of the region sur
rounding the San Andreas fault system is shown in 
figure 9.2. We have chosen to present the gravity data 
in this form rather than in terms of the more common 
Bouguer or free-air gravity because of the generally 
closer correlation between isostatic residual gravity and 
mapped geology (Jachens and Griscom, 1985; Simpson 
and others, 1986). Most long-wavelength anomalies (long
er than approx 250 km) on a Bouguer gravity map are 
caused by deep-seated density distributions that buoy
antly support the topography in a manner consistent with 
the principle of isostasy (Simpson and others, 1986). 
Bouguer gravity anomalies related to isostasy are prev
alent in California because of the extreme topographic 
relief in the State (Oliver, 1980; Jachens and Griscom, 
1985), and they are particularly strong near the coast, 
where an eastward to northeastward decrease in gravity 
reflects the transition from thin oceanic crust to thicker 
continental crust. In such areas as California, the Bou
guer gravity anomalies associated with isostatic support 
of topography are so strong that they tend to distort or 
even mask the lower-amplitude anomalies caused by 
density distributions in the middle to upper crust, those 
anomalies most easily correlatable with rocks exposed at 
the surface (Jachens and Griscom, 1985). Our isostatic 
residual gravity map has these long-wavelength isostatic 
effects removed, at least to first order. We emphasize 
that the anomalies remaining on our map are predomi
nantly caused by lateral density variations in the middle 

to upper crust and, as such, do not represent areas that 
are out of isostatic balance (Jachens and Griscom, 1985). 

Our isostatic residual gravity map (fig. 9.2) is based on 
the new isostatic residual gravity map of the contermi
nous United States by Simpson and others (1986), who 
presented a detailed discussion of the data sets and 
procedures used to generate this map. The basic gravity
data set was compiled for the "Gravity Anomaly Map of 
the United States" (Society of Exploration Geophysi
cists, 1982) and includes 1 million on shore and 0.8 million 
offshore gravity observations. These data were sampled 
on a rectangular grid with a grid spacing of 4 km, 
containing Bouguer gravity values onshore and free-air 
gravity values at sea (Godson, 1985). To produce our 
isostatic residual gravity map, the offshore free-air 
gravity values were converted to Bouguer gravity val
ues. The gravitational effects of the deep density distri
butions that support the topography within 166. 7 km of 
each grid intersection were computed according to the 
Airy-Heiskanen model of isostasy (Heiskanen and 
Moritz, 1967) using a 5- by 5-minute topographic-bathy
metric data grid and model parameters as follows: 
topographic density, 2.67 g/cm3

; crustal thickness at sea 
level, 30 km; and densitl contrast across the base of the 
model crust, 0.35 g/cm . Combined isostatic and topo
graphic effects for the region from 166. 7 km to the 
antipode of each grid intersection were obtained from the 
maps by Karki and others (1961). This model gravity field 
was subtracted from each Bouguer gravity grid value to 
yield a grid of isostatic residual gravity values; the 
resulting grid was contoured by computer and displayed 
in color-band intervals of 10 mGal to produce figure 9.2. 

Limitations on the use of this map stem both from 
uncertainties in the point data from which the grid was 
constructed and from characteristics generated by the 
gridding process. For onshore data, uncertainties in the 
point data values resulting from errors in observed 
gravity, elevation, terrain corrections, and isostatic re
ductions are estimated to be less than 2 to 3 mGal for 
most stations, possibly larger in areas of extreme topo
graphic relief (Simpson and others, 1986). In offshore 
areas, the greatest uncertainty results from conversion 
of the original free-air gravity data to Bouguer gravity 
values, using the 5- by 5-minute average bathymetry. 
Where the sea-bottom topography is relatively gentle, 
this conversion probably results in uncertainties of about 
5 mGal, but in such areas as parts of the California 
Continental Borderland (south of lat 34° N.) and over the 
edge of the Continental Shelf, where water depths 
change rapidly, errors of several tens of milligals are 
possible. These conversion errors generally appear as 
high-amplitude, nearly circular anomalies with diameters 
of as much as 40 km. 
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Although gravity coverage along most of the San 
Andreas fault system is quite dense when viewed at the 
scale of figure 9.2, sampling of these data on a 4-km grid 
means that anomalies v.ith characteristic dimensions less 
than several t imes the grid spacing are not faithfully 
portrayed. Our isostatic residual gravity map (fig. 9.2) is 
sufficient for qualitative and quantitative interpretation 
at the scale shown, but for more detailed interpretat ions, 
especially quantitative modeling, t he reader is referred 
to the original data sources, such as Oliver and others 
(1980), Roberts and others (1981), Snyder and others 
(1982), and the other reports cited throughout this 
chapter. 

MAGNETIC ANOMALY MAP 

A magnetic anomaly map of the region surrounding the 
San Andreas fault system is shown in figure 9.3. This 
map is based on the magnetic anomaly map of the 
Western United States by Bond and Zietz (1987), which 
was compiled from hundreds of magnetic surveys with 
widely differing flight heights, flightline spacings, and 
sensor types. 

In contrast to the lengthy series of reduction steps that 
were required to convert the gravity observations to the 
form shown in figure 9.2, very little was done to the 
observed magnetic data to prepare them for compilation. 
Although the original data were collected at many 
different heights, no analytic procedures were used to 
continue them to a common elevation. Instead, the 
vaiious surveys were referenced to the International 
Geomagnetic Reference Field (IGRF) adjusted for the 
date of the survey and an arbitrary zero datum, and then 
combined manually by inspection. Long profiles of mag
netic data collected under the National Uranium Re
source Evaluat ion (NURE) program of the U.S. 
Department of Energy and by the U.S. Naval Oceano
graphic Office (NOO) served as guides for determining 
the zero datum for the various surveys. The resulting 
data are presented at a color contour interval of 100 nT 
(gammas) in figure 9.3. 

Our magnetic anomaly map (fig. 9.3) is the most 
complete compilat ion available for the San Andreas fault 
system and is useful for qualitatively determining the 
location, shape, and regional setting of large magnetic 
bodies. However , because of the compilation methods 
used to construct this map and because the contour 
interval is relatively coarse (100 nT), it will not, in 
general, be adequate for detailed qualitative or quanti
tative examination of individual anomalies. Where de
tailed information is required, the reader is referred to 
the original sources from which our map was compiled; a 
comprehensive listing of these sources is given by Bond 
and Zietz (1987). 

A particularly valuable source of aeromagnetic data 
over the San Andreas fault system is the profile data 
collected under the NURE program. In general, these 
data were collected along long profiles oriented east-west 
at a nominal height of 120 m above terrain and spaced 
about 5 km apart. The wide flightline spacing and low 
altitude of the survey lines preclude constructing realistic 
contour maps from these data in most places, but the long 
profiles are well suited for quantitative modeling. These 
data are available in the form of atlas folios or digital 
tapes for individual 1° by 2° quadrangles from the U.S. 
Department of Energy, Grand Junction, Colo. 

When interpreting magnetic data, the inclination of the 
Earth's magnetic field must be taken into account be
cause the magnetization induced in the magnetic source 
rocks by this field will have a similar inclination. Along 
the San Andreas fault, this inclination ranges from 58° to 
64° downward toward magnetic north. Contoured mag
netic anomalies over inductively magnetized or normally 
magnetized sources at these field inclinations will com
monly display a dipole response, namely, magnetic lows 
associated with the north sides of magnetic highs. In
spection of our magnetic-anomaly map (fig. 9.3) indeed 
identifies numerous such magnetic lows on the north or 
northeast sides of major magnetic highs. In general, each 
magnetic low is located directly beyond the north or 
northeast contact of the causative magnetic mass. 

SOURCES OF GRAVITY AND 
MAGNETIC ANOMALIES 

Conspicuous features of the gravity field over the San 
Andreas fault system ar e linear highs and lows that trend 
subparallel to the major faults in the system. Highs (~ 10 
mGal) generally occur over exposed crystalline rocks of 
the Salinian block southwest of the San Andreas fault, 
over mafic granitic and metamorphic rocks of the Sierra 
Nevada and the Mojave Desert, and over Mesozoic and 
Tertiary layered rocks of the Franciscan assemblage, 
particularly in areas containing large amounts of mafic 
volcanic rocks (generally part of an ophiolite belt) or 
high-pressure metamorphic-mineral facies. Most of the 
deepest lows are caused by thick accumulations of 
low-density Cenozoic sedimentary rocks that fill tectonic 
basins adjacent to t he faults and in the sun·ounding 
areas. Shallower lows occw· over certain large serpen
tinite bodies within the Franciscan assemblage, over 
felsic plutons in the granitic terranes of California, and 
over a young concealed granitic pluton associated with 
the Geysers geothermal area at lat 39° N., long 122°45' 
W. (Chapman, 1975; Isherwood, 1976). 

Magnetic anomalies in the vicinity of the San Andreas 
fault system typically are caused by any one of three 
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FIGURE 9.2.-Isostatic residual gravity map of the San Andreas fault system. Contour interval, 5 mGal. Faults simplified from Jennings and 
others (1977), McCulloch (1987), and Vedder (1987). Fault names and explanation in figure 9.4. 

different rock types. The strongest anomalies generally 
reflect tabular bodies of serpentinite associated with the 
Franciscan assemblage and may also reflect the ophiolitic 
rocks, especially serpentinite, that locally lie above it. 
Mafic plutonic rocks, such as those exposed in the 
western Peninsular Ranges and along the west edge of 
the southern Sierra Nevada, can produce moderate to 
strong magnetic anomalies. Plutonic sources, not neces
sarily mafic only, probably account for most of the 
anomalies in the Salinian block, southwest of the San 
Andreas fault. Although younger volcanic rocks, in 
particular the mafic varieties, commonly are highly 

magnetic, such rocks do not cause significant magnetic 
features near the San Andreas fault as shown on our 
magnetic anomaly map (fig. 9.3) because magnetic volca
nic rocks are volumetrically unimportant at the scale of 
this map. 

In most areas, sedimentary rocks are considered 
nonmagnetic because they fail to cause aeromagnetic 
anomalies. Along the San Andreas fault system, howev
er, several sedimentary-rock units cause magnetic anom
alies as large as 150 nT. These units include rocks of 
Mesozoic and Tertiary age; other units composed primar
ily of detrital serpentinite also produce anomalies of this 
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magnitude. None of these sedimentary units are areally 
large enough to produce magnetic anomalies visible at 
the scale of om· magnetic anomaly map (fig. 9.3). 

Near the north end of the San Andreas fault, several 
magnetic anomalies project landward from the linear 
pattern of anomalies that characterizes the oceanic crust. 
These anomalies reflect remanent magnetization in the 
oceanic crust; the source rocks are primarily basaltic 
volcanic rocks. 

GEOMETRY OF FAULTS IN 
THE SAN ANDREAS SYSTEM 

(Blakely and Simpson, 1986). In general, the fault is 
expected to be situated at or near the steepest gradient 
of the anomaly. These sites an~ particularly helpful in 
areas where the fault trace or zone is concealed by young 
sedimentary deposits or by the Pacific Ocean. In addi
tion, we have found that some of these data are useful in 
ident ifying the main strand of the fault zone where the 
presently active fault trace may not, in fact, be the 
original plate boundary. Some areas where the potential
field data define the locations of faults are shown on 

Although the location of the San Andreas fault be
tween Point Arena and Cape Mendocino is concealed by I 
figure 9.4 and are discussed below. 

PLAN VIEW t he Pacific Ocean, the aeromagnetic data show a linear 

I 
magnetic anomaly, striking nort hwest within t he Pacific 

The usefulness of potential-field data along the San plate, that is inferred to be obliquely cut off by the fault 
Andreas fault system is maximized where rock masses about 20 km northwest of Point Arena. Farther north, 
with differing physical prope1ties are juxtaposed. Under I the fault trace just sout h of Cape Mendocino has proved 
these conditions, geophysical anomalies arise from which pa!t icularly difficult to locate because it may be too close 
the location and attitude of the faul t may be calculated to shore to be resolved by marine geophysical surveys. A 
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FIGURE 9.3.-Magnetic map of the San Andreas fault ~ystem (from Bond and Zietz, 1987). Contour interval, 100 nT. Faults simplified from 
Jennings and others (1977), McCulloch (1987), and Vedder (1987). Sarne symbols as in figure 9.4. 

recent aeromagnetic map of this problematic area has, I San Andreas fault at Bolinas Lagoon, about 20 km 
indeed, displayed a magnetic boundary trending close to northwest of the bay mouth (see McCulloch, 1987, fig. 
and along the shore, thus representing the likely location 15). 
of the San Andreas fault (Griscom, 1980a). From San Francisco southward to lat 35°15' N., the 

Aeromagnetic surveys over the Pacific Ocean at the detailed gravity and magnetic data indicate that, in 
entrance to the San Francisco Bay (Brabb and Hanna, general, the westernmost strand of the main San Andre-
1981) show that the offshore extension of the Pilarcitos as fault zone is the major plate boundary. The layered 
fault (an inactive fault branching westward from the San Franciscan assemblage to the east may be less competent 
Andreas fault) is cut off by the offshore northward l than the granitic basement of the Salinian block to the 
extension of the San Gregorio fault. The San Gregorio west, and new strands may be more likely to appear in 
fault can be traced northward by using a detailed the less competent rocks. An exception to this generali
aeromagnetic map to the point where it intersects the zation is found at lat 36° N., where a thin fault sliver of 
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hornblende-quaitz gabbro occurs at Gold Hill (Ross, 
1970) that has been used to estimate offset on the San 
Andreas fault. The magnetic anomaly associated with 
this gabbro body indicates that it is at most 10 km long by 
2 km wide (U.S. Geological Survey, 1987). 

Farther south along the San Andreas fault, a linear 
magnetic high extends along the fault approximately 
between long 116° and 118° W. (fig. 9.3). On the basis of 
local model studies of this anomaly, Simpson and others 
(in press) show that this feature probably reflects the 
edge of an extensive block of magnetic rocks on the 
northeast side of the San Andreas fault, where the 
magnetic material is Precambrian igneous and metamor
phic rocks, as well as Mesozoic plutonic rocks. Using 
detailed magnetic data (U.S. Geological Survey, 1979), 
the south border or magnetic boundary of this magnetic 
block (fig. 9.4) can be traced from west to east along a 
series of fault segments; from long 117°15' W., the 
boundary follows the southern fault trace to long 116°15' 
W., then crosses o,·er to the northern trace along the 

short, east-west-trending fault segment, and finally con
tinues eastward along the northern trace. These faults 
thus may represent the original fault boundary (now 
somewhat kinked) between the two plates. The geologic 
observation that rocks on the north side of these fault 
segments are native to the San Bernardino Mountains 
and contrast with compositionally different rocks on the 
south side (Matti and others, 1985) agrees with the 
magnetic interpretation. The magnetic boundary contin
ues southeastward along the San Andreas fault in Coach
ella Valley to long 116°08' W. A possible farther 
continuation of this lineai· magnetic high extends south
eastwai'CI at a lower amplitude and diverges eastward 
from the present San Andreas fault, generally following 
and lying northeast of the Clemens Wells fault, a possible 
earlier strand of the San Andreas fault. 

In Coachella Valley, the San Andreas fault (Noith 
Branch or Coachella segment) is situated along the 
northeast side of a substantial linear gravity low caused 
by at least 4. 7 km of low-density sedimentary rocks 
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(Biehler, 1964) filling the valley. Gradient studies on the 
relatively detailed gravity data in this valley by one ofus 
(Griscom) identify numerous fault strands, including the 
northern and southern branches of the San Andreas fault 
(the latter, the Banning fault), as well as several possible 
fault segments on the southwest side of the valley. 

The Garlock fault at long 118° W. changes direction and 
forms a zone as much as 8 km wide. Models of both the 
magnetic and gravity fields calculated normal to the fault 
indicate that here the main lithologic boundary is the 
most northerly fault (fig. 9.4); the granitic rocks farther 
north are more magnetic and less dense than those to the 
south. 

ATTITUDE 

At several sites along the San Andreas fault, the 
juxtaposition of large masses with contrasting densities 
and (or) magnetizations causes characteristic potential-

field anomalies that reflect the attitude of the fault. 
Information on the dip of the fault most commonly is 
obtained through quantitative modeling of these anoma
lies, but in some cases, the anomalies are so diagnostic 
that qualitative interpretations suffice to indicate the 
direction and approximate attitude of the fault plane. 

The results of such interpretations at 16 sites primarily 
along the main trace of the San Andreas fault are shown 
in figure 9.4. The dip and depth-extent of the density or 
magnetization interfaces that are assumed to define the 
fault plane at these sites are somewhat uncertain because 
of the inherent ambiguity of gravity and magnetic 
interpretations, particularly those based on magnetic 
data, because rock magnetizations can have anomalous 
directions associated with their remanent components 
and because magnetic susceptibilities seldom are known 
with sufficient accuracy to serve as effective independent 
constraints. Thus, where the magnetic anomalies can be 
compatible with a vertical fault, we show the dip as 
vertical. The reader should be aware, however, that a 
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dipping interface extending to shallower depth would 
also be compatible with the data in some places. 

Although major strike-slip faults probably are vertical 
over much of their reach, some have inferred dips of less 
than 90°, as indicated by many of the attitudes shown in 
figure 9.4. Just north of Point Arena, a buried magnetic 
body truncated on the east by the San Andreas fault has 
an east boundary that dips east beneath the trace of the 
fault (fig. 9.5A); its precise dip is uncertain but probably 
falls in the range 30°-50°. To the south, near the junction 
of the San Andreas and Calaveras faults, gravity model
ing (Pavoni, 1973) suggests that the fault dips 70° SW. to 
a depth of about 6 km. A detailed study of seismicity 
along this section of the fault (Spieth, 1981) shows that 
hypocenters define a plane dipping 70° SW., thus strong-
ly supporting the interpretation by Pavoni (1973). Rob
bins (1982) also found a southwest-dipping density 
interface at this site but argued that the fault plane was 
vertical, on the basis of a magnetic anomaly that he 
believed reflected a magnetic body, extending from 3- to 
5-km depth, with a southwest edge directly beneath the 
surface trace of the fault. More recent, detailed magnetic 
measurements indicate that this magnetic body is much 
shallower (probably cropping out) than modeled by 
Robbins (1982) and thus weaken the argument for a 
vertical dip. 

Near the intersection of the San Andreas and Garlock 
faults, gravity modeling by Andrew Griscom and K.G. 
Freeman (Griscom and Oliver, 1980) suggests that the 
fault dips 55° SW. to a depth of 6 km and thence vertically 
to a depth of at least 10 km (fig. 9.5B). About 60 km 
farther southeast, gravity data also indicate a southwest
erly dip for the fault, but the angle of dip (30°-60°) is 
uncertain, owing to difficulty in interpreting the complex 
gravity field that results from large lateral density 
variations in the region southwest of the fault. Farther 
southeast, where the San Andreas fault splits into 
numerous branches (long 116°00' W.), gravity data on 
two branches indicate that both faults dip northeast, with 
Precambrian crystalline rocks in the upper plate overly

(fig. 9.5C). Geologic mapping, which shows part of the 
southern branch of the San Andreas fault as a north
dipping thrust fault (Matti and others, 1985), and a study 
of recent earthquakes in this area, which yielded fault
plane solutions of predominantly oblique-slip motion and 
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including low-angle thrust solutions dipping 30° N. 
(Nicholson and others, 1986), both support the gravity 
interpretation of northeast-dipping faults in this area. 

The inferred fault attitudes shown in figurn 9.4 suggest 
a relation between attitude and plan-view geometry. 
Faults tend to be vertical except where they undergo 
abrupt changes of strike. The sinistral bends in the San 
Andreas fault near its junction with the Calaveras fault 
and in the Big Bend region southeast of its junction with 
the Garlock fault create regions likely to be subject to 
compression due to relative southward movement of the 
North American plate with respect to the Pacific plate. 
The dipping fault planes in these regions may reflect a 
thrust component of fault movement that accommodated 
the compression. Similarly, the region around the broad 
dextral bend in the San Andreas fault north of Point 
Arena may have a component of extension parallel to the 
direction of relative plate motion, and the low- angle 
eastward dip of fault plane there may reflect accommo
dation of the extension by low-angle normal faulting. 

The number of examples on which the above specula
tions are based is quite limited, and further detailed 
investigations at critical sites along the San Andreas fault 
system are needed to test the relation between fault 
attitude, change of strike, and relative plate-motion 
direction. 

FAULT-ZONE CHARACTERISTICS 

Millions of years of strike-slip movement along faults of 
the San Andreas system have produced, in many places, 
a narrow fault zone in which physical properties differ 
from those in the surrounding rock masses. These 
differences are due to the presence within the fault zone 
of fractured or pulverized rock, exotic rock slivers that 
have been transported along the fault from other places, 
and such mobile materials as fluids and serpentinite that 
have migrated along the fault zone. A few investigators 
have used gravity and magnetic data to study the 
properties of this zone. 

Although Stierman (1984) and Wang and others (1986) 
sought to explain gravity lows along the fault as the 
result of a substantial increase in porosity by fracturing, 
gravity lows not directly associated with basins filled by 
Cenozoic sedimentary rocks along the faults are very 
uncommon. These rare lows amount, with few exceptions 
(such as the 10-12-mGal low studied by Stierman, 1984), 
to amplitudes of only a few milligals. Feng and McEvilly 
(1983) and Trehu and Wheeler (1987) inferred from 
seismic data that zones of low seismic velocity 5 to 10 km 
wide and more than 10 km deep are associated with the 
San Andreas fault zone and, presumably, with fractured 
rocks. The low-velocity zone of Trehu and Wheeler 
(1987), however, has no associated gravity low, even 

though calculations by Andrew Griscom indicate that this 
zone might be expected to produce a gravity anomaly of 
about -25 mGal and more than 10 wide, using the 
standard velocity-density relations of Hill (1978). An 
explanation for this unexpected result can be found in the 
borehole gravity and seismic-velocity results (Schmoker, 
1977; Stierman and Kovach, 1979) from a 600-m-deep 
borehole in diorite located 1.2 km from the San Andreas 
fault. For the lower half of this borehole, the seismic 
velocity averages only 3.1 km/s (although saturated core 
samples measured 6.6 km/s in the laboratory), and the 
average computed rock densities are as follows: bulk 
density from cores, 2. 72 g/cm3

; borehole density from 
gravity measurements, 2.60 g/cm3

; and computed density 
from borehole velocities (density-velocity relations of 
Hill, 1978), 2.36 g/cm3

• Correcting for a nearby low
density sedimentary section that causes a gravity gradi
ent along the hole raises the borehole density (from 
gravity measurements) closer to the bulk density. The 
results described above indicate that macrofractures can 
cause large decreases in seismic velocity but much 
smaller decreases in density than those predicted from 
standard velocity-density relations. 

Allen (1968) pointed out a possible relation between the 
style of fault movement and the presence of serpentinite 
within fault zones of the San Andreas, Calaveras, and 
Hayward faults. He noted that serpentine is common 
within the fault zone along the creeping section of the San 
Andreas fault between Hollister and Cholame, whereas it 
is absent along the locked segments to the north and 
south. Irwin and Barnes (1975) noted the same relation 
between serpentinite and fault creep and discussed the 
possible role of metamorphic fluids on the seismic behav
ior of fault segments. Hanna and others (1972) studied 
aeromagnetic data along the San Andreas fault between 
San Francisco and San Bernardino and found that the 
creeping segment of the fault is characterized by broad 
aeromagnetic anomalies, which they interpreted as re
flecting large concealed masses of serpentinite. Linear 
magnetic anomalies that most likely reflect serpentinite 
also are present along the creeping section of the 
Hayward fault east of the San Francisco Bay (fig. 9.3). 
These magnetic data support the speculation that appre
ciable amounts of serpentinite contained within a fault 
zone can influence the style of movement on the fault. 

OFFSETS OF ANOMALIES 

Strike-slip movement on the faults of the San Andreas 
system has produced offsets in formerly continuous 
geophysical anomalies. As might be expected, on those 
faults where the geologic offset is at most a few tens of 
kilometers, it is generally easy to identify corresponding 
magnetic or gravity features that are offset by similar 
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distances. Examples of such faults are the Elsinore fault 
and the rectilinear system of minor strike-slip faults in 
the Mojave Desert block northeast of the San Andreas 
fault. In figure 9.4, the two or more piercing points of an 
offset geophysical anomaly are labeled with the same 
letter, and the specific points being described are desig
nated with subscripts, numbered consecutively from 
northeast to southwest across the fault system. 

Offset along the San Andreas fault system in southern 
California is believed to be approximately 300 km in a 
right-lateral sense, based on offset of the Pelona-Oroco
pia schist belts, together with associated characteristic 
Precambrian and Triassic rock assemblages of the thrust 
plate overlying the schist belts (Crowell, 1962; Clarke 
and Nilsen, 1973; summarized in Hamilton, 1978). Iso
static gravity highs are associated with the Orocopia 
Schist (point A1 at lat 33°35' N., northeast side of fault), 
with the Pelona Schist of the Sierra Pelona/Soledad area 
(points A2, A3 at lat 34°35' N., between the San Andreas 
and San Gabriel faults), and adjacent to the south side of 
the Pelona Schist of the Tejon/Garlock area (point A4 at 
lat 34°50' N., south of the San Andreas fault and west of 
the San Gabriel fault). Point A4 is not well determined. 
The offsets of the gravity highs are, respectively, 240 km 
along the San Andreas between the first two highs (A1 

and A2) and 60 km along the San Gabriel between the 
second two highs (A3 and A4), for a total of300 km along 
the San Andreas fault system, in agreement with Crowell 
(1962). The source of the gravity highs is not obvious and 
may not be any of the rocks exposed at the surface 
(Griscom, 1980b), both because the density of the schist 
coring the antiforms is probably similar to or slightly 
lower than that of the surrounding Precambrian crystal
line rocks and because other large areas of Pelona/ 
Orocopia schist do not display associated gravity highs. 
The schist is marine in origin, predominantly metagray
wacke of low metamorphic grade (Haxel and Dillon, 
1978), and may be underlain by subducted oceanic crust. 
The gravity highs may indicate relatively uplifted oceanic 
crust beneath these specific antiformal exposures of the 
schist, or else the proportion of greenstone interbedded 
with schist may increase here with depth. 

As mentioned above in the subsection entitled "Plan 
View," a linear magnetic high that extends along the San 
Andreas fault from long 116° to 118° W. , a distance of 
about 200 km, indicates that a large area north of the fault 
in this region is composed of magnetic rocks, predomi
nantly Mesozoic granitic plutons; the northwest limit of 
th.is magnetic area (J1) is shown in figure 9.4. A similar 
large area of magnetic basement, also predominantly 
Mesozoic granitic rocks, that extends along the south
west side of the San Andreas fault is displaced from the 
former area right-laterally approximately 300 km; the 
northwest limit of this c01Telative area (J2) is also shown 

in figure 9.4. This second area of magnetic rocks does not 
produce a significant magnetic high directly at the fault 
because the fault is on the northeast side of the magnetic 
mass and a magnetic low should occur for this geometry. 

Several significant geophysical anomalies are found 
along the central section of the San Andreas fault north 
of its junction with the Garlock fault. A pronounced 
gravity high is located on the northeast side of the fault 
at lat 34°55' N., where the southern "tail" of the Sierra 
Nevada is exposed. The associated rocks are hornblende
quartz gabbro and anorthositic gabbro (Ross, 1970, 1984) 
that also produce a substantial aeromagnetic high (point 
B1, fig. 9.4). Similar rocks (Ross, 1970) are found within 
the San Andreas fault zone at Gold Hill (point B2 at lat 
35°50' N., too small to show at this scale) and at Logan 
(point B3 at lat 36°52' N.), where magnetic anomalies 
(U.S. Department of Energy, 1981; U.S. Geological 
Survey, 1987) indicate that the gabbro bodies are thin 
slivers within the fault zone. The Logan outcrops are 
offset about 290 km from the gab bro of the Sierran "tail." 
A major northwest-trending magnetic anomaly extends 
northwestward of Logan near the coast (from point B4 at 
lat 37°08' N. ). The source rocks for this magnetic anomaly 
are interpreted to be gabbro, similar to that exposed near 
Logan (Hanna and others, 1972a), because the anomaly 
requires a source body several kilometers thick. These 
corresponding offset geophysical anomalies support the 
geologic correlations implying about 300 to 320 km of 
offset. 

The additional 100 km of granitic rocks extending 
northward from Logan to Montara Mountain (lat 37°35' 
N.) along the southwest side of the San Andreas fault 
does not have any correlative rocks exposed on the 
northeast side of the fault north of the gabbro of Sierran 
"tail," but the concealed crystalline basement rocks 
beneath the sedimentary rocks of the Great Valley may 
be co1Telative. Indeed, recent work on the Tertiary 
sedimentary rocks that overlie this additional 100 km of 
granitic rocks on the San Francisco peninsula suggests a 
lithologic and paleogeographic correlation with similar 
sedimentary rocks of the Great Valley (San Joaquin 
Basin) that are relatively offset 320 to 330 km to the 
southeast (see fig. 3.4; Stanley, 1987). 

Movement on the San Andreas fault north of San 
Francisco (Griscom and Jachens, 1989) is complicated by 
right-lateral displacement added by the presently active 
San Gregorio-Hosgri fault, which intersects the San 
Andreas fault at San Francisco and provides an addition
al 115 km (Graham and Dickinson, 1978) or 150 km (Clark 
and others, 1984; Ross, 1984) of offset. The total offset on 
the San Andreas fault system here is further complicated 
by movement on branch faults to the east (Calaveras and 
Hayward fault systems of unknown offset) and, more 
importantly, by past movement along the Pilarcitos fault, 
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the presently inactive fault strand branching westward either from the eastern metamorphosed Franciscan as
from the San Andreas fault on the San Francisco penin- semblage south of San Francisco or from roof pendants in 
sula. Probably most of the 300 to 320 km of displacement the Salinian block, implying that a major strike-slip fault 
on the San And1-eas fault has taken place along this is located between the well and Point Arena. The 
strand because the presently active strand of the San proposed Pilarcitos fault extension is thus interpreted to 
Andreas fault that lies directly east of the Pilarcitos fault lie here between the well and the coastline on a major 
demonstrates only about 26 km of offset of a character- fault shown by McCulloch (1987). Location of this pro
istic limestone belt within the Permanente terrane of the posed Pilarcitos fault extension farther northwest than 
Franciscan assemblage (Bailey and others, 1964, p. 69; Point Arena is uncertain, although the fault presumably 
M.C. Blake, Jr., oral commun., 1987). The Pilarcitos fault continues to the former triple junction. McCulloch (1986; 
(now truncated to the no1thwest by the San Gregorio 1987, fig. 2b) described a boundary, termed the "Navarro 
fault) may have its former extension on the ocean side of discontinuity," trending east-west from the Point Arena 
the San Gregorio-San Andreas fault at about lat 38°30' N. area to the lower continental slope, on the basis of 
(see fig. 9.4), as proposed by Graham and Dickinson regional differences in magnetic pattern and physiogra
(1978). This proposed extension may have granitic rocks phy; this boundary may be the fault extension or an 
on the southwest side (mm-e than the additional 100 km earlier strike-slip fault of this system. Griscom and 
already discussed) that have no correlatives northeast of Jachens (1989) also hypothesized a more northwestward 
the San Andl·eas fault, unless the total offset on the San extension, approximately co linear with the fault segment 
Andreas system substantially exceeds 300 km or unless south of Point Arena, following a fault trace interpreted 
granitic rocks underlie thrust blocks of Franciscan as- from seismic-reflection profiles (McCulloch, 1987, fig. 
semblage near the south end of the Great Valley (see 14). 
preceding paragraph). There may be other, unidentified Distinctive gravity and magnetic anomalies character
faults within the Salinian block that allow for this ize the poorly known shelf area lying north of Point Arena 
additional offset. and between the San Andreas fault and the proposed 

Offsets of geophysical anomalies along the San Grego- Pilarcitos extension (figs. 9.2, 9.3). The sources of these 
rio-Hosgri fault support a total right-lateral movement of anomalies lie in the basement, with their upper surfaces 
about 100 to 130 km that has been added to the total offset at the basement interface below Tertiary sedimentary 
on the San Andreas fault system north of its junction with rocks, according to geophysical models and basement
the San Gregorio fault. An offset gravity high (Silver, depth calculations. A major gravity high ( +20 mGal) is 
1974) is located on the northeast side near Point Sur located near lat40° N. (point D2 , fig. 9.4). We believe that 
(point C1 at lat 36°30' N.) and on the southwest side at the high-density basement rocks which cause this high 
Afio Nuevo (point C2 at lat 37°15' N.), with an offset of extend southward along the west side of the San Andreas 
105 to 130 km as remeasured by Graham and Dickinson fault at least as far as at Point Arena (E2, fig. 9.4), even 
(1978). We prefer an offset of 105 km (max 115 km) though the gravity values on the map fall below O mGal 
because any larger displacement will place the offset along the southern part of this reach. The basement along 
extension of the Pilarcitos fault on land north of lat 38°30' the postulated southern part of the high is mantled by 1 
N., where no such fault is known. to 3 km of Te1tiary sedimentary rocks (Hoskins and 

Displacements along the San Andreas fault north of lat Griffiths, 1971), which probably cause gravity lows (-15 
38°30' N. have proved difficult to measure, both because to -30 mGal) that here mask the gravity high caused by 
the rocks exposed southwest of the fault near Point the basement. Two magnetic anomalies on the shelf are 
Arena have no obvious correlatives on the opposite side truncated by the San Andreas fault at point F 2 and at a 
of the fault and because most of the fault trace is place a few kilometers south of point G2 (fig. 9.4), which 
concealed beneath the Pacific Ocean (Griscom and is located where the steepest gradient on the northeast 
Jachens, 1989). The rocks cropping out southwest of the side of the second anomaly is truncated by the fault (see 
fault near Point Arena are Upper Cretaceous and Terti- McCulloch, 1987, fig. 17). 
ary marine sedimentary rocks, together with some older Our search for geophysical anomalies or features 
spilitic volcanic rocks that may be part of the Franciscan matching points D2, E2, F 2, and G2 on the opposite 
assemblage (Wentworth, 1968). Little basement informa- (northeast) side of the San And1-eas fault (see Griscom 
tion from rock samples is available in the shelf areas west and Jachens, 1989) began with the observation that 
of the San Andreas fault between Point Arena and the gravity highs are not characteristic of much of the 
Mendocino fault. An important well 20 km west of Point Franciscan assemblage and are observed only extending 
Arena (fig. 9.4) recovered quartz-Inica schist and slate along the San Andreas fault between approximately lat 
basement cuttings (Hoskins and Griffiths, 1971) at a 37° and 38° N. (fig. 9.2). We have selected points D1 and 
depth of about 1.43 km. This description resembles rocks I E 1 (fig. 9.4) as the approximate liinits of the gravity highs 
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on the northeast side and propose to correlate these 
points and their connecting strip of high gravity with the 
co1Tesponding points D2 and E2 and associated gravity 
high discussed in the previous paragraph. The positions 
of these points (D and E) along the fault vary in reliability 
but are probably no more accurate than ±20 km; point E2 

is the most uncertain. The total offset of the gravity high 
by the San Andreas fault is thus about 250± 40 km. We 
have used the gravity results to explore our magnetic
anomaly map (fig. 9.3) for additional correlations. Only 
one correlation was found within an offset range of 
200-300 km. We suggest that point F 1, marking the end 
of a truncated magnetic high passing through San Fran
cisco, correlates with point F 2 and that point Gi, the 
truncated end of a magnetic gradient more than 50 km 
long, correlates with the other truncated gradient at 
point G2• The locations of points F 1, F 2, and G2 along the 
fault are accurate to within about ±5 km. Point G1 is 
located a few kilometers too far to the southeast because 
a short northwestward extension of the feature was 
recently cut off by the young segment of the San Andreas 
fault in the San Francisco peninsula area and now lies 
between the San Andreas and Pilarcitos faults. The offset 
of points F 1 and F 2 is 250 km; the offset of points G1 and 
G2 is 263 km. The magnetic anomalies truncated at points 
F 1 and G1 are associated with northwest-striking belts of 
mafic and ultramafic rocks within the Franciscan assem
blage and are best shown on the more detailed maps by 
Brabb and Hanna (1981) and Griscom and Jachens (1989). 

We conclude that the total offset of the pairs of 
corresponding magnetic features is approximately 
250±10 km. Of this offset, about 105 km is attributable to 
the San Gregorio-Hosgri fault, leaving only 145 km for 
the San Andreas fault south of its junction with the San 
Gregorio fault. Because the total San Andreas offset 
south of the San Francisco peninsula is considered to be 
much larger, namely, about 300 km, we suggest that the 
missing 155 km is predominantly accounted for by former 
movement on the Pilarcitos fault and its proposed north
westward extension, which is thought to intersect the 
San Andreas at about lat 3~0' N., as described above. 
This early Pilarcitos fault was thus formerly the main 
strand of an earlier San Andreas fault system that lay to 
the west of both magnetic features F and G (that is, 
before they were offset by faulting). Note that this 
interpreted fault-movement history and the subsequent 
plate-tectonic analysis all depend on the correctness of 
the correlation between the pairs of offset magnetic and 
gravity anomalies on the San Francisco peninsula and 
northwest of Point Arena. The magnetic and gravity 
anomalies northwest of Point Arena and west of the San 
Andreas fault are such conspicuous features and so 
obviously truncated by the San Andreas fault that we 
would expect to find their counterparts somewhere on 

the opposite side of the fault. Although we can find no 
alternative correlations for these anomalies other than 
those indicated in figure 9.4, we are aware that they may 
not correlate with any anomalies on the opposite side of 
the fault, although we consider this noncorrelation to be 
unlikely. 

Additional information on offset along the proposed 
Pilarcitos fault extension is provided by interpretation of 
two strong magnetic anomalies on the northeast side of 
the San Andreas fault in central California (H1 at lat 
35°30'-35°40' N. and lat 36°00'-36°15' N., respectively). 
The source bodies for both anomalies appear to be 
truncated by the fault, and interpretations of the gravity 
and magnetic fields over both bodies suggest that they 
are composed of serpentinite (Hanna and others, 1972; 
Griscom and Jachens, in press). The most likely candi
dates for corresponding magnetic features on the south
west side of the fault system are the poorly defined 
anomalies at points H2 and 12 west of Point Arena. The 
magnetic field is poorly known in this area, and so 
anomaly locations and shapes may not be accurate, but 
the offset is approximately 435 km from points H1 and 11. 

This distance can be obtained by summing an assumed 
320 km for offset on the San Andreas fault south of San 
Francisco plus 115 km offset on the San Gregorio-Hosgri 
fault. The location of point 12 supports the Navarro 
discontinuity as a possible continuation of the proposed 
Pilarcitos fault extension, or some earlier continuation. 
We suggest that the large magnetic-high area bounded 
by the 500-nT contour and located 25 km south of point 12 

(fig. 9.3) may represent a southerly extension of anomaly 
l, which north of point 11 extends for 400 km along the 
east side of the Coast Ranges. There appear to be no 
satisfactory alternative anomalies for correlation with 
points H1 and 11 along the southwest side of the present 
San Andreas fault near Point Arena. 

IMPLICATIONS FOR PLATE TECTONICS 

In the previous sections, we have discussed how 
potential-field data provide information on the three
dimensional configuration of the San Andreas fault and 
on the various offsets along member faults of the San 
Andreas system in relation to plate tectonics. Here, we 
interpret the potential-field expression of the two ends of 
the San Andreas fault system in relation to plate tecton
ics and lithospheric thickness. 

MENDOCINO TRIPLE JUNCTION 

At the north end of the San Andreas fault off Cape 
Mendocino, three lithospheric plates (the Juan de Fuca, 
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Pacific, and North American) meet at the Mendocino 
triple junction, where a trench meets two transform 
faults, the San Andreas and Mendocino faults. Along this 
trench to the north, the Juan de Fuca plate is subducting 
eastward beneath the North American plate. The geom
etry of this subducted plate has important implications 
(Jachens and Griscom, 1983) for an understanding of the 
Mendocino triple junction and its effects on the tectonics 
of California. During approximately the past 29 Ma, this 
triple junction has been migrating relatively northwest
ward along the coast of California from a latitude near 
Los Angeles (see fig. 3.11; Atwater, 1970; Atwater and 
Molnar, 1973). As this incipient San Andreas transform 
fault lengthened over time, eastward subduction contin
ued to the north of the migrating triple junction. 

During 29-23 Ma, the major fault of the San Andreas 
system was probably situated near the base of the 
continental slope, where an accreted wedge of Miocene(?) 
sedimentary rocks (McCulloch, 1987) accumulated be
tween lat 35° and 40° N., presumably because of oblique 
subduction from transpressive forces between the plates. 
This now-inactive fault forms a contact between oceanic 
and continental crusts (fig. 9.4) that have major differ
ences in magnetic properties (fig. 9.3). The oceanic c111st 
displays the typical oceanic lineated or striped magnetic 
pattern striking north-south and northeast, with inter-
111ptions striking east-west or southeast that are caused 
by transform faults. The continental crust adjacent to 
this inactive fault is magnetically rather smooth and 
featureless. The magnetic boundary between oceanic and 
continental c111st west of the San Andreas fault is very 
abrupt in comparison with active subduction zones (com
pare the magnetic expression of the Cascadia subduction 
zone off Oregon in Bond and Zietz, 1987); the oceanic 
stripes terminate at the base of the continental slope, 
even though reflection profiles show oceanic crust con
tinuing farther east beneath the slope (McCulloch, 1987). 
The low convergence rate of oblique subduction and the 
time available since the fault became inactive may have 
allowed the concealed or subducted oceanic crust to heat 
up sufficiently beneath the continental margin to destroy 
the remanent magnetization that causes the stripes. 

During early Miocene time (23 Ma), the motion along 
the transform must have been essentially strike slip and 
was substantially transferred to the present San Andreas 
fault system in central California. Without subduction 
east of the elongating transform, an ever-enlarging 
triangular hole or window (Dickinson and Snyder, 1979) 
developed in the slab of lithosphere subducted beneath 
the continent. This window model is also applicable to the 
time interval (29-23 Ma) but needs modification to 
include effects of transpression along the earlier San 
Andreas fault. The north boundary of this window is the 
subducted south edge of the Juan de Fuca plate, and hot 

upwelling asthenospheric material presumably occupies 
the window. The south edge of the Juan de Fuca plate lies 
beneath the North American plate at the shore about 20 
km south of Cape Mendocino and can be identified by an 
east-west magnetic anomaly (Griscom, 1980a), as well as 
by the distribution of seismicity (Hutchings and others, 
1981). This position coincides with a steep gravity gra
dient (here called the Cape Mendocino gravity anomaly) 
that slopes downward into a large gravity low (-50 mGal) 
to the north and east. The spatial coincidence between 
the position of the Cape Mendocino gravity anomaly at 
the coast and the place where the south edge of the Juan 
de Fuca plate passes beneath the coastline strongly 
suggests that this gravity anomaly reflects the south 
edge of the subducted plate (fig. 9.4). At least three other 
characteristics (Jachens and G1iscom, 1983) of the anom
aly support this interpretation. (1) The southeastward 
trend of the gravity anomaly and then its change to 
easterly are consistent with the directions of present and 
past relative motions between the Juan de Fuca and 
Pacific plates (Nishimura and others, 1981; Wilson, 1986). 
(2) The gravity anomaly broadens and is less steep 
toward the southeast, suggesting that its source progres
sively deepens in this direction; calculated depths along 
the anomaly to the end of the southeast-trending seg
ment define a line plunging approximately 9° SE. with a 
depth of only 6 km at the coastline corresponding well to 
the 8-km depth estimated from aeromagnetic data 
(Griscom, 1980a). (3) A cross section across this anomaly, 
using the above depths together with reasonable densi
ties and thicknesses for the subducted Juan de Fuca plate 
and the asthenospheric window fill to the southwest, 
produces a calculated gravity model (Jachens and 
Griscom, 1983) in good agreement with the observed 
gravity field. We draw the following conclusions from the 
gravity data (Jachens and Griscom, 1983). 
1. Above the south edge of the Juan de Fuca plate, the 

North American plate must have the shape of a thin lip 
that gradually thickens eastward, attaining a thick
ness of possibly only about 30 km at the Coast Range 
fault; this fault marks the east limit of the Franciscan 
assemblage about 130 km inland from Cape Mendocino 
(see chap. 3). Just south of the Juan de Fuca plate, 
asthenospheric material that filled the slab window 
should lie beneath the North American plate at a 
depth comparable to that of the upper surface of the 
Juan de Fuca plate. Because the North American 
plate has been moving relatively southward across 
this boundary for many millions of years, the top of the 
asthenosphere probably is shallow beneath much of 
the Coast Ranges in central California, and the thin 
west lip of the North American plate may be decou
pled from much of the mantle, although some under
plating by mantle material is likely. 
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2. For reasons similar to conclusion 1, the lithosphere of 
southern California near the San Andreas fault system 
is thin and may be decoupled from much of the mantle. 

3. Relatively thin, decoupled lithosphere may explain 
why deformation along the boundary between the 
Pacific and N 01th American plates takes place over a 
zone 50 to 100 km wide rather than being restricted to 
the San Andreas fault, and why the plate boundary 
has been able to tnigrate eastward from the base of the 
continental slope to its present position at the San 
Andreas fault. It may also explain both why certain 
structural blocks southwest of the fault in southern 
California have been able to rotate clockwise by as 
much as 70°-90° during and after the Miocene (Luy
endyk and others, 1985; Hornafius and others, 1986) 
and how extensional basins formed between these 
blocks. Furthermore, it can help explain why the 
seismicity of the San Andreas fault generally does not 
extend below 12-km depth. 

4. Thin, relatively cool lithosphere of the southward
moving North American plate has been continuously 
placed on hot upwelling asthenosphere when crossing 
the Juan de Fuca plate boundary. As pointed out by 
Lachenbruch and Sass (1980), this process can explain 
the heat-flow anomaly in the North American plate 
that peaks in the Coast Ranges about 300 km south of 
the latitude of Cape Mendocino (Lachenbruch and 
Sass, 1973). Calculations by Lachenbruch and Sass 
(1980) show that, given a velocity of 5 cm/yr for 
movement of the Pacific plate relative to the North 
American plate, the heat flow should increase by a 
factor of 2 approximately 200 km south of the edge of 
the Juan de Fuca plate because 4 Ma is required for 
the heat anomaly to reach the surface from 20-km 
depth. These various parameters agree with the 
observed heat-flow anomaly. For a heat source as 
deep as 20 km, the model requires the hot astheno
sphere to accrete to the bottom of the North American 
plate and to be conveyed off southward, so that a 
continuous supply of vertically moving, hot astheno
sphere be supplied to the bottom near the Juan de 
Fuca plate boundary. This hypothesized coupling 
involves a rather thin layer of accreting upper mantle 
that, in tum, is probably decoupled from underlying 
asthenosphere. The gravitationally predicted depth to 
the base of the North American plate is within the 
litnits required by Lachenbruch and Sass, (1980) 
model, at least within 70 km of the San Andreas fault. 

Interpretation of geologic and geophysical data for the 
San Andreas fault system north of San Francisco 
(Griscom and Jachens, 1989) suggests that eastward 
tnigration of the plate boundary from its presumed 
original position at the base of the continental slope to its 
present position at the San Andreas transfonn fault may 

have occurred by means of a series of eastward jumps of 
the Mendocino triple junction covering a total distance of 
about 150 km during the past 29 Ma. Our general model 
for the history of this triple junction is one of successive 
eastward jumps, with sustained periods at each position 
while significant strike-slip motion occurred on the var
ious transform fault systems, including the San Andreas 
fault. We are aware, however, that the picture in detail 
may have been far more complex. The present position of 
the San Andreas fault north of San Francisco is thus 
interpreted to be relatively youthful. The triple junction 
was initially situated near the base of the continental 
slope at the noithwest end of the Miocene(?) accreted 
wedge (but far to the south of its present latitude); the 
basal fault (McCulloch, 1987) below the subduction com
plex is shown as a toothed line in figure 9.4 because of the 
thrust component in this transform fault. The triple 
junction is interpreted to have been subsequently situ
ated at the north end of the proposed Pilarcitos fault 
extension and then to have jumped eastward a minimum 
of about 100 km to the present San Andreas fault trace at 
what is now approximately lat 38°20' N. on the North 
American plate. When this jump occurred, the three 
faults that formed the junction all had to readjust; the 
simplest scenario is as follows: (1) The Mendocino fault 
was extended on strike farther eastward, for the distance 
of the jump, about 100 km; (2) a new segment of the San 
Andreas fault broke obliquely through the Franciscan 
assemblage to the northwest (severing the correlated 
geophysical anomalies described above) and extended 
from the new triple junction to the junction of the newly 
formed (or soon to be formed) San Gregorio fault with the 
Pilarcitos fault, a distance of about 250 km; and (3) the 
surface trace of the subduction zone north of the triple 
junction also jumped eastward 100 km, thus abruptly 
isolating a thin triangular slab of Franciscan assemblage 
(probably less than 15 km thick) from the North Ameri
can plate. This postulated triangular slab of rocks is now 
gone, most likely subducted away. Further complexity is 
provided by the King Peak subterrane of the King Range 
terrane (McLaughlin and others, 1982), which is an 
elongate mass of turbidites, about 45 km long, just south 
of Cape Mendocino (fig. 9.4) that is believed to have been 
obductively accreted from the west during the early 
Pleistocene (McLaughlin and others, 1986). The King 
Peak subterrane may have been detached and transport
ed northwestwru·d from the San Francisco area (just 
south oflat 38°20' N.) as part of the Pacific plate and then 
reattached to the North American plate by a very recent 
local jump of the triple junction westward less than 35 km 
(McLaughlin and others, 1982); this explanation may 
account for the anomalously higher thermal metamor
phism of this subterrane relative to the terranes that are 
now adjacent to it. Recent work suggests that the triple 
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junction may be on shore at Cape Mendocino (Clarke, 
1988; McLaughlin and others, 1988); if so, the King Peak 
subterrane may still be essentially part of the Pacific 
plate. The tectonic interpretation detailed above also 
requires that the San Gregorio-Hosgri fault first began 
moving and joined the present San Andreas fault at 
approximately the same time as or shortly after the 
eastward jump of the triple junction, and thus cut off the 
proposed northward extension of the Pilarcitos fault, 
after which the extension became inactive. 

The proposed 150-km eastward movement of the triple 
junction can also explain the submarine topography near 
Cape Mendocino, where the Continental Shelf south of 
the Mendocino fault extends about 130 km farther west 
than that directly north of the fault. 

The timing of the jump can be estimated from the 
horizontal offset of the paired geophysical anomalies, 
about 250 km, which translates to an age of about 5 Ma, 
assuming combined strike-slip rates of 4.8 cm/yr (DeMets 
and others, 1987; Minster and Jordan, 1978) for the San 
Andreas and San Gregorio faults. This age estimate is 
crude because it assumes that no other faults were 
absorbing the relative motion between the two plates. 
For example, simultaneous movement on the Hayward
Calaveras fault system will cause the computed age of 
offset to be too young. The eastward jump of the triple 
junction appears to be associated with a change in stress 
orientations in this region. The north end of the San 
Gregorio-Hosgri fault trends about 20° clockwise relative 
to the older fault traces. In addition, the northward
migrating triple junction subsequently traced out a major 
right-lateral bend, as shown by the present position of 
the San Andreas fault north of Point Arena. The central 
section of this bend is about 100 km long and trends 20° 
clockwise to the older trace. This change may correlate 
with the gradual change in absolute motion of the Pacific 
plate that occurred between 5 and 3.2 Ma (Cox and 
Engebretson, 1985; Pollitz, 1986), producing a change 
from strike slip to transpression in this region and a 
clockwise rotation of 20° (Harbert and Cox, 1986) in the 
relative-velocity vector for the plate pair, the same angle 
as the anomalous change in direction for both the San 
Gregorio fault and the right-lateral bend in the San 
Andreas fault north of Point Arena. This change in 
relative motion probably correlates with a change in 
strike direction of the subducting south edge of the Juan 
de Fuca plate, as deduced from gravity data (Jachens and 
Griscom, 1983). Before the jump, this strike was east
west, thus permitting eastward extension of the Mendo
cino transform fault without interference; after the jump, 
the strike of the subducting plate edge changed to S. 60° 
E., making later eastward fault extension more difficult. 

Stratigraphic evidence for the postulated eastward 
jump of the triple junction about 5 Ma may be sought in 

the late Miocene and Pliocene stratigraphy of Deep Sea 
Drilling Project (DSDP) Site 173 (fig. 9.4). Depositional 
hiatuses occur at 5 and 4.3-3.2 Ma (Barron, 1989), 
whereas a study of both micropaleontology and tephra 
beds indicates a hiatus from about 4.4 to 2.8-Ma (Sarna
Wojcicki and others, 1987). McCulloch (1987, fig. 25) 
believed that the middle Pliocene deformation and minor 
erosion interpreted from reflection profiles correlate with 
this 4.4-2.8-Ma hiatus at Site 173. We suggest that the 
eastward jump of the triple junction about 5 Ma was 
shortly followed by the middle Pliocene deformation and 
by the hiatus at Site 173. These two correlative events 
were thus caused both by the jump and by the simulta
neous change in the direction of relative plate motion. 

SALTON BUTTFS SPREADING CENTER 

The San Andreas fault terminates to the southeast in a 
buried spreading center at the south end of the Salton 
Sea, where a row of five small siliceous volcanic domes 
("buttes") protrude above recent sedimentary deposits of 
the Salton Trough. These domes, in addition to being 
associated with a local northeast-striking magnetic high, 
are situated on the crest of a larger, n01thwest-trending 
magnetic high (outlined on fig. 9.4) that is interpreted 
(Griscom and Muffler, 1971) to be caused by a magnetic 
mass, 30 km long, 3 to 12 km wide, and about 4 km thick, 
with its top buried more than 2 km below the surface. 
This magnetic high is associated with a similarly shaped 
gravity high (Biehler and Rotstein, 1979), the source of 
which may partly be the magnetic mass but may also be 
the relatively high density metamorphosed sedimentary 
rocks associated with the geothermal area (Elders and 
others, 1972). The Salton Buttes spreading center prob
ably strikes northeast because the row of domes, the local 
aeromagnetic and gravity anomalies, and the geothermal 
area all coincide and strike northeast; (2) this proposed 
position for the center bisects the larger northwest
trending magnetic high into approximately equal parts 
interpreted to be new "oceanic" crust; and (3), ideally, a 
spreading center should trend approximately normal to 
an associated transform fault. In apparent contradiction, 
the Brawley seismic zone strikes S. 20° E. from the 
Salton Sea (Johnson and Hill, 1982) and consists of 
shallow earthquakes (Severson and McEvilly, 1987) lo
cated mostly within the valley fill; this seemingly anom
alous direction may be due to accommodation of these 
overlying, partly decoupled materials to a series of sh01t 
n01theast-trending spreading centers between the Salton 
Sea and Cerro Prieto, Mexico (see fig. 3.6), on strike S. 
20° E. and 100 km distant (Fuis and Kohler, 1984; Sibson, 
1987). The large, n01thwest-trending magnetic mass is 
interpreted to reflect about 30 km of no1thwestward 
spreading along its long axis, in which the spreading was 
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associated with intrusive activity that built up a 30-
km-long strip of magnetic mafic rocks and new crust in 
the lower section of and below the sedimentary fill. This 
magnetic feature may not be directly comparable to 
oceanic-crustal anomalies because slow cooling beneath 
the fill probably results in weak remanent magnetization, 
unlike the situation for oceanic crust. This anomaly thus 
may be predominantly caused by induced magnetization. 

The gravity field of the Salton Trough, which is filled 
with great thicknesses of Cenozoic sedimentary rocks, 
varies systematically from north to south. An elongate 
gravity low of -30 to -40 mGal is associated with the 
sedimentary rocks northwest of the Salton Sea (beyond 
lat 33°20' N.). Southward along the axis of the trough, 
the gravity field increases rapidly until the south end of 
the Salton Sea, where maximum values of 0 mGal are 
obtained over the presumed spreading center described 
above. Farther southeast, to the United States-Mexico 
border, gravity values range from only -10 to -20 mGal, 
an initially surprising observation because the 3.5 km or 
more of young, unmetamorphosed sedimentary deposits 
in this area might be expected to produce anomalies 
lower than -40 mGal (Biehler, 1964; Griscom, 1980c, p. 
20), similar to the gravity expression northwest of the 
Salton Sea. Biehler (1964) offered two explanations for 
the missing low: thinner crust or local high-density 
basement beneath the trough. Seismic-refraction studies 
(Fuis and others, 1982, fig. 17 A) confirm the second 
explanation and show a deep "subbasement" (density, 3.1 
g/cm3

) in the trough that extends below about 12-km 
depth. Using this refraction model as a constraint, a 
gravity model (Fuis and others, 1982, fig. 20) indicates 
that the crust beneath the trough is no thinner than that 
of the bordering mountains a few kilometers to the 
northeast. 
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A s the Pacific plate slides northward past the North American 
plate along the San Andreas fault, the frictional stress that 

resists plate motion there is overcome to cause earthquakes. 
However, the frictional heating predicted for the process has never 
been detected. Thus, in spite of its importance to an understanding 
of both plate motion and earthquakes, the size of this frictional 
stress is still uncertain, even in order of magnitude. 
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INTRODUCTION 

As one of the best exposed tectonic-plate boundaries in 
the world, the San Andreas fault provides an excellent 
opportunity to study the forces causing interplate motion 
and the associated great earthquakes. Thus, there is 
considerable motivation, scientific, social, and economic, 
to understand the thermomechanics of the San Andreas 
fault system, which has been the subject of intensive 
studies for the past several decades. 

Although substantial progress has been made in un
raveling the complex kinematics of the San Andreas fault 
system (Atwater, 1970; Minster and Jordan, 1984; Wel
don and Humphries, 1986), efforts to determine the 
stresses that give rise to San Andreas fault slip, to date, 
have not led to anything resembling scientific consensus. 
The uncertainty results from widespread disagreement 
over the implications of different methods of assessing 
the stresses. 

The question of how much shear stress acts on the San 
Andreas fault to cause dextral slip began to acquire 
definition in 1968, when the first heat-flow data adjacent 
to the fault zone (fig. 10.1) were gathered and analyzed 
by Henyey (1968). Because these data did not reveal any 
anomalous heat flow near the major active faults of the 
San Andreas system, upper bounds of about 10 to 20 MPa 
on the average frictional stress resisting fault motion 
could be calculated (Brune and others, 1969; Henyey and 
Wasserburg, 1971). These upper bounds were taken as 
evidence confirming speculation on the low strength of 
the crust based on earthquake stress drops, almost 
invariably in the range 0.1-10 MPa (for example, Chin
nery, 1964; Brune and Allen, 1967). At the same time, 
however, laboratory experiments indicated typical fric
tional strengths for precut rock samples of about 100 MPa 
under pressure and temperature conditions thought to 
obtain in the upper crust (Byerlee and Brace, 1968, 1969; 
Byerlee, 1970). 

◄ FIGURE 10.1.-Heat-flow and stress measurements are taken in wells such as this one being drilled by the U.S. Geological Survey at the 
Crystallaire site, 4 km northeast of the San Andreas fault in the western Mojave Desert. Photograph by M.D. Zoback. 
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Over the next several years, new heat-flow measure
ments supported the absence of any local heat-flow 
anomaly associated with the San Andreas fault (Lachen
bruch and Sass, 1973) and thus augmented the position 
for low frictional fault strength. The recognition of a 
broad heat-flow high coincident with the Coast Ranges of 
California led Lachenbruch and Sass (1973) to suggest 
that partial decoupling at the base of the seismogenic part 
of the crust might account for both the weak fault 
(minimum in shear stress at the fault trace) and the broad 
thermal anomaly. 

Additional laboratory experiments on different rock 
types, and in conditions of higher temperature and 
confining pressure than had been obtained previously, 
continued to support high frictional strength in the top 15 
to 20 km of the fault zone (Stesky and Brace, 1973). The 
experimental results are most simply characterized in 
terms of a coefficient of friction that varies little with rock 
type (Byerlee, 1978), slip rate, or slip history (Dieterich, 
1979; Ruina, 1983). As emphasized by Brace and Kohl
stedt (1980) and Kirby (1980), these results still indicate 
a high-strength upper crust. 

Beginning in the late 1970's, inplace stress measure
ments have provided another way to assess the stress 
acting on the San Andreas fault (Zoback and others, 
1977), especially with the advent of stress measurements 
at depths approaching 1 km only a few kilometers distant 
from the fault (Zoback and others, 1980). If the observed 
depth gradient for the component of shear stress thought 
to act on the San Andreas fault could be extrapolated to 
the base of the seismogenic zone, as argued by McGarr 
and others (1982), then the corresponding frictional 
stress resisting fault motion is a factor of 3 greater than 
the upper bound from the heat-flow analyses, as present
ed most recently by Lachenbruch and Sass (1980). 

The most recent developments, if accepted at face 
value, could be construed as additional evidence favoring 
a low-strength San Andreas fault. Specifically, stress
direction indicators on either side of the fault have been 
interpreted to mean that there is almost no shear stress 
resolved on the fault plane, thus implying a very weak 
fault zone (Mount and Suppe, 1987; Zoback and others, 
1987). If so, then the question regarding the strength of 
the fault would be answered, and the outstanding prob
lem would be the equally vexing one of understanding the 
nature of a remarkably weak fault zone. 

This chapter is largely a review and commentary on the 
different approaches taken to estimate the tractions 
acting on the San Andreas fault. We restrict our atten
tion to three main methods: (1) inferring stress from the 
fault's energy budget (thermal and kinetic), (2) inferring 
fault strength from laboratory measurements of the 
stresses needed to slide rocks past one another under 
pressure, and (3) inferring stress on the fault from 
observations of the crustal state of stress. 

ESTIMATES OF AVERAGE STRESS FROM 
FAULT ENERGETICS 

ENERGY BALANCE 

In figure 10.2, an earthquake is viewed, according to 
Reid's (1910) rebound theory, as a strained patch of fault 
surface of area A that suddenly breaks, permitting points 
initially in contact to be displaced from one another by an 
average amount u. The breakage is like the sudden 
failure of an overloaded leaf spring. We are interested in 
the average shear stress acting parallel to the wall in the 
failed section of the fault surface. We denote its initial 
value by Ti and its final value by T2 • Th~ inclined line i~ 
figure 10.3 represents the elastic unloadmg of the medi
um as the earthquake displacement increases to its final 
value u. The area under this line, which represents the 
total elastic energy released by the earthquake per unit 
area of faulted surface, can be written as 

(la) 

where (lb) 

The energy E must supply the work E a of generati~g 
seismic waves and the work Er, converted to heat m 
overcoming frictional resisting forces. Thus, 

(2) 

where the question mark is a reminder (which we shall 
forget for the moment) that there may be other signifi
cant sinks of earthquake energy, such as the surface 
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FIGURE 10.2. - Elastic-rebound theory (Reid, 1910), showing displace
ment near a strike-slip fault segment of area A before and after an 
earthquake with displacement 1,. Arrows along fault indicate direc
tion of relative movement. 
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energy consumed in creating new fractures. We can now 
write 

Ea 
A= TaU (3) 

Er 
A= TrU (4) 

where Ta, the "apparent stress" of seismology, is the 
portion of the earthquake stress 1' allocated to the 
production of seismic waves, and Tr is the average 
frictional resisting stress allocated to the production of 
heat. The individual areas represented by equations 3 
and 4 are shown in figure 10.3 by contrasting patterns. 

This interpretation of the areas in figure 10.3 is fairly 
general, as long as we define Ti, T2, and T,, respectively, 
as the weighted averages of initial stress, final stress, 
and friction over the faulted surface, the weighting 
function being the local fault slip (see Savage and Wood, 

't,- Normal stress, 2.76 MPa 

00 20 40 60 

DISPLACEMENT, IN MICROMETERS 

FIGURE 10.3. -Relation between resisting stress and displacement in 
the unloading elastic medium (inclined line) during an earthquake. As 
slip (u) increases, stress in the rock diminishes linearly from T1 to T2, 

with average value 'r. Area under this line is total work expended per 
unit fault area; area (shaded) below curve of resisting stress (T,(u), 
with average value 'r,) is energy dissipated per unit fault area (E,). 
Difference between total work expended and dissipated energy is 
work (done by apparent stress T.) that is available for seismic 
radiation (E., stippled area). Modified from a laboratory experiment 
on a large granite sample by Lockner and Okubo (1983). 

1971; Lachenbruch and Sass, 1980). Combining equations 
1 through 4 yields 

(5) 

which states that unless the question mark represents 
something important that we've neglected, the average 
earthquake stress -r is the sum of the apparent stress Ta, 

to be estimated from seismic measurements of Ea (eq. 3), 
and the resisting stress Tr, to be estimated from thermal 
measurements of frictional heat Er (eq. 4). 

APPARENT STRESS: SEISMIC fSTIMATE OF Ta 

Seismologists (for example, Wyss and Brune, 1968; 
Savage and Wood, 1971; Wyss and Molnar, 1972) have 
defined apparent stress as 

(6) 

where 11 is the seismic efficiency, defined by 

E 
11 = _!! 

E (7a) 

(7b) 

where equation 7b follows from 7a according to equations 
2 through 5; that is, 11 is simply the fraction of the total 
energy release, or the fraction of the average earthquake 
stress, allocated to seismic radiation. 

To estimate Ta• seismologists first determine the radi
ated energy Ea and the seismic moment M0, defined as 

M0 = GAu, (8) 

where u is the average slip of an earthquake over a 
fault-surface area A, and G is the modulus of rigidity 
(Aki, 1966). Equations 1 and 6 through 8 then yield the 
simple relation 

(9) 

A numerical estimate of Ta can be obtained from 
equation 9 with the following commonly used formulas 
relating earthquake magnitude M to Ea or M0 (Guten
berg and Richter, 1956; Hanks and Kanamori, 1979), 

log M0 = 16 + 1.5M 

log Ea = 11.8 + 1.5M , 

(10a) 

(10b) 
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where M0 and Ea are in ergs. Substitution of equations 10 
in 9 yields 

(11) 

With G=3X104 MPa, the value for Ta is 2 MPa. Almost 
without exception, estimates of Ta fall within the range 
0-5 MPa, with no indication of any systematic depend
ence on either earthquake size or tectonic environment 
(Spottiswoode and McGarr, 1975; Fletcher and others, 
1983; Boatwright and Choy, 1986). In short, 5 MPa 
appears to be a conservative upper bound to Ta. Thus, the 
contribution of Ta is small, and the average fault stress T 
can be large only if the frictional resistance Tr is large ( eq. 
5). 

If laboratory "earthquakes" are proper analogs of 
crustal earthquakes, which may or may not be the case, 
then data for such events, including those illustrated in 
figure 10.3, indicate that Ta is indeed small, only a tiny 
fraction of T,. By inducing unstable frictional failure 
(earthquakes) across a 2-m-long fault between slabs of 
granite 40 cm thick (Dieterich, 1981), Lockner and Okubo 
(1983) measured seismic efficiencies TJ for numerous 
events to conclude that TJ-0.05. If this result were true 
also for natural earthquakes-a big ''if'-then for a 
typical value Ta of 2 MPa, the corresponding value of 1', 
from equation 6, would be 40 MPa, which, as will be seen, 
is nearly 3 times higher than the limit inferred from an 
analysis of heat-flow data (Lachenbruch and Sass, 1980). 

FRICTION: THERMAL ESTIMATE OFT, 

Unlike the energy of seismic waves, which permits an 
estimate of apparent stress T8 for individual earthquakes 
from measurements at distant stations, the heat energy 
of individual earthquakes is not readily analyzable to 
estimate friction because it causes a measurable temper
ature rise only within a few meters of the earthquake 
source, a location inaccessible for measurement. Even for 
the largest earthquakes, these individual temperature 
pulses would be indistinguishable from background a few 
months after the event, and so timely attempts to detect 
them by drilling would be difficult (McKenzie and Brune, 
1972; Lachenbruch, 1986). However, because the fric
tionally generated heat diffuses quite slowly, it should 
accumulate in the vicinity of the fault, eventually building 
up the local thermal gradient until the observable heat 
loss at the Earth's surface in the fault zone exceeds the 
normal background heat flow by the rate of heat gener
ation on the fault. Thus, in principle, the measurement of 
a heat-flow anomaly in the fault zone should permit an 
estimate of the average frictional contribution Tr to the 
earthquake fault stress T (eq. 5). 

The heat-flow anomaly that we seek does not depend 
on the amount of heat Er liberated by a single earthquake 
in a restricted fault area with a displacement u (eq. 4), 
but on the long-term average rate of heat generation (Q) 
and the long-term average slip rate (v) from the cumu
lative effect of successive events. Although most fault 
displacement probably occurs within a few tens of sec
onds during large earthquakes every century or so at slip 
velocities greater than the average ones by a factor of 
about 108, the long-term buildup of the heat-flow anomaly 
would be indistinguishable from that caused by uniform 
slip at an equivalent average velocity because the ther
mal time constant for the buildup (approx 106 yr) is large 
relative to the earthquake-recurrence interval (101-103 

yr). Therefore, we view the slip as a uniform continuous 
process and introduce 

(12a) 

and (12b) 

Differentiation of equation 4 yields 

(13) 

where v is the long-term average slip velocity, Tr is the 
(displacement averaged) frictional resistance, and Q is 
the long-term average rate of frictional heat production 
per unit area on the fault surface. 

Equation 13 refers to the entire seismogenic (brittle) 
layer (approx 10-15 km thick), not just a patch as in 
equation 5. Over this depth, it is reasonable to consider 
the long-term slip velocity v to be independent of depth, 
but generally the heat-production rate Q will not be. For 
example, if the friction Tr increased linearly with depth 
(for example, because of increasing gravitational pres
sure on the fault, as discussed below), the heat produc
tion Q on the fault would also increase linearly, as shown 
in figure 10.4B. According to heat-conduction theory, the 
temperature in the fault plane would then build up over 
time, as shown in figure 10.4C, and a heat-flow anomaly 
would develop at the surface over the fault, as shown in 
figure 10.4A. For such a distribution, a sharp heat-flow 
anomaly is seen to build up over the fault in about 1 m.y.; 
after several million years, it approaches a maximum 
value somewhat greater than half the average frictional 
heat production Q on the fault surface (fig. 10.4B). This 
anomaly falls off over a distance from the fault of the 
same order as the depth of the seismic layer (assumed to 
be 14 km in fig. 10.4). Other reasonable distributions of 
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frictional sources give similar results (see Henyey, 1968; 
Brune and others, 1969; Henyey and Wasserburg, 1971; 
Lachenbruch and Sass, 1973, 1980). 

The long-term slip rate v, which can be estimated from 
studies of offset (and dated) geologic features, generally 
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ranges from 2 to 4 cm/yr for motion on the main trace of 
the San Andreas fault over the past several million years 
throughout California (see chap. 7; Grantz and Dickinson, 
1968). As a useful rule of thumb, if the fault in figure 10.4 
were slipping at an average rate (v) of 3 cm/yr and 

0 14 28 

y 
KILOMETERS 

A 

42 

HORIZONTAL DISTANCE FROM FAULT 

SOURCE STRENGTH 

Q 02 

:c :c 
I- I-
~ X2 

a. 
w 

C C 
rn X Model 1 en 
w xi ...J 

t B z 
Q 
rn z 
w 2 ::; 
c 

FIGURE 10.4. - Surface heat flow q (A) and fault-plane temper
ature 0 ( C) for a linear increase in source strength from zero 
at the surface to Q2 at depth x2 (B). t, time since initiation of 
faulting; >., dimensionless time; Q, average rate of frictional 

DIMENSIONLESS TEMPERATURE 

8(Qx2/K)·1 

0.2 0.3 

TEMPERATURE RISE. IN DEGREES KELVIN 

14 

28 

en 
a: 
w 
tii 
~ 
...J 
52 
~ 
>i 
:c· 
I-a. 
w 
C 

heat generation on fault; K, thermal conductivity. Dimension
al results are for x2= 14 km, K=2.5 W/mK, and Q=42 mW/m2 

(equivalent to 2v=25 mm/yr, Tr~ 50 MPa) (Lachenbruch and 
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resisted by an average frictional stress Tr of 100 MPa, 
then the average rate of frictional heat production Q 
(figure 10.4B) would be about 0.1 W/m2; that is, 

0.1 W/m2 = 100 MPa x 3 cm/yr. (14) 

This quantity is about twice the stable continental heat 
flow, and so, according to figure 10.4A, the correspond
ing heat-flow anomaly over the fault would be about 100 
percent of background after 2 or 3 m.y. of fault slip, 
whereas if the mean frictional resistance were only 10 
MPa, the corresponding heat-flow anomaly would be only 
about 10 percent of background, close to the limit of 
detection. Accordingly, if no heat-flow anomaly could be 
detected over the fault, the mean frictional resistance 
would be no more than about 10 MPa; if the mean 
frictional resistance were about 100 MPa, a very conspic
uous anomaly should be observed. 

An example of heat-flow measurements near the San 
Andreas fault is shown in figure 10.5 for the Mojave 
Desert region of southern California (region 7, fig. 10.6). 
The pattern of anomaly curves from the model in figure 

10.4 is scaled for the estimated local slip velocity (25 
mm/yr; Weldon and Sieh, 1985) and for a mean frictional 
resistance of 50 MPa. Clearly, the data are incompatible 
with such an anomaly; in fact, the average heat flows near 
the fault and far from the fault ("within 10 km" and 
"beyond 10 km," figs. 10.7G, 10.7D) are statistically 
indistinguishable. Figures 10. 7A and 10. 7 B show that the 
same condition prevails in the Coast Ranges of central 
California (regions 3-6, fig. 10.6). In fact, no local 
heat-flow anomaly has been confirmed anywhere on the 
main trace of the San Andreas fault (for possible excep
tions, see Lee, 1983; Lachenbruch and Sass, 1988), and 
so, according to the foregoing simple considerations, the 
average friction on the fault, Tr, probably does not exceed 
10 MPa. 

SUMMARY 

In summary, we note that analysis of the kinetic 
energy of seismic waves suggests that the associated 
apparent stresses (Ta> do not exceed 5 MPa. Similarly, 
analysis of long-term frictional heating and the predicted 
and observed effects on heat flow from conduction theory 
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suggest that the average frictional resistance Tr does not 
exceed about 10 MPa. Thus, according to equation 5, the 
long-term average combined earthquake stress i' proba
bly does not exceed about 15 MPa, and, of course, it could 
be much less. The initial stress T1, or "fault strength," 
would be greater by half the stress drop (fig. 10.2; 
Lachenbruch and Sass, 1980, eq. 41a), no more than 
another 5 MPa, for an upper limit of 20 MPa. The major 
assumptions in this analysis are (1) that heat transfer is 
exclusively by conduction-that is, no significant heat is 
transferred by moving ground water; (2) that the fault 
geometry can be represented by the usual simple con
ventions (see figs. 10.2, 10.3, and 10.4); and (3) that an 
earthquake's energy is converted exclusively to seismic 
waves and heat-that is, no appreciable energy is con
sumed by creating new surfaces, phases, or chemical 
combinations (Lachenbruch and Sass, 1973, 1980). We 
shall discuss these points later. 

ESTIMATES OF AVERAGE STRESS FROM 
LABO RA TORY MEASUREMENTS OF FRICTION 

ROCK FRICTION AND THE STRENGTH OF THE FAULT 

We have seen that the average shear stress i' on an 
earthquake fault can be viewed as the sum of a dynamic 
part Ta and a frictional part Tr· The dynamic part is shown 
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to be small from seismic evidence, and so the earthquake 
stress must be large or small according to the size of Tr

We have also seen that Tr is small according to geother
mal evidence. We now consider a second line of evidence 
from laboratory measurement of friction which suggests 
to many that, contrary to the geothermal evidence, Tr 

must be large. 
According to these results, rock surfaces will slide 

when the shear stress on their surface of contact exceeds 
the static frictional strength Tr, given by 

(15a) 

where (15b) 

a 0 is the normal pressure pushing the surfaces together, 
and Pis the fluid pressure in the pores and cracks tending 
to hold the surfaces apart; a~ is called the "effective" 
normal stress (we generally denote such effective stress
es by a prime, " ' "). The proportionality constant µ. in 
equation 15a is the coefficient of static friction; extensive 
laboratory experiments show that its value is generally in 
the range 0.6--0.9 for a remarkably large variety of rock 
types and surface conditions (Byerlee, 1978), although 
some studies (for example, Wang and others, 1980), 
reported substantially lower friction coefficients for some 
geologic materials, including certain types of fault gouge. 
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We presume that a fault is a fracture with little 
cohesive strength that remains inactive until the natural 
shear stress -r resolved along it exceeds its frictional 
strength Tr given by equation 15. This shear stress, which 
depends on the magnitudes of the principal stresses and 
on the angular relation between the fault plane and the 
principal stress directions (fig. 10.8), is given by (Jaeger, 
1956, p. 8) 

-r = ~ (<11 - ug) sin 20 , (16) 

where it is assumed for convenience that the intermedi
ate-principal-stress direction (u~ lies in the fault plane 
(true if µ. is independent of the orientation of this plane). 
In figure 10.8, u2 is vertical, and u 1 and u 3 are the 
maximum and minimum horizontal principal stresses. 0 
is the angle formed by the fault normal and the direction 
of least compression (u8); it is also the angle between the 
fault trace and the direction of greatest compression ( u 1). 

To express the failure criterion (eq. 15) in terms of the 
stress field and fault orientation, we note that the 
effective normal stress, u~, in equation 15 can be written 
as (Jaeger, 1956, p. 8) 

, - 1 ( , + '\ 1 ( , ') 20 O'n - 2 <11 <Ts, - 2 <11 - 0'3 COS • (17) 

11 

o; 

FIGURE 10.8. -Conventions for discussing orientation of fault relative 
to direction of principal stresses: u 1 >u2>u8• Arrows indicate direc
tion of relative movement along fault. 

With equations 15 through 17, the friction stress Tr that 
must be exceeded on a fault for it to slip can be 
determined if we know (1) the maximum and minimum 
principal stresses u 1 and u8, (2) the fluid pressure P, (3) 
the coefficient of frictionµ., and (4) the angle 0 describing 
the orientation of the fault relative to the principal-stress 
axes. 

As we increase the stress difference, in what direction 
(0) will the Earth ultimately break, and what will be the 
stress on the failure plane? Clearly, the answer could be 
influenced by the existence of planes of weakness (Mc
Kenzie, 1969); for example, major preexisting faults or 
foliated country rock might result in directions with 
anomalously low µ.. 

THE CASE OF EQUAL STRENGTH IN ALL DIRECTIONS 

We first assume that no such directional strength 
variation exists, that the rock is fractured in all direc
tions, and that all potential shear surfaces have the same 
coefficient of friction µ.. In this case, the foregoing 
equations show that the trace of the favored fault plane 
will depart from the direction ◊f maximum compression 
by an angle 0 0, dependent only on the coefficient of 
friction, as follows: 

(18) 

Note that generally 0 0<45° (the direction of the surface 
of maximum resolved elastic shear stress, eq. 16) because 
of the effects of normal stress on friction (Jaeger, 1956). 
With this additional relation (eq. 18), we can express the 
frictional strength Tr of a plane of orientation 0 in terms 
of the coefficient of friction and the effective-principal
stress components as follows: 

Tf µ. 

<T{ 1 + µ. cot 0 

=~1+ 1 + µ.2 
µ. r 1 

\/1 + µ.• ' 
0 = 0o (19a) 

'Tf µ. 
= 

0'3 l-µ.tan0 

µ. ( µ. r 1 
= 1 + µ.2 1 + \/1 + µ.• ' 

0 = 0 0 (19b) 
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µ. 
1 + µ. cot 20 

= -µ.-
1 + µ.2 ' 

(19c) 

To evaluate the frictional strength, the vertical stress 
is generally assumed to be a principal stress (reasonable 
because the Earth's surface supports no traction) equal to 
the rock column's weight, pgz, an assumption supported 
by inplace stress measurements (McGarr and Gay, 1978). 
In this case, the vertical effective stress a~ will be 

a~= pgz - P, (20a) 

where p is the rock density, and the fluid pressure P is 
given by 

p = >..pgz. (20b) 

The value >..=0 represents conditions in dry rock. For a 
typical open ("hydrostatic") hydrologic system, we have 
>..-0.37 ( = Pw-'Prock• where Pw is the density of water). As 
x.-1, the fluid pressure approaches the weight of over
burden, and the vertical effective stress a~ vanishes (as 
discussed below, this limit probably occurs only in the 
thrusting regime, where a 3 is vertical). 

The curves in figure 10. 9 (referred to ordinate scale at 
left margin) give the frictional strength normalized by 
the effective vertical principal stress for those cases in 
which the vertical stress is the maximum (dashed curve), 
average (solid curve), or minimum (dotted curve) princi
pal stress, respectively. The first right-hand ordinate 
scale gives the increase in frictional strength with depth 
(-r/z) for the usual assumption of hydrostatic fluid pres
sure (P=pwgz). For typical values ofµ. from Byerlee's 
results (for example, 0.6--0.9), the frictional strength for 
normal and thrust faults increases with depth at rates of 
about 5 and 20 MPa/km, respectively (fig. 10. 9). The rate 
of increase for strike-slip faults lies between these limits; 
a commonly used value, 8 MPa/km, is shown by the solid 
curve in figure 10.9. For an upper-crustal fault extending 
to 14 km depth, these increases would result in average 
friction (the value at a 7-km depth) of 35, 56, and 140 MPa 
for normal, strike-slip, and thrust faults, respectively 
(see second ordinate scale on right, fig. 10.9). Such 
calculations provide the basis for the expectation of high 
fault stress from the analysis of laboratory results: These 
values are substantially greater than the 20 MPa upper 
limit for initial stress suggested from the analysis of 
heat-flow data in strike-slip tectonic regimes (horizontal 
dashed line, fig. 10.9). Note that the heat-flow limit 
would require µ.$0.2 for the assumed conditions. 

THE CASE OF A WEAK DIRECTION 

The estimates of large friction from the fault model of 
figure 10.9 depend on three principal assumptions: (1) 
that the average coefficient of friction on real faults is 
comparable to typical laboratory values (µ.-0.6--0.9), (2) 
that the average fluid pressure throughout the depth of 
the fault is comparable to the weight of the overlying 
column of water (>..-0.37, eq. 20), and (3) that the 
coefficient of friction (µ.) is the same in all directions, so 
that the fault direction (00) is determined by the applied 
stress ( eq. 18) and not by the orientation of a special plane 
of weakness. Partly in response to recent reports that the 
maximum horizontal principal stress is oriented nearly 
perpendicular to the San Andreas fault (Mount and 
Suppe, 1987; Zoback and others, 1987), we drop the last 
assumption and suppose that the fault occupies a very 
weak plane (which is assumed to contain the intermediate 
principal stress). Because of the anomalous weakness of 
this plane, the friction along it could be very low, 
consistent with the heat-flow data, and faulting could 
persist there irrespective of the ambient stress field. 
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According to the friction model (eq. 15), the two factors 
that might weaken the plane are either an abnormally low 
coefficient of friction or unusually high pore pressure. 
For now, we assume that each of these conditions can 
exist regardless of laboratory or hydrologic evidence. 

The first question we consider is whether a very weak 
fault can coexist with stronger faults such that both types 
are active, as may be the case along the San Andreas fault 
(for a closely related discussion, see Sibson, 1985). To 
address this question, it is convenient to express the 
crustal strength in terms of the ratio u{/u3 (Brace and 
Kohlstedt, 1980). From equations 19a and 19b, the 
condition at failure (eq. 15a) for a weak plane oriented at 
an angle 0 to the direction of u 1 (fig. 10.8) is 

u1 1 + µ. cot 0 
ua 1 - µ. tan 0 . 

(21a) 

For isotropic strength, failure occurs at 0 0 (eq. 18), the 
direction in which u{/u3 is a minimum for a given µ.: 

0 = 0 0 • (21b) 

Faults at angles other than 0 0 support greater deviatoric 
stresses and the higher values of u1/u3 given by equation 
21a. 

The conditions necessary for the coexistence of active 
faults with different coefficients of friction are illustrated 
in figure IO.IO, where the ratio of effective principal 
stresses at the point of failure is plotted as a function of 
the fault angle for various values of the coefficient of 
friction (eq. 21a). Suppose, for example, that the coeffi
cient of friction is only 0.1 in the direction of the San 
Andreas fault, whereas in all other directions it is 0.6. 
Because u1/u3 must be at least 3.1 to cause faulting in the 
crustal environs, the low-strength San Andreas fault 
must be oriented at 0s3.5° or 0~81.5° (fig. 10.10); 
otherwise, u1/u8 would be too low to cause slip in the 
stronger directions. In this example, then, the weak fault 
must be oriented either nearly parallel or nearly perpen
dicular to the direction of u1• 

In the context of the notion that the San Andreas fault 
is nearly perpendicular to the direction of u{, or at 0-90° 
in figure 10.10, we note that a very low coefficient of fault 
friction is required. The strength curves for each value of 
µ. have two asymptotes where u1/u3 - oo. These asymp
totes occur where the denominator of equation 21a 
vanishes; one asymptote is at 0=0, or u1 parallel to the 
fault, for any value ofµ., and the other is at 0=200 (eq. 
8), or 0=90-tan-1 µ.. Thus, the normal to any fault that 
fails in shear must be oriented at an angle of at least tan_ 1 
µ. from the direction of rr1• For the four curves in figure 
10.10, the right-hand asymptotes are at 0=84.3, 73.3, 

59.0, and 48.0, respectively, for µ.=0 .1, 0.3, 0.6, and 0.9. 
Thus, if the fault trace makes an angle greater than 59°, 
thenµ. must be less than 0.6 as long as the fluid pressure 
is less than the least principal stress. 

More generally, enhanced pore pressure alone cannot 
lead to active faults nearly normal to rr1 unless P>rr3, in 
which case rr8<0 and failure is likely to manifest itself as 
hydraulic fracturing rather than fault slip. 

SUMMARY 

To recapitulate, the simplest interpretation of earth
quakes in terms of the frictional fault model and labora
tory measurements of rock friction leads to fault stresses 
many times larger than the limits suggested from heat
flow and fault energetics. This interpretation depends on 
three assumptions: (1) that the average coefficient of 
friction on real faults is comparable to typical laboratory 
values (µ.-0.6-0.9), (2) that the pore-fluid pressure 
throughout the depth of faulting is comparable to the 
weight of the overlying column of water, and (3) that the 
intrinsic resistance of the Earth to sliding is isotropic
that is, no weak directions exist. To reduce the high 
estimates of friction obtained from rock mechanics to the 
low ones obtained from heat flow, we must assume either 
smaller values of the coefficient of friction µ. or larger 
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FIGURE 10.10.-Failure criteria for various coefficients of friction as 
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values of fluid pressure P (see eq. 15). Of particular 
interest in this connection is reported evidence that the 
trend of the San Andreas fault in California might occupy 
an anomalous weak direction. According to Mount and 
Suppe (1987) and Zoback and others (1987), the fault 
plane is nearly perpendicular to the direction of maxi
mum compression (8~,r/2, fig. 10.10), a direction in 
which the resolved shear stress is very small. Such a 
condition could be consistent with the low friction re
quired by heat flow, while permitting high stresses to 
accommodate the subsidiary faulting observed on more 
favorably situated planes. This model, however, raises 
some basic questions regarding the mechanics of faulting; 
for the fault to slip, it must have a low shear strength, as 
well as the low shear stress suggested by its orientation. 
If conventional friction theory applies, anomalously high 
fluid pressure along the fault cannot readily account for 
the required low friction because, unless µ. is unusually 
low, the fault becomes exceedingly resistant to shear 
failure as e begins to approach ,r/2 (fig. 10.10). 

ESTIMATION OF FAULT STRENGTH FROM 
INPLACE STRESS MEASUREMENTS 

In principle, measurements of the magnitude and 
orientation of crustal stress in the vicinity of the San 
Andreas fault should provide the most direct evidence of 
the forces acting to cause interplate motion there. 
However, some essential problems exist with this ap
proach. Because we have little understanding of the 
mechanics of the system, it is difficult to interpret the 
data. We are not dealing with a laboratory experiment in 
which a sample is loaded in a testing machine whose 
characteristics are well known; in such a situation, it is 
straightforward to use gages to estimate the magnitude 
of the load. In contrast to the well-controlled laboratory 
situation, we have little idea of the nature of the forces 
applied to the Earth's crust to cause a deviatoric state of 
stress and, in the case of tectonically active areas, slip 
across major throughgoing faults. We know neither 
where the forces are applied nor what is applying them; 
moreover, there is even debate about what the state of 
stress would be if only gravity were acting (McGarr, 
1988). 

In addition to the absence of a conceptual framework, 
there are numerous experimental difficulties in determin
ing the state of stress, that is, the magnitudes and 
orientations of the three principal stresses as functions of 
position within the crust. Data must be obtained from 
depths below the zone of weathering, in rock that is 
sufficiently strong to support deviatoric stresses. In 
granitic rocks, this requirement, in effect, necessitates 
stress measurements at depths of about 50 m or more, 

thus limiting the measurement technique to hydraulic 
fracturing, the only common procedure that can be used 
at such depths (Haimson and Fairhurst, 1970). 

The hydraulic-fracturing, or "hydrofrac," method in
volves isolating a section of a borehole and then pressur
izing this cylinder by pumping in fluid until a tensile crack 
forms and propagates into the previously unfractured 
rock. By monitoring the pressure-time history of the fluid 
in the isolated section, both the maximum and minimum 
horizontal stresses can be estimated (Hubbert and Willis, 
1957; Zoback and Haimson, 1983). This approach assumes 
that one of the principal stresses av is oriented vertically 
and can be calculated from the weight of overburden (eq. 
20). The other two principal stresses are the maximum, 
a 8 , and minimum, ah, horizontal stresses. In contrast to 
engineering usage, the convention adopted here is for 
compressional stresses to be positive because, in the 
Earth's crust, tensional stresses are rarely encountered, 
even at the surface. 

Although the uppermost crust near the San Andreas 
fault system has not been sampled as much for stress as 
for heat flow, enough inplace stresses have been meas
ured to provide an indication of the state of stress there 
and how it compares with crustal stresses in other 
tectonic settings. To date, 41 successful hydrofrac meas
urements have been made in the 12 wells shown in figure 
10.11 at depths of as much as 850 m. A total of 29 of these 
data, in wells along the Mojave reach of the fault (fig. 
10.llC), were analyzed by McGarr and others (1982). 
Since that study, four stress measurements have been 
made at Black Butte (BB, fig. 10.llC) in the Mojave 
Desert (Stock and Healy, 1988), the data from the Hi 
Vista well have been reanalyzed by Hickman and others 
(1988), and additional measurements have been made in 
central California (Zoback and others, 1980). Currently, 
stress measurements are being made at the Cajon Pass 
well near the southeast end of the Mojave reach of the 
San Andreas fault, with some observations at depths 
below 3 km. Because no clear picture has yet emerged 
(see Healy and Zoback, 1988), we have not incorporated 
the Cajon Pass results into this review. 

The state of horizontal deviatoric stress can be char
acterized in terms of two parameters: the maximum 
horizontal shear stress Tm given by 

(22) 

and the angle 0 between the trace of the fault and the 
direction of maximum horizontal compressive stress a8 • 

Under favorable conditions, both parameters can be 
determined by the hydrofrac technique. We have shown 
that if 0~45°, then Tm is entirely resolved onto the plane 
of the fault to produce its slip; as 0 approaches 0° or 90°, 
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the resolved stress on the fault becomes arbitrarily small 
irrespective of the magnitude ofTm (eq. 16). 
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FIGURE 10.11.-Sketch maps of the Gabilan Range (A), central 
California coast (B), and western Mojave Desert (C), showing 
locations of wells where stress measurements have been taken along 
the San Andreas fault using the hydrofracturing technique. 

Evidence regarding the actual orientation of uH rela
tive to the strike of the San Andreas fault is contradic
tory. Observations favoring e distributed about 45°, so 
as to cause dextral fault slip, were presented by McNal
ley and others (1978), Zoback and others (1980), Zoback 
and Zoback (1980), and Hickman and others (1988); 
however, these data, from the Mojave Desert, show 
considerable scatter. In contrast, Mount and Suppe 
(1987) and Zoback and others (1987) reviewed a broad set 
of data, including many borehole breakout orientations, 
that suggest e-00°; Oppenheimer and others (1988) 
came to a similar conclusion. An intermediate result was 
obtained by Jones (1988), who stated that uH is oriented 
at 65° to the local strike of the San Andreas fault in 
southern California. Thus, currently, we know neither 
the preferred value of e nor whether such a value even 
exists. For the foregoing values of 0 (45°, 65°, or 90°), the 
shear stress resolved on the fault (eq. 16) would be Tm, 
0.77Tm, or 0, respectively. In view of this uncertainty, we 
leave e unspecified and describe what is known ofTm the 
upper limit to the shear stress that can be resolved on the 
fault. 

The first-order feature seen in data from the San 
Andreas fault zone (fig. 10.12) is a marked tendency for 
Tm to increase with depth. The solid line, a regression fit 
to all of the data, indicates a depth gradient of 8.3 
MPa/km, not significantly greater than the gradient of 
7.9 MPa/km reported by McGarr and others (1982) on the 
basis of 29 of the 41 data plotted in figure 10.12. We note 
that the observed depth gradient of Tm also agrees well 
with the curves for strike-slip faults (solid curves, fig. 
10.9) for a coefficient of friction of 0.6 or greater. In 
addition to the general increase in Tm with depth, 
considerable variation from one well to another and 
within individual wells is suggested by figure 10.12. 

Figure 10.13 shows that the departure of the measured 
values ofTm from the regression line in figure 10.12 does 
not vary systematically with distance from the San 
Andreas fault. The principal conclusion to be drawn from 
figure 10.13 seems to be that the magnitude of deviatoric 
stress is not measurably affected by proximity to the San 
Andreas fault. Thus, whatever effect the fault may have 
on the magnitude of the shear stress, it is either too 
subtle, too localized, or too deep to be recognized in the 
current data set. 

We note that there is no detectable difference between 
the Mojave Desert residuals, measured near a locked 
section of the San Andreas fault, and those in central 
California (fig. 10. llA), where the fault is creeping and 
presumably does not produce great earthquakes. If 
measurements were made to greater depths, some dif
ferences might appear, but at least in the topmost several 
hundred meters, the magnitude of shear stress seems to 
be largely independent of position along the strike of the 
San Andreas fault. 
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Having failed to discover any spatial relation between 
the San Andreas fault and deviatoric-stress magnitudes, 
we now consider the question of whether or not any 
detectable differences exist between the stress states 
measured near the San Andreas fault (fig. 10. 12) and 
those measured elsewhere in different tectonic settings. 
A review of crustal shear stress by McGarr (1980) 
considered a large suite of stress data in "hard" rocks 
measured at depths extending to 3.6 km. The resulting 
regression line of 
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Tm (MPa) = 5.0 + 6.59z (km) (23) 

has a greater surface intercept but a similar depth 
gradient to the San Andreas regression 

Tm (MPa) = 1.58 + 7.5lz (km) (24) 

fitted to the crystalline-rock data in figure 10.12. The 
comparison between equations 23 and 24 is not entirely 
appropriate because the data used to develop equation 23 
represent all three stress states; stresses measured in 
regions of strike-slip tectonics were not considered sep
arately by McGarr (1980) (see fig. 10.9). More recently, 
however, data measured in a 2,000-m-deep well in 
Cornwall, U.K. (Pine and others, 1983), permit quite an 
interesting comparison. For both the San Andreas and 
the Cornwall data sets, most of the stress observations 
are compatible with strike-slip tectonics; that is, crv is the 
intermediate principal stress. For most of the San 
Andreas and all of the Cornwall measurements, the rock 
is granitic. In contrast to the San Andreas system, 
however, the tectonic setting in Cornwall is presently 
inactive. The deviatoric stresses at Cornwall are believed 
to be a consequence of the Alpine orogeny, which 
apparently has caused the maximum horizontal stress to 
be oriented northwestward throughout much of Europe 
(for example, McGarr and Gay, 1978). 

The 12 data sets obtained by Pine and others (1983) 
indicate a stress state (fig. 10.14) surprisingly similar to 
that of the San Andreas fault (fig. 10.12). For the 
maximum shear stress, the depth gradient of 7.52 MPa/ 
km is indistinguishable from its counterpart in the 
crystalline San Andreas crust of7.46 MPa/km; however, 
the surface intercept at Cornwall is larger. If the state of 
deviatoric stress is much the same in Cornwall as along 
the San Andreas system, then we must conclude that the 
plate-tectonic motion in California along the San Andreas 
fault has no expression in the shallow (1-2 km deep) 
stress field. Accordingly, much of what has been discov
ered about continental-crustal stress in general may 
apply to the crust adjacent to the San Andreas fault. 

This generalization implies that the applied forces 
which give rise to Tm in the vicinity of the San Andreas 
fault are not specific to the Pacific-North American plate 
boundary. In terms of observed shear stress, a major 
active plate-boundary fault would be at least as likely in 
Cornwall, U.K., as in California from what we currently 
know of stress magnitudes, at depths down to a few 
kilometers. 

DISCUSSION 

From what we currently know of crustal stress and 
heat flow, neither is influenced by proximity to the San 
Andreas fault, the most conspicuous and best studied 
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plate-boundary fault on the continents. The measured 
horizontal shear stress increases rapidly with depth 
(approx 8 MPa/km), essentially as would be predicted 
from laboratory measurements of friction and the as
sumption that crustal stress is limited by the frictional 
resistance of fractures forced together by the weight of 
overlying rocks. From this consistency of independent 
observations, two large "ifs" lead to what seems to be a 
physical contradiction: (1) if these vertical stress gradi
ents persist throughout the depth of the seismogenic 
faulting layer (approx 12-15 km), then the average of the 
maximum horizontal shear stresses throughout the layer 
is quite large (approx 50 MPa); and (2) if the direction of 
the San Andreas fault is aligned with this maximum
horizontal-shear-stress direction, then the frictional heat 
generated by such stress during the documented fault 
motion (tens of kilometers per million years) should cause 
the background heat flow to double as the fault is 
approached. In 100 heat-flow measurements over a 
1,000-km span of the San Andreas fault, no such heat
flow anomaly has been observed. 

The contradiction stems from two separate lines of 
argument: (1) inplace and laboratory measurements of 
rock stress imply average fault stresses of about 50 MPa 
or more, and (2) the absence of a local heat-flow anomaly 
and the energy balance of the fault imply an average fault 
stress of about 15 MPa or less. At least one of these 
arguments must be wrong. We have outlined the major 
factors in each argument, and we shall now point out 
some possible loopholes and areas for further study. 

The energy-balance argument leading to the heat-flow 
constraint on fault stress could be invalidated if the 
neglected energy sinks turn out to be important, or if the 
heat-conduction model is unrealistic or inappropriate. 
The general energy argument assumes that fault slip 
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produces only seismic radiation and heat. It supposes 
that the energy consumed by the grinding of rocks into 
fault gouge (Lachenbruch and Sass, 1980) or the heat 
absorbed by possible phase changes or chemical reactions 
is negligible, and that the energy of seismic radiation 
does not grossly differ from the estimates made by 
seismologists. The heat-conduction model assumes that 
the frictional heat production occurs in a near-vertical 
fault zone (whose width is small relative to its depth) 
extending throughout the seismogenic layer. Systematic 
nonconductive removal of frictional heat by circulating 
ground water could invalidate this model (see O'Neill and 
Hanks, 1980; Williams and Narasimhan, 1989), as could a 
grossly different fault geometry-for example, a fault 
whose lower half was continually being rejuvenated 
because of migration of the upper half away from it along 
an upper-crustal detachment surface (N amson and Davis, 
1988). All of these effects probably deserve further 
study. 

The mechanical argument leading to large fault stress 
is based on observations of inplace stress (to maximum 
depths of approx 1 km in the San Andreas fault zone and 
of approx 4 km elsewhere on the continents), on labora
tory measurements of rock friction and the efficiency of 
simulated earthquakes, and on downward extrapolation 
of these results through the seismic layer, on the 
assumption that fluid pressure is normal and frictional 
properties are uniform and isotropic. The consistency 
between the most frequently measured friction coeffi
cients and the inplace determinations of the vertical 
gradient of maximum shear stress is reassuring (solid 
curves, fig. 10.9; fig. 10.12); however, the downward 
extrapolation of these results to depths of 10 or 15 km is 
an uncertain step, with loopholes that could invalidate 
the high-fault-stress conclusion. 

I 
EXPLANATION 

0 Mojave Desert 

0 Central California 

NE 

16 12 8 4 0 4 8 12 16 20 24 28 32 36 

DISTANCE FROM SAN ANDREAS FAULT, IN KILOMETERS 

FIGURE 10.13. -Averages of N maximum-shear-stress ( Tm) residuals as functions of distance from the San Andreas fault. In calculating residual 
at a particular distance, effect of depth z is removed by using solid-line regression fit to data of figure 10.12 [Tm (MPa)= l.15+8.28z {km)]. 
En-or bars, la. 
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There are at least three such loopholes. First, the fluid 
pressure might increase with depth, as it is known to do 
in some sedimentary basins, approaching the minimum 
principal stress (Berry, 1973). Second, the friction coef
ficient at depth might be lower than average laboratory 
values; such lower values have been reported in some 
studies of gouge and other clay-size aggregates (Wang 
and others, 1980). Each of these effects could substan
tially lower the maximum stress at depth. Third, the 
frictional strength properties might be anisotropic, with 
the main trace of the fault occupying a weak direction. If 
so, the maximum stress at depth might be high, as 
maintained in the mechanical argument, but the shear 
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FIGURE 10.14.-Maximum hori7.0ntal shear stress Tm as a function of 
depth z in granite near Cornwall, U.K. Data from Pine and others 
(1983). 

stress resolved on the fault might be very low, as 
maintained in the thermal argument. Under these cir
cumstances, the fault must be nearly parallel to a 
principal axis, as suggested by Mount and Suppe (1987) 
and Zoback and others (1987). Such a condition could be 
consistent with the low friction on the main fault required 
by heat flow, while permitting high stresses to accom
modate subsidiary faulting on more favorably situated 
planes with normal frictional properties. 

As mentioned above in the section entitled "Introduc
tion," geothermal studies of the San Andreas fault have 
provided evidence for a very weak fault for two decades; 
the meaning of this result depends heavily on the 
direction of principal stresses in the fault zone and the 
magnitude of the stress differences there. As we have 
shown, existing evidence is contradictory, especially in 
the Mojave Desert region. Many measurements of stress 
near the San Andreas fault suggest that the fault trace is 
inclined at an intermediate azimuth (approx 45°) to the 
principal-stress directions, and thereby imply that the 
fault coincides approximately with the direction of max
imum shear stress and that the heat-flow constraint could 
not be satisfied unless horizontal shear stress (and stress 
differences) were low everywhere. In this case, both the 
San Andreas fault and active subsidiary faults with other 
orientations would have to be weak. If, however, the 
horizontal-stress differences are large, the weak fault 
required by heat flow is a "zero shear stress" boundary 
condition on the adjacent fault blocks that requires the 
fault to be almost normal to a principal-stress direction. 
In this case, the heat-flow constraint could be honored on 
an anomalously weak main trace, whereas subsidiary 
faults with other orientations and normal strength could 
also be active. 

Thus, the occurrence of a weak direction may reconcile 
observations of rock mechanics with the longstanding 
implications of thermomechanical studies. It does, how
ever, raise several questions: 

1. Does the maximum-horizontal-principal-stress direc
tion form an intermediate angle with the trace of the 
San Andreas fault (as was formerly accepted and as is 
required by isotropic frictional properties), or is the 
maximum compression nearly fault normal, as sug
gested by more recent observations (Mount and 
Suppe, 1987; Zoback and others, 1987)? As we have 
pointed out, there is conflicting observational evi
dence on this issue. 

2. If the horizontal compressive stress is nearly fault
normal, what is the physical mechanism that permits 
the fault to slip under the small shear stress resolved 
on its direction? We have shown that the mechanism 
commonly invoked to explain a weak fault-namely, 
locally elevated fluid pressure-is not likely; howev
er, anomalously low coefficients of friction could 
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account for slip under near fault-normal compression 
if the frictional fault model is valid. 

3. How would such a weak plate-boundary fault evolve, 
and would its existence imply that the resistance to 
relative motion between the Pacific and North Amer
ican plates is negligible? What is the role of decou
pling and basal resistance? Lachenbruch and Sass 
(1973) pointed out that strong shear stresses in the 
far field which might drive dextral slip between the 
plates cannot be balanced by a weak fault without 
invoking unexpected strength in the lower crust and 
drag (and possible decoupling or "detachment") be
neath the horizontal base of the faulting layers. If the 
faulted plate boundary should weaken as it evolves, 
then either such basal drag must develop near the 
fault,or the far-field stress must diminish to maintain 
the equilibrium condition. The best way to learn 
whether such basal tractions exist is to determine 
whether the shear stress resolved parallel to the fault 
diminishes as the fault is approached (Lachenbruch 
and Sass, 1973; McGarr and others, 1982). We have 
shown here that a transect normal to the San 
Andreas fault shows no such diminution, although the 
observations were much shallower (approx 1 km deep 
or above) than the depth of earthquakes; direct stress 
measurements at seismogenic depths (below 5 km) 
are needed. Whether or not such basal decoupling 
and drag exist near the San Andreas fault is funda
mental to our understanding of its earthquakes and of 
the nature of continental transform plate boundaries 
and their resistance to plate motion. 
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SUPPLEMENT: ADDITIONAL READING AND SOURCE MATERIAL 

Ro BERT E. WALLA CE, Compiler 

To help the reader find avenues into the voluminous 
literature about the San Andreas fault system, the 
following selected references are grouped into four sets: 
(1) maps, (2) review and reference publications, (3) 
publications of historical interest, and (4) publications of 
general interest. Many of these selected references have 
been included because they themselves have extensive 
bibliographies. The references in section 3 are limited to 
those pre-1965, except for Hill's review (1981) on the 
history of concepts. The references in section 4 are 
directed especially toward the layman or specialists in 
disciplines other than earth science. These suggested 
additional readings should be available in most earth
science libraries or from the publisher; many can also be 
found in larger public libraries. 

MAPS 

Bond, K.R., and Zietz, Isidore, 1987, Composite mag
netic anomaly map of the conterminous United 
States: U.S. Geological Survey Geophysical Investi
gations Map GP-977, scale 1:2,500,000. 

Dibblee, T.W., Jr., 1973, Regional geologic map of San 
Andreas and related faults in Carrizo Plain, Temblor, 
Caliente, and La Panza Ranges and vicinity, Califor
nia: U.S. Geological Survey Miscellaneous Geologic 
Investigations Map I-757, 9 p. , scale 1:125,000. 

Drummond, K.J., chairman, 1981, Pacific Basin sheet of 
Plate-tectonic map of the circum-Pacific region: Tul
sa, Okla., American Association of Petroleum Geol
ogists, scale 1:10,000,000. 

Engdahl, E.R., and Rinehart, W.A., 1988, Seismicity 
map of North America: Boulder, Colo., Geological 
Society of America: scale 1:5,000,000, 4 sheets. 

Geological Society of America, 1987, Gravity anomaly 
map of North America: Boulder, Colo., scale 
1:5,000,000, 4 sheets. 

- 1987, Magnetic anomaly map of North America: 
Boulder, Colo., scale 1:5,000,000, 4 sheets. 

Goter, S.K., 1988, Seismicity of California 1808-1987: 
U.S. Geological Survey Open-File Report ~286, 

scale 1:1,000,000. 
Shaded relief map in color with earthquake epicenters in red. 

Jennings, C.W., compiler, 1958-66, Geologic atlas of 
California: Sacramento, California Division of Mines 
and Geology, scale 1:250,000, 27 sheets. 
This atlM conroin, 27 geologic map sheets that together con,titute 
the "Geologic Map of California" at a scale of 1:250,000. Infor
mation sheets accompany each geologic map. As of 1989, the map 
series is being brought up to date, and the Sanro Rosa Regional 
Geologic map series l?A (198f, 5 sheets) and San Bernardino 
Regional Geologic map series SA (1987, 5 sheets) have been 
completed. 

- compiler, 1975, Fault map of California with loca
tions of volcanoes, thermal springs, and thermal 
wells: California Division of Mines and Geology Geo
logic Data Map 1, scale 1:750,000. 
This is the principal map representation of faults in California on 
a single map sheet. It contain, a wealth of information and is 
indispensable to anyone interested in the San Andreas f ault. An 
updated edition is in preparation. 

-- compiler, 1977, Geologic map of California: Califor
nia Division of Mines and Geology Geologic Data Map 
2, scale 1:750,000. 

- 1985, An explanatory text to accompany the 
1:750,000 scale fault and geologic maps of California: 
California Division of Mines and Geology Bulletin 
201 , 197 p. 
A significant review of data. For example, p/,a,te 2 includes four 
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EXPLANATION 

-- Fault 
J Segment on which slip occurred during 

great earthquakes of 1857. 1872, and 
1906-Arrows indicate direction of 
relative movement 

Segment on which slip occurred during 
smaller earthquake 

1836 Date of earthquake of magnitude 7 to 
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Segment on which fault creep occurs 
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SAN ANDREAS FAULT SYSTEM AND OTHER LARGE FAULTS IN CALIFORNIA 
Different segments of fault display different behavior. 
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Memorandum 

Date:  July 6, 2020 

From:  Catalyst Environmental Solutions Inc. 

RE:  Heber 2 Project Description Information  

This information was copied directly from the Conditional Use Permit Amendment Application. None of the 
information provided in this memorandum is new or revised.  

Construction Schedule 

The proposed Project facilities are anticipated to take up to eight months to install, test, and become fully 
integrated with the existing system. Construction will begin immediately after all permits are secured.  

Construction Equipment 

Heavy construction equipment, including semi‐truck trailers, flatbed trucks, excavators/bulldozers, forklifts, 
roller, and cranes would be used to deliver and place the proposed facilities on the Heber 2 Project Site. 
Smaller powered hand tools, such as drills, compressors, and welding equipment would also be used. Employee 
vehicles would be used to transport workers to the Project Site and parked at the designated parking locations. 

Workforce 

The Project would require a temporary increase in labor force (15 workers) during the short‐term construction 
period (approximately eight months). The workforce is assumed to be from southern California and would 
likely not require accommodations.  

Site Preparation 

The Project Site was developed and graded during the original construction of the Heber 2 Complex in 1992, 
and its current condition is exposed soil and gravel.  To ensure the proposed facilities are situated on safe and 
stable surfaces, minor excavation and compaction activities would be performed. The top 18 inches of the 
Project Site’s exposed soil would be removed, extending approximately 5 feet beyond the proposed facilities. A 
minimum of 18 inches of CalTrans Class 2 aggregate based will be placed and compacted to the appropriate 
density (ASTM D1557). On‐site soil that has been piled during excavation will be used as backfill material, as 
necessary. Only those soils free of debris and deleterious matter would be used as backfill material. The 
proposed facilities would be placed on shallow‐spread footers and wall footers to support the structures. All 
site preparation and fill placement activities will be monitored by a qualified geotechnical engineer to detect 
undesirable materials and/or site conditions that may arise during site preparation. 

Demolition and Disposal 

As provided in the CUP application, the Application would apply the following demolition and disposal 
measures: 

 Workers would be required to properly dispose of all refuse and trash to prevent any litter on the site.  
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 During construction, portable chemical sanitary facilities would be used by all construction personnel. 

These facilities would be serviced by a local contractor.  

 All construction wastes, liquid or solid, would be disposed of in compliance with all appropriate local, 

state, and federal disposal regulations.  

 Solid wastes would be disposed of in an approved solid waste disposal site in accordance with Imperial 

County Environmental Health Department requirements. Waste would be routinely collected and 

disposed of at an authorized landfill by a licensed disposal contractor.  

 All hazardous materials would be used, transported, and disposed of in accordance with applicable safe 

handling and disposal regulations. 
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Records Index 

Date:  July 8, 2020 

From:  Catalyst Environmental Solutions Inc. 

RE:  Requested Documents for Heber 2 Repower Project Initial Study & Negative Declaration 

The index below provides an identification number for each document requested in support of the Heber 2 
Repower Project Initial Study and Negative Declaration (IS/ND).  The document number provided in the index 
table correlates to the file name for each requested document.  

Requested Document  Document No. 
Conditional Use Permit (CUP No. 06‐0006) under which the Project must 
obtain an amendment. 

H2RP‐1 

The Permit to Operate, issued to the Heber 2 Complex by the Imperial 
County Air Pollution Control District (“ICAPCD”). 

H2RP‐2 

The California Historical Resources Information System (CHRIS), 
managed by the California Office of Historic Preservation. 

H2RP‐3 (CONFIDENTIAL – NOT 
FOR PUBLIC RELEASE) 

Bryant, William A. and Earl W. Hart. 2007. Fault‐Rupture Hazard Zones 
in California, Alquist‐Priolo Earthquake Studies Zoning Act with Index to 
Earthquake Fault Zones Maps, Department of Conservation, California 
Geological Survey, Special Publication 42. 

H2RP‐4 

Olive, WW., et al. 1989. Swelling Clays Map of the Conterminous United 
States 

H2RP‐5 

Existing Water Permit  H2RP‐6 

Imperial County 2018 PM10 Plan and Imperial County 2018 PM2.5 
Plan. 

H2RP‐7 

ASTM International. 2019. Standard Test Methods for Laboratory 
Compaction Characteristics of Soil Using Modified Effort (DM1557). 

H2RP‐8 

California Air Resources Board (CARB). 2017. Ambient Air Quality 
Standards. 

H2RP‐9 

California Department of Fish and Wildlife. 2019. CNDDB Maps and 
Data 

H2RP‐10 (1 PDF, 2 Excel files) 

California Department of Industrial Relations (DIR). 2016. Safety and 
Health Protocol on the Job 

H2RP‐11 

California Department of Resources Recycling and Recovery 
(CalRecycle). 2017. Integrated Waste Management Plans 

H2RP‐12 

California Department of Toxic Substances Control (DTSC). 2010. 
Certified Union Program Agencies (CUPA). 

H2RP‐13 

California Department of Transportation (Caltrans). 2013. Technical 
Noise Supplement to the Traffic Noise Analysis Protocol. 

H2RP‐14 

California Department of Transportation. 2017. California Scenic 
Highway Mapping System. 

H2RP‐15 

California Department of Water Resources. 2003. California’s 
Groundwater. 

H2RP‐16 

California Office of Planning and Research. 2003. General Plan  H2RP‐17 
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Guidelines. 

United States Environmental Protection Agency (EPA). 2015. National 
Ambient Air Quality Standards. 

H2RP‐18 

United States Geological Survey (USGS). 1990. The San Andreas Fault 
System, California, Robert E. Wallace, editor, U.S. Geological Survey 
Professional Paper 1515. 

H2RP‐19 

Detailed construction schedule.  H2RP‐20 

List of all construction equipment.  H2RP‐20 

Description of construction equipment: hp, engine tier, hours of 
operation per day over the duration of construction. 

H2RP‐20 

Number of workers and commute distance.  H2RP‐20 

Amount of demolition debris and its disposal location  H2RP‐20 

Amount of imported fill.  H2RP‐20 

Acres of grading  H2RP‐20 

 

 

 

 

EEC ORIGINAL PKG

Innovative solutions for a complex world Catalyst 
ENVIRONMENTAL SOLUTIONS 



EEC ORIGINAL PKG

' HEBER2 
UPDATED PROJECT DESCRIPTION 

(AND RESPONSES TO COMMENTS) 



ORMAT Heber 2 Geothermal Repower Project 

 

 

 

 

 

 

 

 

APPENDIX A 

 

Site Photographs  

(Collected on June 1, 2019 and June 13, 2019) 
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Photo 1 – western portion of development site.   Photo 2 – southwest portion of development site. 
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 Photo 3 – northwestern portion of development site.   Photo 4 – northern portion of development site.  
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 Photo 5 – central portion of development site.   Photo 6 – central portion of development site.  
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Photo 7 – northern portion of development site.  
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Biological Resources Clearance Memorandum 

Date:  June 3, 2019 

From:  Catalyst Environmental Solutions 

RE:  Biological Resources Clearance Survey for the Heber 2 Geothermal 
Repower Project 

  

INTRODUCTION 

The Second Imperial Geothermal Company (SIGC), a wholly owned subsidiary of ORMAT Nevada, Inc 
(ORMAT), owns and operates the Heber 2 Geothermal Energy Complex, which was originally 
constructed in 1992 and expanded in 2006. SIGC proposes to amend the existing Conditional Use Permit 
(CUP; No. 06‐0006) to install two water‐cooled ORMAT Energy Converters (OECs) to replace six old units 
from 1992; three 10,000 gallon isopentane above ground storage tanks; and, additional pipeline to 
connect the proposed facilities with the existing Heber 2 Complex (hereinafter, “Project”). All proposed 
facilities would be developed within the existing Heber 2 Complex and fence line. The proposed action 
also includes the extension of the permitted life of the entire Heber 2 facility (including the Goulds 2 and 
Heber South geothermal energy facilities) to 30 years (2019‐2049). The objective of the Project is to 
improve the efficiency of geothermal energy generation and refurbish the Heber 2 Complex to the 
original net generation of 33 megawatts (MW) gross. The total project footprint from developing the 
proposed facilities is approximately 4 acres, with all disturbances occurring within the existing power 
plant fence line.   

Th purpose of this technical memorandum is to verify the absence of any sensitive biological resources 
occurring on/near the proposed development site at the Heber 2 Complex in Imperial County and to 
demonstrate the proposed project’s compliance with applicable federal and state regulations.  

Project Location 

The Heber 2 Complex is located on private lands owned by ORMAT in southern Imperial County (Figure 
1). The proposed development would occur entirely on Assessor’s Parcel Number (APN) 054‐250‐031, 
which is a 39.99‐acre property. The address for Heber 2 is 855 Dogwood Road, Heber, CA 92249. 

Project Description 

Existing Facilities 

The existing Heber 2 Geothermal Energy Power Plant (Heber 2) was permitted for development under 
CUP No. 06‐0006 in 1996 and consists of the following facilities: 

 The Heber 2 Complex currently generates less than the 33 MW net generation capacity, the 
proposed improvements will restore the facility’s generation capacity to 33 MW of renewable 
energy.  
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 The Heber 2 Complex currently includes two injection wells, two six‐cell cooling towers, an 
electrical substation, emergency fire water pump, evacuation skid system‐vapor recovery 
maintenance unit, control room, office space, maintenance facilities, two 10,000 gallons 
isopentane storage tanks, piping, and ancillary equipment/facilities.  

 The parcel where the Heber 2 Complex site is located is approximately 40 acres and is enclosed 
by security fencing.  

 Operations personnel are present at the Heber 2 Complex during routine working hours (8am‐
5pm), and the facility is monitored 24 hours per day from the control room at the Heber 1 
geothermal power plant, approximately 1 mile to the east.  

Proposed Facilities 

SIGC proposes to install two new water‐cooled ORMAT Energy Converters (OECs); three 10,000 gallon 
above ground storage tanks; and, additional pipeline to connect the proposed facilities with the existing 
Heber 2 Complex (hereinafter, “Project”). This application also proposes to extend the permitted life of 
the entire Heber 2 Complex (including the related Goulds 2 and Heber South geothermal energy 
facilities) to 30 years (2019‐2049). The objective of the Project is to improve the efficiency of geothermal 
energy generation and refurbish the Heber 2 Complex to the original nameplate generation of 33 
megawatts (MW). The total project disturbance from developing the new OECs is approximately 4 acres, 
all within the existing power plant footprint and fencing.  Figure 2 provides a site plan of the proposed 
and existing facilities.  

The existing OEC units would be shut down, disassembled, and removed from the Heber 2 site likely 
immediately after the completion of the development of the proposed facilities, and no later than 5 
years after issuance of the CUP.  

The development site is completely devoid of any vegetation and is actively disturbed as part of ongoing 
energy generation operations at Heber 2. Appendix A provides photographs of the development site. 
Considering its current condition, site preparation for the installation of the proposed facilities would be 
limited to minor excavation and soil/gravel compaction.  

ORMAT Energy Converter‐1 (OEC‐1) 
The proposed OEC‐1 unit is a two‐turbine combined cycle binary unit, operating on a subcritical Rankine 
cycle, with isopentane as the motive fluid for the system. This system also consists of a generator, 
turbines, vaporizer, water cooled condensers, preheaters and recuperators, with the OEC served by the 
existing evacuation skid/vapor recovery maintenance unit (VRMU) for purging and maintenance events. 
The design capacity for the unit is 25.43 MW Gross.  

ORMAT Energy Converter‐2 (OEC‐2) 
The proposed OEC‐2 unit is a two‐cycle binary unit, operating on a subcritical Rankine cycle, with 
isopentane as the motive fluid for the system. This system also consists of a generator, turbines, 
vaporizers, water cooled condensers and preheaters, with the OEC served by the existing portable 
evacuation skid/vapor recovery maintenance unit (VRMU) for purging and maintenance events. The 
design capacity for the unit is 14.01 MW Gross. 

Three Additional Isopentane Above Ground Storage Tanks 
To support the new OEC units, three new ABSTs for additional isopentane supply would be installed. 
There are two existing ABSTs, and the new ABSTs would be sited adjacent to the existing tanks. Each 
ABST has a capacity of 10,000 gallons. 
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Construction Schedule 

The proposed developments are anticipated to take up to eight months to install, test, and become fully 
integrated with the existing system. Construction will initiate immediately after all permits are secured. 

REGULATORY FRAMEWORK 

Federal 

Endangered Species Act (ESA) of 1973 (16 U.S.C. 1531‐1544) protects federal listed threatened and 
endangered species from unlawful take (harass, harm, pursue, hunt, shoot, kill ,wound, collect, capture, 
trap or attempt to do so) or significantly modify habitat. If a proposed project would jeopardize a 
threatened or endangered species, then a Section 7 consultation with a federal agency could 
be required. 

Migratory Bird Treaty Act (50 Code Federal Regulations (CFR) 10.13) is a federal statute with several 
foreign countries to protect species that migrate between countries. Over 1000 species are listed and 
may not be disrupted during nesting activities. It is illegal to collect any part (nest, feather, eggs, etc.) of 
a listed species, disturb species while nesting or offer for trade or barter any listed species or parts 
thereof. 

Bald and Golden Eagle Protection Act (16 U.S.C. 668‐668c) protects bald and golden eagles from take 
(harass, harm, pursue, hunt, shoot, kill, wound, collect, capture, trap or attempt to do so) or 
interference with breeding, feeding or sheltering activities. 

Clean Water Act, 1972 (CWA 33 U.S.C. 1251 et seq.) regulates discharges into waters of the U.S. EPA is 
given the responsibility to implement programs to prevent pollution. 

State of California 

California Environmental Quality Act (CEQA) Title 14 CA Code of Regulations 15380 requires that 
endangered, rare or threatened species or subspecies of animals or plants be identified within the 
influence of the project. If any such species are found, appropriate measures should be identified to 
avoid, minimize or mitigate to the extent possible the effects of the project. 

Native Plant Protection Act CDFG Code Section 1900‐1913 prohibits the taking, possessing, or sale 
within the stare of any plant listed by CDFG as rare, threatened or endangered. Landowners may be 
allowed to take these species if CDFW is notified at least 10 days prior to plant removal or if these plants 
are found within public right of ways. 

California Fish and Game Codes 3503, 3503.5. 3513 protect migratory birds, bird nests, and eggs 
including raptors (birds of prey) and raptor nests from take unless authorized by CDFW. 
 
California Fish and Game Code Section 1600 (as amended) regulates activities that substantially diverts 
or obstructs the natural flow of any river, stream or lake or uses materials from a streambed. This can 
include riparian habitat associated with watercourses. 

State of CA Fully Protected Species identifies and provides additional protection to species that are rare 
or face possible extinction. These species may not be taken or possessed at any time except for scientific 
research or relocation for protection of livestock. 

Porter‐Cologne Water Quality Control Act (as amended) is administered by the State Water Resource 
Control Board (SWRCB) to protect water quality and is an avenue to implement California 
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responsibilities under the federal Clean Water Act. This act regulates discharge of waste into a water 
resource. 

EXISTING CONDITIONS 

Topography and Soils 

The entire Heber 2 project site contains Holtville silty clay, wet (63.2%) and Imperial‐Glenbar silty clay 
loams, wet, 0‐2 percent slopes (36.8%) (NRCS 2019). The proposed 4 acres of disturbance contains 
Imperial‐Glenbar silty clay loams, wet, 0‐2 percent slopes. The project site is relatively flat and located at 
approximately ‐5 below sea level. 

Vegetation 

No vegetation is present on the project site. The site is classified as “Agricultural and Developed 
Vegetation” and “Developed and Other Human Use” (USGS 2011). The project site is surrounded on all 
sides by farmland (Agricultural and Developed Vegetation). 

Jurisdictional Waters 

No wetlands or jurisdictional waters are located on the project site.  Man‐made channels are located 
along the southern (Central Main Canal ‐ classified as R2UBHx), northern and eastern (both classified as 
R4SBCx) property line of the project site (USFWS 2019c).  

Wildlife 

The project site is developed with an active geothermal plant. Due to lack of vegetation and water, no 
amphibians, fish, or reptiles are expected to occur onsite. Due to the developed and active nature of the 
site, no mammals or birds are expected to inhabit the site. Mammals including coyote (Canis latrans) 
and pocket gopher (Thomomys spp.) have been observed in the vicinity of the project but are not likely 
to occur onsite due to security fencing. Common bird species including red tailed hawk (Buteo 
jamaicensis), crow (Corvus spp.) pigeon (Columbia livia) have been observed in the vicinity of the project 
and could be transient visitors to the site.  

SENSITIVE AND SPECIAL STATUS SPECIES  
The potential for sensitive species to occur in the vicinity of the project site was evaluated using 
information from the U.S. Fish and Wildlife (USFWS) Information, Planning, and Consultation System 
(IPaC System); California Natural Diversity Database (CNDDB); and California Native Plant Society (CNPS) 
Rare Plant Program. 

Special Status Plants 

No federally listed threatened or endangered plant species have the potential to occur on or near the 
project site (USFWS 2019a).  

Five plant species listed by the CNPS have the potential to occur in the Heber quandrangle in which 
Heber 2 Complex is located (CNPS 2019): 

 Watson's amaranth (Amaranthus watsonii) 

 Abrams' spurge (Euphorbia abramsiana) 

 California satintail (Imperata brevifolia) 

 ribbed cryptantha (Johnstonella costata) 
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 winged cryptantha (Johnstonella holoptera) 

Special Status Wildlife Species 

No federally listed threatened or endangered wildlife species have the potential to occur on the project 
site and no critical habitat exists on or near the project site (USFWS 2019a, b). The following six 
migratory bird species are listed by IPaC as having the potential to occur on or near the project site: 

 Burrowing owl (Athene cunicularia) 

 Costa's hummingbird (Calypte costae) 

 Gila woodpecker (Melanerpes uropygialis) 

 Long‐billed curlew (Numenius americanus) 

 Rufous hummingbird (Selasphorus rufus) 

 Whimbrel (Numenius phaeopus) 

No California special status species are known to occur on the project site (CDFW 2019).  

 

BIOLOGICAL RESOURCES CLEARANCE SURVEY 

Methodology 

On Saturday, June 1, 2019, biologist Amy Plesetz conducted a biological compliance clearance survey of 
the ORMAT Heber Site 2 via pedestrian survey.  

Findings 

The area to be disturbed for the Heber 2 project is completely void of any vegetation. There is no 
suitable habitat for special‐status plant species. There are no tall trees that would encourage raptor 
nesting, no suitable habitat for burrowing owl, and no food source for hummingbirds. No wildlife or 
traces of wildlife, including nesting birds, were observed.  

The area immediately to the west of the proposed disturbed area is developed with solar panels with 
scarce disturbed‐like vegetation that does not provide suitable habitat for any special‐status or common 
species. Areas north and south of the proposed disturbed area contain geothermal plant facilities. Active 
farmland surrounds the entire project site. 

There may be suitable habitat for burrowing owl in the project vicinity, but this habitat is off‐site and 
more than 500 feet away.   

POTENTIAL PROJECTS IMPACTS 
No impacts to biological resources from the proposed project are expected due to the developed nature 
of the site, small project footprint, lack of vegetation and suitable habitat for wildlife, and lack of wildlife 
traces observed during the biological site visit (June 1, 2019).  

No canals or drain structures will be removed or impacted; therefore, there will be no impacts to 
jurisdictional waters. 
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RECOMMENDED AVOIDANCE, MINIMIZATION, AND MITIGATION MEASURES 

 Speed limits of 10 mph would be observed on the project site in order to minimize dust and 

avoid collision and incidental mortality of transient wildlife.  

 The site is void of vegetation; however, vegetation control, including invasive species 

eradication, will be controlled to prevent growth under/near the proposed facilities.  
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PROPOSED PROJECT SITE - HEBER 2
Figure 1

ORMAT
Date: July 2019

Source: Esri, DigitalGlobe, GeoEye, Earthstar Geographics, CNES/Airbus DS, USDA, USGS, AeroGRID, IGN, and the GIS User Community
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Photo 1 – western portion of development site.   Photo 2 – southwest portion of development site. 
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 Photo 3 – northwestern portion of development site.   Photo 4 – northern portion of development site.  
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 Photo 5 – central portion of development site.   Photo 6 – central portion of development site.  
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Cardno  
 
801 Second Avenue  
Suite 1150 
Seattle, WA 98104 
USA 
 
Phone (206) 269-0104 
Fax (206) 269-0098 
 
www.cardno.com 

Technical Memorandum 

 
 
 

Dear Mr. Pogue: 

This technical memorandum describes the results of the cultural resources records review 
completed in June 2019 for the Heber 2 Geothermal Optimization Project. The project is located 
at 855 Dogwood Road, Heber, Imperial County, California. The project is in Section 33 of 
Township 16 South, Range 14 East of the San Bernardino Base & Meridian.   

The cultural resources records review was completed by Cardno, who requested a records 
search at the South Central Coastal Information Center (SCCIC) of the California Historical 
Resources Information System (CHRIS). The SCCIC records search included a review of 
archives containing archaeological site records and reports of cultural resource studies 
previously conducted near the project area. Other resources reviewed include the National 
Register of Historic Places (NRHP), the California Register of Historical Resources (CRHR), the 
California Inventory of Historic Resources, California Historical Landmarks, California Points of 
Historical Interest, and the Historic Property Data File. 

1.0 Review Results 
There are no previously recorded cultural resources (archaeological or historic) within the project 
area. One previously recorded cultural resource (CA-IMP-008166, Niland to Calexico Railroad) 
lies within 1.0 mile of the project area (Figure 1). The railroad, which is still in use today, was 
constructed between 1902 and 1904 by the Southern Pacific Company and runs 65 miles from 
Niland to Calexico. The railroad has not been evaluated for listing in the NRHP.  

There have been 23 surveys, records searches, and environmental impact reports completed 
within 1.0 mile of the project area. These are shown in Table 1 and Figure 2. Two of the studies 

Date June 28, 2019 

To: Ben Pogue, PMP, AICP 
Director of Environmental Planning & Natural Resource Management 
Catalyst Environmental Solutions 
315 Montana Avenue, Suite 311 
Santa Monica, California 90403 

From: Jennifer M. Ferris, MA, RPA 

RE Cultural Resources Records Review for the Heber 2 Geothermal 
Optimization Project  
Confidential – Not for Public Disclosure 
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(SCCIC report numbers IM-00115 and IM-00235) partially covered the current project area. None of these studies 
resulted in the discovery of cultural resources.  

Table 1.  Previously Conducted Studies within 1.0 mile of the Project Area.  

SCCIC 
Report 
Number 

Authors/ Association Year Title Associated 
Cultural 
Resources 

IM-00063 Von Werlhof, Jay, and Shrilee Von 
Werlhof/ Imperial Valley College 
Museum 

1976 Archaeological Examination of a Proposed 
Geothermal Testing Site near Heber, California 

None 

IM-00066 Von Werlhof, Jay, and Sherilee Von 
Werlhof/ Imperial Valley College 
Museum 

1976 Archaeological Record Search of the Heber, 
California, Region 

None 

IM-00075 Von Werlhof, Jay, and Sherilee Von 
Werlhof/ Imperial Valley College 
Museum 

1976 Archaeological Examinations of Certain 
Geothermal Well Test-Site Areas in the Heber, 
California, District 

None 

IM-00115 Von Werlhof, Jay, and Sherilee Von 
Werlhof/ Imperial Valley College 
Museum 

1977 Archaeological Examination of the Heber 
Anomaly Report Prepared For VTN Consolidated, 
Inc. 

None 

IM-00123 VTN Consolidated, Inc. 1977 Draft Environmental Impact Report for the Heber 
Geothermal Demonstration Project 

None 

IM-00185 Von Werlhof, Jay, and George E. 
Collins/ Imperial Valley College 
Museum 

1979 Archaeological Examinations of Proposed 
Geothermal Facilities near Heber, CA 

None 

IM-00192 VTN Consolidated, Inc. 1979 Draft Master Environmental Impact Report for a 
500-Megawatt Geothermal Development at 
Heber, Imperial County, California 

None 

IM-00199 Walker, Carol, Charles Bull, and Jay 
Von Werlhof/ Recon 

1979 Cultural Resource Study of a Proposed Electric 
Transmission Line From Jade to the Sand Hills, 
Imperial County, California 

None 

IM-00233 Walker, Carol, Charles Bull, and Jay 
Von Werlhof/ Recon 

1981 Cultural Resource Study of a Proposed Electric 
Transmission Line From Jade to the Sand Hills, 
Imperial County, California 

None 

IM-00235 Bureau of Land Management 1981 APS/SDG&E Interconnection Project - 
Supplement to the Draft Environmental Document 

None 

IM-00272 Sanchez, Miguel/ PBS & Associates 1982 Draft Environmental Impact Report - Current Land 
Use Plan, Heber Planning Unit 

None 

IM-00301 Welch, Patrick/ Bureau of Land 
Management 

1983 Cultural Resource Inventory for Thirty Proposed 
Asset Management Parcels in Imperial County, 
California 

None 

IM-00368 Imperial County Planning 
Department 

1987 Chevron Geothermal Company Of California 
Supplemental Project Information for the Auxiliary 
Production Facility Heber Geothermal Unit, 
Imperial County 

None 
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SCCIC 
Report 
Number 

Authors/ Association Year Title Associated 
Cultural 
Resources 

IM-00441 ENSR Consulting and Engineering 1990 Environmental Assessment/Initial Study for the 
Placement of Fiber Optic Facilities Between 
Salton Microwave Station And Calexico California 

None 

IM-00536 Burkenroad, David 1979 Phase One Regional Studies APS/SDG&E 
Interconnection Project Transmission System 
Environmental Study Cultural Resources: History 

None 

IM-00537 Wirth Associates, Inc. 1979 Phase One Regional Studies APS/SDG&E 
Interconnection Project Transmission System 
Environmental Study Cultural Resources: 
Archaeology 

None 

IM-00538 Imperial County 1979 Proposed Workscope Phase II Cultural 
Resources Studies APS-SDG&E Transmission 
Interconnect Project, Miguel to Sand Hills, Sand 
Hills to Pvngs 

None 

IM-00547 Cultural Systems Research, Inc. 1982 Draft Archaeological Research Design and Data 
Recovery Program for Cultural Resources Within 
the Mountain Springs (Jade) to Sand Hills Portion 
of the APS/SDG&E Interconnection Project 500kv 
Transmission Line 

None 

IM-00595 Cultural Systems Research, Inc. 1982 Mountain Springs (Jade) to Sand Hills Data 
Recovery Preliminary Report 

None 

IM-01080 Von Werlhof, Jay/ Imperial Valley 
College Desert Museum 

1999 Archaeological Examinations Of The Heber 
Facilities Sewer And Water Improvements Project 

None 

IM-01095 Garnsey, Michael/ ASM Affiliates 2007 Cultural Resources Study For The Proposed 
Mosaic Project, Imperial County, California 

None 

IM-01306 Wirth Associates, Inc. 1980 APS/SDG&E Interconnection Project 
Environmental Study Phase Ii Corridor Studies - 
Native American Cultural Resources Appendices 

None 

IM-01313 Wirth Associates, Inc. 1980 APS/SDG&E Interconnection Project (Phase II 
Corridor Studies) - Cultural Resources: 
Archaeology 

None 
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Figure 1 Cultural resources located within search radius. 
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Figure 2 Previously conducted cultural resources studies within search radius. 
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This report has been prepared by Catalyst Environmental Solutions Corporation under the professional 

supervision of the Principal(s) and/or staff whose signature(s) appear hereon. 

The scope of work and specifications are presented in accordance with generally accepted professional 

engineering practice and those of the California State Water Resources Control Board Order No. 20013‐

001‐DWQ. There is no other warranty either expressed or implied. 
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Project Owner's Certification 

This Water Quality Management Plan (WQMP) has been prepared for Second Imperial Geothermal 

Company (ORMAT Nevada Inc.) by Catalyst Environmental solutions. The WQMP is intended to comply 

with the requirements of the County of Imperial and the Phase II Small MS4 General Permit Imperial 

Valley Watershed. The undersigned, while it owns the subject property, is responsible for the 

implementation of the provisions of the site consistent with the Phase II Small MS4 Permit and the 

intent of the County of Imperial and the unincorporated community of Heber. Once the undersigned 

transfers its interest in the property, its successors in interest and the city/county/town shall be notified 

of the transfer. The new owner will be informed of its responsibility under this WQMP. A copy of the 

approved WQMP shall be available on the subject site in perpetuity. 

"I certify under a penalty of law that the provisions (implementation, operation, maintenance, and 

funding) of the WQMP have been accepted and that the plan will be transferred to future successors." 

Project Data 

Permit/ Application CUP No. 06-0006 Grading Permit N/A 

Number(s): Number(s) 

Tract/Parcel Map APN 054-250-031 Building Permit N/A 
Number(s): Number(s) 

CUP,SUP,and/orAPN: 06-0006 

Owner's Signature 

Owner Name: 
Connie Stechman 

Title: 
VP, Finance 

Company: 
Ormat Nevada Inc. 

Address: 
6140 Plumas Street, Reno, NV 89519 

Email: 
cstechman@ormat.com 

Telephone: 
775-356-9029 

Signature: ~~chlri~ Date: 
8/12/19 

July 2019 
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SECTION 1 Project Description 

The Second Imperial Geothermal Company, a wholly owned subsidiary of ORMAT Nevada Inc (ORMAT), 

owns and operates the Heber 2 Geothermal Energy Complex. The proposed Heber 2 Geothermal 

Repower Project (Project) is located at 855 Dogwood Road, Heber, California within unincorporated 

Imperial County. The Project includes the installation of two water‐cooled ORMAT Energy Converters 

(OECs) to replace six old units from 1992; three 10,000 gallon isopentane above ground storage tanks; 

and, additional pipeline to connect the proposed facilities with the existing Heber 2 Complex (Site). The 

total project disturbance from developing the new OECs is approximately 4 acres, all within the existing 

power plant complex and fence line. A vicinity map of the Project Site is included in Figure 1.  

The Project includes the replacement of six air‐cooled OECs with two water‐cooled OECs. The pre‐

Project pervious area is roughly 4 acres. The Project will result in less than 200 square feet of area 

converted in impervious surface area resulting from installation of equipment footings/foundations. In 

addition, no grading is proposed for the Project. Accordingly, the Project will not result in a change to 

the existing grade and stormwater flows and drainage will not be altered from existing conditions. 

Figure 2 illustrates the existing drainage facilities in the vicinity of the Project. Figure 3 provides a site 

plan of the proposed facilities. 

1.1 SITE LOCATION 
The Site includes approximately 4 acres within the Heber quadrangle of the U.S. Geological Survey 

(USGS) 7.5” topographic map, and sits within Township 16 South, Range 14 East of the San Bernardino 

Base and Meridian in Imperial County, California.  

1.2 LAND USE AND TOPOGRAPHY 

The Project is located on private lands owned by ORMAT in southern Imperial County as shown in Figure 

1. The Project site includes approximately 4 acres entirely within the Assessor’s Parcel Number (APN) 

054‐250‐031, which is a 39.99‐acre property. APN 054‐250‐031 is zoned as A‐2‐G SPA, for General 

Agriculture (A‐2), Geothermal Overlay Zone (G), and in the Heber Specific Plan Area (SPA). The Project 

Site lies at an elevation approximately 15 feet below mean sea level (msl) in the Imperial Valley region of 

the California low desert. The surrounding properties lie on terrain which is flat, part of a large 

agricultural valley.is The Site is currently vacant and unimproved. The Site is also devoid of vegetation 

and is actively disturbed as part of ongoing energy generation operations at Heber 2. Adjacent 

properties outside of the fenced operations yard consists of agricultural land to the north and a solar 

farm to the west. 

1.3 SITE GEOLOGY, HYDROGEOLOGY, AND SOILS 

The part of Imperial County containing Heber lies within the Pliocene to Holocene, Q Geologic Unit 

(McCrink et al. 2011). Three natural geomorphic provinces underlay Imperial County, including the 

Peninsular Ranges, the Colorado Desert, and the Mojave Desert. The Colorado Desert geomorphic 

province spans central Imperial County and contains the Salton Sea and the Imperial valley. This Basin 

and Range province, sometimes referred to as the Salton Trough, is composed of a low‐lying barren 

EEC ORIGINAL PKG



     

                                         ‐ 2 ‐  June 2019 

 

desert basin located between alluvium‐covered, active branches of the San Andreas Fault containing 

Cenozoic sedimentary rocks and alluvial, lacustrine, and eolian deposits. The surface of sediments in the 

middle of the trough are about 275 feet below sea‐level (bsl) (Digital Desert, 2019). 

Surface water in the area of the Site consists of canals and agricultural drains operated and maintained 

by the Imperial Irrigation District. Canals adjacent to the Project Site include Date Drain No. 3, Date 

Drain No. 3a, Date Drain No. 3b, and Date Drain No. 3c as illustrated in Figure 2. These canals ultimately 

drain to the Alamo River, a tributary to the Salton Sea. Surface runoff within the Project Site occurs 

primarily as sheetflow across the lot generally to the north, eventually flowing into the adjoining ditches. 

The regional groundwater flow direction within the Imperial Valley is toward the Salton Sea, a closed 

basin with a surface elevation of approximately 225 feet below sea level. Groundwater flow in the 

Project area flows in a general northwest direction.  

Dry lean silty clays dominate the project site surface extending to approximately 4 to 5 feet below 

ground surface (bgs). These silty clays are underlain by moist stiff clays from approximately 6 ft to 38‐40 

ft bgs. Silty clay to clayey silt dominate 40‐50 ft bgs to the extent of geotechnical exploration (Landmark 

2019). 

1.4 HYDROMODIFICAITON APPLICABILITY 

As discussed above, the Project would result in less than 50 square feet of impervious area from pre‐

Project conditions. In addition, no grading is proposed for the Project or changes to the permeability of 

the Site. As such, the post‐development runoff volume, time of concentration, and peak flow velocity 

would not be altered from that of the pre‐development condition. 

1.5 POTENTIAL STORMWATER POLLUTANTS 

Table 1 summarizes expected stormwater pollutants of concern based on land use and site activities. 

Table 1. Pollutants of Concern 

Pollutant 

Potential to 
Impact 

Stormwater 
(Y/N) 

Additional Information and Comments 

Pathogens (Bacterial/Virus)  N  ‐‐ 

Nutrients – Phosphorous  N  ‐‐ 

Nutrients ‐ Nitrogen  N  ‐‐ 

Noxious Aquatic Plants  N  ‐‐ 

Sediment  Y 
Overland flows over unpaved surface may result in 

sediment in stormwater runoff 

Metals  Y 
Leaks/spills in Project area may result in metals in 

stormwater runoff 

Oil and Grease  Y 
Leaks/spills in Project area may result in oil and grease in 

stormwater runoff 
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Trash/Debris  Y 
Improperly disposed of trash/debris may result in trash in 

stormwater runoff 

Pesticides/Herbicides  N  ‐‐ 

Other  N  ‐‐ 
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SECTION 2 Best Management Practices 

This section describes the Best Management Practices (BMPs) that will be implemented and maintained 

throughout the life of the project. The BMPs will be used to prevent and minimize water pollution that 

can be caused by stormwater runoff. Table 2 details the BMPs selected to be implemented at the Site 

based on the potential pollutants. Note that the Site is within the existing operational footprint and is 

subject to the existing policies and programs implemented by ORMAT for the facility. Because the 

Project does not propose any changes to the existing stormwater volume, peak flow velocity, time of 

concentration or drainage patterns, no structural BMPs are proposed. 

Table 2. Non‐Structural Source Control BMPs 

Pollutant Source  Pollutant  BMP 

Ex
is
ti
n
g?
 

N
e
w
/R

e
vi
se
d
? 

Stormwater run‐
on and runoff 

Erosion, sediment, 
contaminated 
stormwater 

 Stabilize drainage with rocks, gravel, vegetation, 
or riprap 

 Provide perimeter control to isolate sediment 
(loose dirt). Includes earthen berms, fiber rolls, 
silt fence, etc. 

X   

Vehicle Track 
Out 

Sediment, Dust 
 Provide tracking control devise 
 Conduct street sweeping 

X   

Work Areas  Trash 
 Regularly monitor and clean trash 

 Provide employee training for good 
housekeeping 

X   

Equipment Areas 
(OECs, ITLUs, 
pipes)  

Isopentane, 
sediment 

 Control drainage patterns with berms 

 Use water truck for dust control 
 Conduct routine inspections 

X  X 

Stored materials 
and equipment 
maintenance 

Oil, grease, 
hydraulic fluid, anti‐
freeze, metals 

 Provide good housekeeping training 
 Store materials in secondary containment 

 Spill kit and response training 
X   

 

In addition to the activities listed above, ORMAT follows all approved operational guidelines that are 

currently in place. Temporary and permanent soil erosion control BMPs will be implemented in 

conformance with the BMP Fact Sheets provided in the CASQA Stormwater Best Management Practice 

Handbook – Industrial and Commercial (2014).  

2.1 NON‐STRUCTURAL BMPS 

The following are prevention practices utilized to minimize the probability of pollution of stormwater 

discharge. 
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2.1.1 Good Housekeeping 

As a component of this program, good housekeeping practices are performed so that facility is kept in a 

clean and orderly condition. Proper housekeeping practices include: 

 Periodic cleanup of equipment, as needed, based upon facility inspections, 

 Sweeping impervious surfaces, as needed, based upon facility inspections, 

 Proper waste disposal practices and covering of waste storage areas at all times, 

 Proper storage and covering of materials at all times, 

 Removal of any oil‐stained soil/gravel, especially around equipment locations and loading 

areas, 

 Cleaning of significant oil and grease stains on surfaces that drain to the stormwater 

drainage areas, and 

 Cleaning the exterior of oil containers on hydraulic machinery upon discovery of an 

accumulation of hydraulic fluid. 

2.1.2 Preventative Maintenance 

As a component of this program, operations and maintenance staff perform preventative maintenance 

of stormwater management devices to assure their proper operation.  Preventative maintenance of 

stormwater management devices includes the following: 

 Cleaning of accumulated sediment, potential contaminants, and debris from the Site;  

 Inspection of secondary containment structures as part of the regular daily visual 

inspections;  

 Maintenance and inspection of secondary containment structures, as needed, based upon 

inspections;  

 Daily inspection and maintenance of equipment and associated piping and valves as 

required by preventive maintenance procedures;  

 Inspection and maintenance of rainfall protection coverings for waste storage bins and 

receptacles on a periodic basis; and 

 A comprehensive preventive maintenance schedule is performed on all facility operations 

equipment as part of routine procedures. 

2.1.3 Spill Response 

Spill prevention and response is performed according to the facility's SPCC Plan . Copies of this plan are 

located in the on‐site ORMAT office. 

A limited amount of spill cleanup equipment is stored onsite.  This equipment is found within hazardous 

material storage areas.  Detailed information concerning spill cleanup equipment and resources is 

included in the SPCC Plan.   

The volume of containment areas surrounding each potential source is designed to hold the contents of 

a spill from the largest vessel / container. The SPCC Plan summarizes the capacity of potential sources 

and volume of the respective secondary containment areas.   
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2.1.4 Material Handling and Storage 

The primary hazardous material to be stored on‐site is isopentane. The additional isopentane will be 

stored in the appropriately designed (3x) 10,000 gallon above ground storage tanks, as well as the 

existing (2x) 10,000 gallon tanks. The isopentane is used as a motive fluid for geothermal energy 

generation and is not directly discharged, rather is released as an air emission. Therefore, the 

isopentane would not be directly exposed to stormwater. All other hazardous waste would be stored in 

55‐gallon drums and other Department of Transportation (DOT) approved packaging within a contained 

area located on the Site.  Stormwater that accumulates within the hazardous material and hazardous 

waste containment area is collected via vacuum truck and disposed of off‐site or recycled back into the 

production system.  A bill of lading, non‐hazardous waste manifest or uniform hazardous waste manifest 

is used to document all such shipments. 

2.1.5 Employee Training 

A combined annual Storm Water Compliance / SPCC Plan training program is conducted for the Pollution 

Prevention Team members and operations personnel.  Participants undergo stormwater management 

training for all areas and operations at this facility, as well as reviewing the spill response, control and 

countermeasure procedures.  Other stormwater training is done on an as‐needed basis. 

2.1.6 Waste Handling/Recycling 

At times, product or oily waste streams are transferred from the facility in 55‐gallon drums.  A bill of 

lading, non‐hazardous waste manifest or uniform hazardous waste manifest is used to document all 

such shipments.  Operations or contractor personnel closely monitor loading of transport vehicles.  

Collection and satellite accumulation containers for hazardous and non‐hazardous waste are kept 

covered to prevent contact with stormwater.  Appropriate spill control equipment and supplies are kept 

readily available in case of a spill. 

2.1.7 Record Keeping and Internal Reporting 

All inspection, sampling, maintenance, corrective action records, and any other information that is a 

part of this plan are maintained at the facility office.  All records are maintained for a period of at least 

three (3) years. 

2.1.8 Erosion Control and Site Stabilization 

Permanent BMPs used at the facility to prevent soil erosion include routing runoff along earthen swales 

or drainage areas, and preventing run‐off with berms along certain sections of the property line.  

Temporary BMPs used at the Site to prevent soil erosion include the use of sandbags, crushed rock, and 

silt fence.  These BMPs are used as and where needed, especially in areas that are undeveloped or in the 

process of being developed. 
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SECTION 3 Operation and Maintenance Plan 

The Heber 2 Geothermal Repower Project is located at 855 Dogwood Road, Heber, California. The 

following non‐structural water quality best management practices (BMPs) are proposed for the Project: 

 Good Housekeeping 

 Preventative Maintenance 

 Spill Response 

 Material Handling and Storage 

 Employee Training 

 Waste Handling/Recycling 

 Record Keeping and Internal Reporting 

 Erosion Control and Site Stabilization 

3.1 MAINTENANCE RESPONSIBILITY 

The Second Imperial Geothermal Company, a wholly owned subsidiary of ORMAT Nevada Inc (ORMAT) 

is the property owner and is responsible for BMP maintenance. Since ORMAT is the owner, no access 

agreement or easement is necessary to maintain the BMPs. ORMAT funds will be used to support 

Operation and Maintenance (O&M) activities to maintain BMP functionality. ORMAT maintenance staff 

are expected to perform the maintenance. 

3.2 MAINTENANCE ACTIONS AND FREQUENCY 

Maintenance actions are generally grouped into two categories: routine and intermittent.  

Routine Maintenance 

Routine inspections of the Project facilities and grounds will be performed annually. During these 

inspections staff evaluate if there is significant accumulation of trash, debris, or sediment that would 

need to be removed. Cleaning is done as needed based on the results of the inspections. The inspection 

frequency may be adjusted based on experience at the site (e.g., if inspections rarely find any material 

that needs to be cleaned out, then the inspection frequency can be reduced). 

Intermittent Maintenance 

Intermittent maintenance activities include more substantial maintenance that is not required as 

frequently as routine maintenance. The most likely form of intermediate maintenance is removal of 

sediment from existing drainage infrastructure and detention basins where necessary to maintain the 

capacity of the basins. Given that the Project Site is pervious and will not be graded or significantly 

altered and that rain is infrequent in Heber, this type of maintenance is expected to be required 

approximately once every year. 
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3.3 MAINTENANCE PROCEDURES 

During each maintenance visit, the maintenance crew will evaluate existing drainage paths and 

infrastructure by inspecting for the maintenance indicators in Table 3. When a maintenance indicator is 

observed, the action described in the “Maintenance Actions” column will be taken. 

Note that regardless of the projected maintenance type (routine or intermittent) described in the 

previous section, when a maintenance indicator is observed, the required maintenance action will be 

taken. For example, if significant sediment accumulation is observed in year three instead, then the 

accumulated sediment will still be cleaned out, even though the estimated frequency was once every 

year. 

Table 3‐1. Maintenance Indicators and Actions for BMPs 

Typical Maintenance Indicator  Maintenance Action 

Erosion due to concentrated 
stormwater runoff flow 

Repair eroded areas and make appropriate corrective measures such 
as adding berm or stone at flow entry points, or re‐grading as 
necessary. 

Accumulated sediment, litter, or 
debris 

Remove and properly dispose of accumulated materials, without 
damage to stormwater drainage structures. 

Standing water 
Remove any obstructions or debris or invasive vegetation, loosing or 
replace top‐soil to allow for better infiltration, or minor re‐grading for 
proper drainage. 

Obstructed inlet or outlet structures  Clear obstructions. 

Damage to structural components 
such as inlet or outlet structures 

Repair or replace as applicable. 
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Geotechnical Site Summary Memorandum 

Date:  July 2019 

From:  Catalyst Environmental Solutions ‐ Dan Tormey, P.G., Ph.D; Ben Pogue, 
M.P.A., P.M.P., A.I.C.P. 

RE:  Heber 2 Geothermal Repower Project – Geotechnical Site Assessment 

   

This technical memorandum provides a summary of the geotechnical conditions for the Heber 2 
project site, located at the Second Imperial Geothermal Company’s (a wholly owned subsidiary 
of ORMAT Nevada, Inc.) existing Heber 2 Geothermal Energy Complex at 855 Dogwood Road, 
Heber, California, in Imperial County. Site‐specific information was gathered from available 
online resources and extrapolated from the Geotechnical Report Update prepared by Landmark 
Consultants (Landmark, 2019). Landmark’s report provides an update to previous geotechnical 
reports conducted at the site (Landmark 2005, 2007) and reflects the adoption of the 2016 
California Building Code (CBC) and Imperial County’s geotechnical engineering standard of 
practice. 

Desktop reconnaissance was conducted to gather information on the geological‐geotechnical 
site conditions, soil conditions, seismic conditions, liquefaction potential, site stability, and 
stormwater infiltration potential. Collectively, this memorandum provides a comprehensive 
review of the  project site’s geotechnical conditions to support the development of a California 
Environmental Quality Act (CEQA) Initial Study/Negative Declaration (IS/ND), as opposed to an 
as‐graded, or as‐built geotechnical report. 

1.0  Geological/Geotechnical Site Conditions 
The part of Imperial County containing Heber lies within the Pliocene to Holocene, Q Geologic 
Unit (McCrink et al. 2011). Three natural geomorphic provinces underlay Imperial County, 
including the Peninsular Ranges, the Colorado Desert, and the Mojave Desert. The Colorado 
Desert geomorphic province spans central Imperial County and contains the Salton Sea and the 
Imperial valley. This Basin and Range province, sometimes referred to as the Salton Trough, is 
composed of a low‐lying barren desert basin located between alluvium‐covered, active 
branches of the San Andreas Fault containing Cenozoic sedimentary rocks and alluvial, 
lacustrine, and eolian deposits. The surface of sediments in the middle of the trough are about 
275 feet below sea‐level (bsl) (Digital Desert, 2019).  

2.0  Soil Conditions 
There are approximately 28 soil types found in the region of the project area (Aco, Antho, 
Carrizo, Carsitas, Chuckwalla, Cibola, Coachella, Fluvaquents, Gadsden, Gilman, Glenbar, 
Holtville, Imperial, Indio, Kofa, Lagunita, Laposa, Laveen, Mecca, Meloland, Niland, Orita, Ripley, 
Rositas, Salorthids, Superstition, Torriorthents, and Vint). Glenbar, Holtville, and Imperial parent 
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spoils are formed from fine‐textured, stratified alluvial basin deposits (ICPDS 2015). The clay 
material deposited during the formation of the Colorado River delta terrace is the original 
source of Holtville and Imperial parent soils. Many of the other soils were formed from fan 
sediment originating from large gullies created by runoff into the Salton Sea. Imperial County 
soils are characterized by hyperthermic soil temperature and aridic soil moisture regimes 
(Digital Desert, 2019).  

Dry lean silty clays dominate the project site surface extending to approximately 4 to 5 feet 
below ground surface (bgs). These silty clays are underlain by moist stiff clays from 
approximately 6 ft to 38‐40 ft bgs. Silty clay to clayey silt dominate 40‐50 ft bgs to the extent of 
geotechnical exploration (Landmark 2019). 

3.0  Seismic Conditions/Liquefaction Potential 
There are several active faults in the Imperial Valley, including the Brawley Fault Zone, San 
Jacinto Fault Zone (contains the Coyote Creek Fault, the Elmore Ranch Fault, and the Wienert 
Fault), the Elsinore Fault (contains the Laguna Salada Fault), the Imperial Fault, the San Andreas 
Fault Zone, and the Superstitions Hills Fault (ICPDS 2015). There are several mapped faults of 
the San Andreas Fault System across the valley, which is comprised of the San Andreas, San 
Jacinto, and Elsinore Fault Zones. Landmark (2019) employed a computer‐aided search 
approach to assess known faults and seismic zones within 36 miles of the project site. The 
Imperial Fault located 9.4 miles southwest of the project site was the closest mapped 
Earthquake Fault Zone. 

Earthquake hazard zones are characterized by areas susceptible to fault ruptures (ground 
surface breaks/cracks along a fault), liquefaction, and landslides. Ground shaking can occur 
during an earthquake, and its intensity is related to the proximity of the area to the fault, the 
focal depth, soil types, the location of the epicenter, and the size (magnitude) of the 
earthquake. Soils formed from alluvial deposits are more prone to ground shaking than dense 
materials such as bedrock. Moderate to strong ground motion could be expected in the project 
area; however, ground motions could vary considerably due to potential attenuation by rock 
and soil deposits, as well as the type of fault and direction of rupture (Landmark 2019). Soils in 
the project area were classified as Site Class D, which is characterized by a stiff soil profile. 
Further, Landmark determined a Seismic Design Category of D based on a Risk Category III.  

Liquefaction occurs when loosely packed, saturated soil or sediment at or near the ground 
surface loses its strength, which can lead to excessive settlement, ground rupture, lateral 
spreading, or failure of shallow bearing foundations (Imperial County 2015). Landslide and 
liquefaction zones have not been mapped in this area (ICPDS 2015); however, the Colorado 
River Delta region of southern Imperial County (including Heber) is a seismically active area. 
Landmark (2019) evaluated liquefaction potential at the project site using the 1997 NCEER 
Liquefaction Workshop methods. Due to the cohesive nature of the subsurface soils, 
liquefaction is not anticipated at the project site, and mitigation is not recommended. 

Several significant earthquakes have occurred in the vicinity with corresponding surface fault 
ruptures and liquefaction events (McCrink et al. 2011). Four earthquakes greater than 
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magnitude 5 were recorded near Heber, between 1915 and 1979. The El Mayor‐Cucapah 
earthquake (magnitude 7.2) that occurred throughout southern Imperial valley in 2010 caused 
widespread liquefaction near the towns of Calexico (immediately south of Heber) and El Centro 
(immediately north of Heber). 

4.0  Stormwater Infiltration Potential 
Encouraging stormwater infiltration by means of a stormwater management plan (SWMP) can 
improve water conservation by reducing evaporation and increasing groundwater recharge, as 
well avoiding erosion and potential damage to concrete foundations and slabs. Beneficial water 
quality of streams and rivers can also be maintained by preventing discharge of stormwater 
containing sediments and other materials. The City of El Centro and City of Imperial SMP 
provide best management practices (BMPs) for stormwater management by commercial 
businesses and industrial operations (City of El Centro and Imperial County 2013). 

Heber also has a Master Drainage Plan (established in 2006), although the town’s management 
of stormwater defers to the Imperial County Planning and Development guidelines and the 
county Public Works Department. The Imperial Irrigation District board adopted the Imperial 
Integrated Regional Water Management Plan (IRWMP) in 2012 (GEI 2012). The plan was 
developed to support the efforts to meet the County’s future water resource demands while 
conforming to California Department of Water Resources guidelines.  

Groundwater is encountered approximately 8 to 10 feet bgs at the project site (Landmark 
2019). Onsite infiltration potential (capacity of the most limiting layer to transmit water [Ksat]) 
ranges from very low to moderately low (0.00 to 0.06 inches per hour) (Holtville silty clay, wet; 
approximately 71% of the project site) to moderately high (0.20 to 0.57 inches per hour) 
(Imperial‐Glenbar silty clay loams, wet; approximately 29% of the project site). These soil types 
are also considered to be moderately well drained (NRCS 2019). Evaporation potential is 
considered poor at the project site. 

5.0  Site Stability 
The project site is located within the seismically active Imperial Valley and has the potential for 
ground disturbance based on soil and subsurface characteristics. Recommendations for the 
expansion project, including engineered design and earthquake‐resistant construction 
complying with the latest edition of the CBC for Site Class D are provided in Landmark’s 
updated geotechnical report (2019). 
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780 N. 4th Street 
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1760) 370-3000 
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77-948 Wildcat Drive 
Palm Desert, CA 92211 
1760) 360-066 5 
1760) 360-0521 fax 

Landmark Consultants, Inc. is providing this geotechnical report for the project at the Heber 2 

Repower geothermal power plant. This report updates Landmark's 2004 and 2007 Geotechnical 

Reports for the power plant located at 855 Dogwood Road southwest of Heber, California. The 

update addresses changes made due to the adoption of the 2016 California Building Code (CBC) 

and geotechnical engineering standard of practice in Imperial County. The original reports (LCI 

Report No. LE04354, dated January I 0, 2005 and LCI Report No. LE07178, dated May 9, 2007) 

are provided in Appendix D and Appendix E, respectively. 

This update report presents selected elements of our findings and professional opinions only. It 

does not presem aii oeLaiis L□aL may ut: ut:t:ut:u 1u1 i.111;; p1up1;;1· app!k,a~il:,.ii 0f 0 .... - fiiidiiig:; ~iid 

professional opinions. Our findings, professional opinions, and application options are best related 

through reading the full Geotechnical Report Update, and with the active participation of the 

engineer of record who developed them during design and construction of the project. 

Seismic Parameters 

Seismic Risk: The project site is located in the seismically active Imperial Valley of southern 

California with numerous mapped faults of the San Andreas Fault System traversing the region. 

The San Andreas Fault System is comprised of the San Andreas, San Jacinto, and Elsinore Fault 

Zones in southern California. The Imperial fault represents a transition from the more continuous 

San Andreas fault to a more nearly echelon pattern characteristic of the faults under the Gulf of 

California (USGS 1990). We have performed a computer-aided search of known faults or seismic 

zones that lie within a 36 mile (57 kilometer) radius of the project site as provided in Table 1. 
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A fault map illustrating known active faults relative to the site is presented on Figure 1, Regional 
Fault Map. A legend for the regional fault map is presented on Figure 2. The criterion for fault 
classification adopted by the California Geological Survey defines Earthquake Fault Zones along 
active or potentially active faults. An active fault is one that has ruptured during Holocene time 
(roughly within the last 11,000 years). A fault that has ruptured during the last I .8 million years 
(Quaternary time), but has not been proven by direct evidence to have not moved within Holocene 
time is considered to be potentially active. A fault that has not moved during both Pleistocene and 
Holocene time (that is no movement within the last 1.8 million years) is considered to be inactive. 
Review of the current Alquist-Priolo Earthquake Fault Zone maps (CGS, 2000a) indicates that the 
nearest mapped Earthquake Fault Zones are the Imperial fault located approximately 9.4 miles 
southwest of the project site. 

Site Acceleration: The project site is considered likely to be subjected to moderate to strong 
ground motion from earthquakes in the region. Ground motions are dependent primarily on the 
earthquake magnitude and distance to the seismogenic (rupture) zone. Accelerations also are 
dependent upon attenuation by rock and soil deposits, direction of rupture and type of fault; 
therefore, ground motions may vary considerably in the same general area. 

CBC General Ground Motion Parameters: The 2016 CBC general ground motion parameters are 
based on the Risk-Targeted Maximum Considered Earthquake (MCER). The Structural Engineers 
Association of California (SEAOC) and Office of Statewide Health Planning and Development 
(OSHPD) Seismic Design Maps Web Application (SEAOC, 2019) was used to obtain the site 
coefficients and adjusted maximum considered earthquake spectral response acceleration 
parameters. The site soils have been classified as Site Class D (stiff soil profile). 

Design spectral response acceleration parameters are defined as the earthquake ground motions 
that are two-thirds (2/3) of the corresponding MCER ground motions. Design earthquake ground 
motion parameters are provided in Table 2. A Risk Category III was determined using Table 
1604.5 and the Seismic Design Category is D since S1 is less than 0.75. 

The Maximum Considered Earthquake Geometric Mean (MCEa) peak ground acceleration 
(PGAM) value was determined from the "U.S. Seismic Design Maps Web Application" (SEAOC, 
2019) for liquefaction and seismic settlement analysis in accordance with 2016 CBC Section 
1803.5.12 and CGS Note 48 (PGAM = FPGA*PGA). A PGAM value of 0.50g is used for 
liquefaction settlement analysis. 

Landmark Consultants, Inc . Page 2 



EEC ORIGINAL PKG

Geott:cbnical Report Update 
Ormat's Heber 2 Repower Pr ject- Heber CA LCI Reporl No. LE 19075 

Subsurface Soil and Groundwater 

Subsurface soils encountered during Landmark's 2004 and 2007 geotechnical studies consist of 

surficial dry very stiff lean silty clays to a depth of 4 to 5 feet. Stiff clays extend from about 6 feet 

to a depth of 38 to 40 feet. Silty clay to clayey silt was encountered from 40 to 50 feet, the 

maximum depth of exploration. The subsurface logs (Plates B-1 through B-5 in Appendix B) 

depict the stratigraphic relationships of the various soil types. Groundwater was not noted in the 

CPT soundings, but is typically encountered at a depth of about 8 to 10 feet below ground surface 

at the plant site. 

Liquefaction Potential 

Liquefaction potential at the project site was evaluated using the 1997 NCEER Liquefaction 

Workshop methods. The 1997 NCEER methods utilize direct SPT blow counts or CPT cone 

readings from site exploration and earthquake magnitude/PGA estimates from the seismic hazard 

analysis. The resistance to liquefaction is plotted on a chart of cyclic shear stress ratio (CSR) 

versus a corrected blow count N1(60) or Qc1N. A PGAM value of 0.50g was used in the analysis 

with a 15-foot groundwater depth and a threshold factor of safety (FS) of 1.3. 

The computer program CLiq (Version 2.2.0.32, Geologismiki, 2017) was utilized for liquefaction 

assessment at the project site. The estimated settlements have been adjusted for transition zones 

between layers and the post liquefaction volumetric strain has been weighed with depth 

(Robertson, 2014 and Cetin et al., 2009). Computer printouts of the liquefaction analyses are 

provided in Appendix C. 

Liquefaction is not expected occur at the project site due to the cohesive nature of the subsurface 

soils. No mitigation is required for liquefaction induced settlements at this project site. 

Site Preparation 

Structure Subgrade Preparation: The exposed surface soil within foundation areas should be 

removed to 18 inches below the foundation elevation or existing grade (whichever is lower) 

extending five feet beyond all foundation lines. Exposed subgrade should be neat cut (flat blade 

on bucket). 

A minimum of 18 inches of Caltrans Class 2 aggregate base shall be placed and compacted in 6 

inch maximum lifts to 95% of ASTM D1557 maximum dry density below each foundation or mat 

slab. 

Landmark Consultants, Inc. Page 3 
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Imported fill soil (if required) should have a Plasticity Index less than 15 and sulfates (SO4) less 
than 1,000 ppm or non-expansive, granular soil meeting the USCS classifications of SM, SP-SM, 
or SW-SM with a maximum rock size of 3 inches and 5 to 35% passing the No. 200 sieve. The 
geotechnical engineer should approve imported fill soil sources before hauling material to the site. 
Imported granular fill should be placed in lifts no greater than 8 inches in loose thickness and 
compacted to at least 95% of ASTM D1557 maximum dry density at optimum moisture ±2%. 

Trench Backfill : On-site soil free of debris, vegetation, and other deleterious matter may be 
suitable for use as utility trench backfill. Backfill soil within paved areas should be placed in 
layers not more than 6 inches in thickness and mechanically compacted to a minimum of 90% of 
the ASTM D1557 maximum dry density except for the top 12 inches of the trench which shall be 
compacted to at least 95%. Native backfill should only be placed and compacted after 
encapsulating buried pipes with suitable bedding and pipe envelope material. Pipe 
envelope/bedding should either be clean sand (Sand Equivalent SE>30). Precautions should be 
taken in the compaction of the backfill to avoid damage to the pipes and structures. 

Observation and Density Testing: All site preparation and fill placement should be continuously 
observed and tested by a representative of a qualified geotechnical engineering firm. Full-time 
observation services during the excavation and scarification process is necessary to detect 
undesirable materials or conditions and soft areas that may be encountered in the construction area. 
The geotechnical firm that provides observation and testing during construction shall assume the 
responsibility of "geotechnical engineer of record'' and, as such, shal I perform additional tests and 
investigation as necessary to satisfy themselves as to the site conditions and the geotechnical 
parameters for site development. 

Auxiliary Structures Foundation Preparation: Auxiliary structures such as free standing or 
retaining walls should have footings extended to a minimum of 24 inches below grade. The 
existing soil beneath the structure foundation prepared in the manner described for foundations 
except the preparation needed only to extend 12 inches below and beyond the footing. 

Foundations and Settlements 
Shallow spread footings and continuous wall footings are suitable to support the structures 
associated with the plant upgrades. Footings shall be founded on a layer of properly prepared and 
compacted soil as described in Section 4.1. The foundations may be designed using an allowable 
soil bearing pressure of 2,000 psf at 18-inch embedment depth when foundations are supported on 
compacted Caltrans Class 2 aggregate base (extending a minimum of 1.5 feet below footings). 

Landmark Consultants, Inc . Page 4 
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The allowable soil pressure may be increased by 20% for each foot of embedment depth in excess 

of 18 inches and by one-third for short term loads induced by winds or seismic events. The 

maximum allowable soil pressure at increased embedment depths shall not exceed 4,000 psf. 

lat Plate tructural Mats: Structural mats may be designed for a modulus of subgrade reaction 

(Ks) of l 00 pci when placed on compacted clay or a sub grade modulus of 250 pci when placed on 

2.5 feet of granular fill. Mats shall overlay 2 inches of sand and a l 0-mil polyethylene vapor 

retarder. The structure support pad shall be moisture conditioned and recompacted as specified in 

Section 4.1 of this report. 

Resistance to horizontal loads will be developed by passive earth pressure on the sides of footings 

and frictional resistance developed along the bases of footings and concrete slabs. Passive 

resistance to lateral earth pressure may be calculated using an equivalent fluid pressure of 300 pcf 

to resist lateral loadings. The top one foot of embedment should not be considered in computing 

passive resistance unless the adjacent area is confined by a slab or pavement. An allowable friction 

coefficient of 0.35 may also be used at the base of the footings to resist lateral loading. Foundation 

movement under the estimated loadings are estimated to not exceed ½ inch with differential 

movement of about two-thirds of total movement for the loading assumptions stated above when 

the subgrade preparation guidelines given above are followed. 

Note: The entire plant area overlays a geothermal fluids reservoir that geothermal fluids 

extraction and reinjection is causing annual ground surface settlement of 1 to 2 inches per 

year. The settlement is not uniform. 

Drilled Piers: New foundations may be supported on cast-in-place, drilled piers. Design criteria 

are provided below. 

Vertical Capacity: Vertical capacity for 24 and 36-inch diameter shafts are presented in Figure 3. 

Capacities for other shaft sizes can be determined in direct proportion to shaft diameters. Point 

bearing and skin friction parameters have been used to determine the allowable shaft capacity. 

The allowable capacities include a factor of safety of 2.5. The allowable vertical compression 

capacities may be increased by 33 percent to accommodate temporary loads such as from wind or 

seismic forces. The allowable vertical shaft capacities are based on the supporting capacity of the 

soil. 

Lateral Capacity: The allowable lateral capacities for 24 and 36-inch diameter shafts are given in 

the table shown below. The allowable horizontal deflection has been assumed to be one-half inch 

(0.50 inch). 

Landmark Consultants, J nc. Page 5 
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Table 3 - Lateral Capacities 

Shaft Diameter (in.) 24 36 
Head Condition Free (*) Fixed Free (*) Fixed 

Allowable Head Deflection (in.) 0.5 0.5 0.5 0.5 

Minimum Length (ft.) 10 10 10 10 

Lateral Capacity (kips) 15.6 50.8 20.0 65.0 

Maximum Moment (foot-kips) 42.2 -293.3 53.7 -362.4 

@Depth from Pier Head (ft.) 4.2 0 4.2 0 

Minimum Length (ft.) 20 20 20 20 

Lateral Capacity (kips) 32.0 70.5 52.0 124.0 

Maximum Moment (foot-kips) 142.5 -393.3 266.7 -1025.0 

@Depth from Pier Head (ft.) 9.0 0 9.8 0 

Minimum Length (ft.) 30 30 30 30 

Lateral Capacity (kips) 32.5 73.5 65 .8 152.0 

Maximum Moment (foot-kips) 145.0 -407.5 413.3 -1141.7 

@Depth from Pier Head (ft.) 9.0 0 11.6 0 

(*) Fixed head is defined as there is no rotation in the pier head (concrete foundation surrounding 
the pier heads). 

Uplift Capacity: Pier capacity in tension may be assumed to be 50% of the compression capacity. 

Settlement: Total settlements (non-seismic) of less than ¼ inch, and differential movement of 
about two-thirds of total movement for single pier designed according to the preceding 
recommendations. If pier spacing is at least 2.5 pier diameters center-to-center, no reduction in 
axial load capacity is considered necessary for group effect. 

Note: The entire plant area overlays a geothermal fluids reservoir that geothermal fluids extraction 
and reinjection is causing annual ground surface settlement of 1 to 2 inches per year. The 
settlement is not uniform. 

Note: Soil strength parameters obtained from field data and laboratory testing were modified 
based on our engineering judgment and our previous experience in the general site vicinity. 
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Soil Parameters: Interpretive engineering soil parameters of the subsurface soil for use in the 

Allpile Computer Program are presented in the table below. 

Table 4 - Soil Strength Parameters 

Unit Friction Lateral Soil Strength 
Layer Depth Cohesion 

Weight Angle Modulus, k eso or Dr Reduction 
Type (ft) 

(pct) (deg) 
(ksf) 

(pci) Factor 

SM 0 to 5 115 34° 0 80 45.0 1.0 

CL-CH 5 to 12 125 --- 1.25 315 0.85 1.0 

CL-CH 12 to 40 125 --- 1.75 550 0.70 1.0 

ML 40 to 50 120 24° 0.50 225 1.00 1.0 

Installation: The drilled piers shall be placed in conformance to ACI 336 guidelines. Excavation 

for piers should be inspected by the geotechnical consultant. A tremie pipe should be used to pour 

concrete from the bottom up and to ensure less than five feet of free fall. All drilled piers extending 

below groundwater shall be cased to prevent caving or lateral deformation. Groundwater is 

expected to be encountered at approximately 8 feet below ground surface. 

The strnctural steel anci c.oncrete should be placed immediately after drilling. Prior to placing any 

structural steel or concrete, loose soil or slough material should be removed from the bottom of 

the drilled pier excavation. 

Slabs-On-Grade 

Structural Concrete: Structural concrete slabs are those slabs (foundations) that underlie structures 

or covered housekeeping slabs (shades). Concrete slabs and flatwork shaii be a minimum of 6 

inches thick due to equipment loads. Concrete slab and flatwork reinforcement should consist of 

chaired rebar slab reinforcement (minimum of No. 3 bars at 18-inch centers, both horizontal 

directions) placed at slab mid-height to resist drying shrinkage cracking. Slab thickness and steel 

reinforcement are minimums only and should be verified by the structural engineer/designer 

knowing the actual project loadings. 

All steel components of the foundation system should be protected from corrosion by maintaining 

a 3-inch minimum concrete cover of densely consolidated concrete at footings (by use of a 

vibrator). 

Landmark Consultants, Inc . Page 7 
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Control joints should be provided in all concrete slabs-on-grade at a maximum spacing (in feet) of 
2 to 3 times the slab thickness (in inches) as recommended by American Concrete Institute (ACI) 
guidelines. All joints should form approximately square patterns to reduce randomly oriented 
contraction cracks. Contraction joints in the slabs should be tooled at the time of the pour or 
sawcut (¼ of slab depth) within 6 to 8 hours of concrete placement. Construction (cold) joints in 
foundations and area flatwork should either be thickened butt-joints with dowels or a thickened 
keyed-joint designed to resist vertical deflection at the joint. 

All joints in flatwork should be sealed to prevent moisture, vermin, or foreign material intrusion. 

Precautions should be taken to prevent curling of slabs in this arid desert region (refer to ACI 

guidelines). 

Concrete Mixes and Corrosivity 
Selected chemical analyses for corrosivity were conducted on bulk samples of the near surface soil 
from the project site. The native soi Is were found to have S l to S2 ( moderate to severe) levels of 
sulfate ion concentration (I ,052 to 3,006 ppm). Sulfate ions in high concentrations can attack the 
cementitious material in concrete, causing weakening of the cement matrix and eventual 
deterioration by raveling. The following table provides American Concrete Institute (ACI) 
recommended cement types, water-cement ratio and minimum compressive strengths for concrete 
in contact with soils: 

Table 5. Concrete Mix Design Criteria due to Soluble Sulfate Exposure 

Sulfate 
Water-soluble 

Maximum Water-
Minimum 

Exposure Class 
Sulfate (SO4) in Cement Type 

Cement Ratio by weight 
Strength 

soil, ppm f C (psi) 

so 0-1,000 - - -

Sl 1,000-2,000 II 0.50 4,000 

S2 2,000-20,000 V 0.45 4,500 

S3 Over 20,000 V (plus Pozzolon) 0.45 4,500 

Note: From ACI 318-14 Table 19.3.1.1 and Table 19.3.2.1 
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A minimum of 6.0 sacks per cubic yard of concrete (4,500 psi) of Type V Portland Cement with a 

maximum water/cement ratio of 0.45 (by weight) should be used fo r concrete placed in contact 

with native soil on this project (sitework including foundations and housekeeping slabs). 

Admixtures may be required to allow placement of this low water/cement ratio concrete. 

The native soil has moderate to very severe level of chloride ion concentration (210 to 3,040 ppm). 

Chloride ions can cause corrosion of reinforcing steel, anchor bolts and other buried metallic 

conduits. Resistivity detenn inations on the soil indicate very severe potential for metal loss 

because of electrochemical corrosion processes. Mitigation of the corrosion of steel can be 

achieved by using steel pipes coated with epoxy corrosion inhibitors, asphaltic and epoxy coatings, 

cathodic protection or by encapsulating the portion of the pipe ly ing above groundwater with a 

minimum of 3 inches of densely consolidated concrete. No metallic water pipes or conduits 

should be placed below foundations. 

Foundation designs shall provide a minimum concrete cover of three (3) inches around steel 

reinforcing or embedded components (anchor bolts, etc.) exposed to native soil. If the 3-inch 

concrete edge distance cannot be achieved, all embedded steel components (anchor bolts, etc.) 

shall be epoxy coated for corrosion protection (in accordance with ASTM D39631 A934) or a 

corrosion inhibitor and a permanent waterproofing membrane shall be placed along the exterior 

face of the exterior footings . 

Additionally, the concrete should be thoroughly vibrated at footings during placement to decrease 

the permeability of the concrete. 

Excavations 

All site excavations should conform to CalOSHA requirements for Type C soil. The contractor is 

solely responsible for the safety of workers entering trenches. Temporary excavations with depths 

of 4 feet or less may cut nearly vertical for short duration. Sandy soil slopes should be kept moist, 

but not saturated, to reduce the potential of raveling or sloughing. Excavations below 4 feet will 

require shoring or slope inclinations in conformance to CAL/OSHA regulations for Type C soil. 

Surcharge loads of stockpiled soil or construction materials should be set back from the top of the 

slope a minimum distance equal to the height of the slope. All permanent slopes should not be 

steeper than 3:1 to reduce wind and rain erosion. Protected slopes with ground cover may be as 

steep as 2: l . However, maintenance with motorized equipment may not be possible at this 

inclination. 

Landmark Consultants, Tnc. Page 9 
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Geotechnical Report Update 
Ormat's Heber 2 Repower Project - Heber, CA LCI Report No. LE 19075 

Seismic Design 
This site is located in the seismically active southern California area and the site structures are 
subject to strong ground shaking due to potential fault movements along the Imperial and Cerro 
Prieto faults. Engineered design and earthquake-resistant construction are the common solutions 
to increase safety and development of seismic areas. Designs should comply with the latest edition 
of the CBC for Site Class Dusing the seismic coefficients given in Table 2 of this report. 

Closure 
We did not encounter soil conditions that would preclude implementation of the proposed project 
provided the recommendations contained in this report are implemented in the design and 
construction of this project. We appreciate the opportunity to provide our findings and 
professional opinions regarding geotechnical conditions at the site. If you have any questions or 
comments regarding our findings, please call our office at (760) 370-3000. 

Respectfully Submitted, 
Landmark Consultants, l 

Jeffrey 0. Lyon, PE 
President 

Julian R. Avalos, PE 
Senior Engineer 

Landmark Consultants, Inc . 

Steven K. Williams, PG, EG 
Senior Engineering Geologist 
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Heber 2 Repower Project - Heber, CA LCI Project No. LE t 9075 

Table 1 
Summary of Characteristics of Closest Known Active Faults 

Approximate 
Maximum 

Fault Name Distance 
Approximate Moment Fault Length Slip Rate 

(miles) 
Distance (km) Magnitude (km) (mm/yr) 

(Mw) 

Imperial 7.0 11.2 7 62±6 20 ± 5 

Superstition Hills 8.4 13 .5 6.6 23 ± 2 4±2 

Unnamed 2* 8.5 13.6 

Brawley* 8.8 14.1 

Rico* 9.9 15.9 

Unnamed l* 12.0 19.2 

Borrego (Mexico)* 13 .0 20.7 

Yuha* 13.3 21.2 

Superstition Mountain 14.7 23.5 6.6 24±2 5±3 

Laguna Salada 14.8 23.6 7 67 ± 7 3.5 ± 1.5 

Cerro Prieto * 15 .2 24.3 

Pescadores (Mexico)* 17.2 27.5 

Shell Beds 17.3 27.6 

Yuha Well* 17.8 28.5 

Cucapah (Mexico)* 18.4 29.4 

Vista de Anza* 20.4 32.7 

Painted Gorge Wash* 24.0 38.4 

Ocotillo* 25.4 40.6 

Elmore Ranch 28 .3 45.3 6.6 29± 3 1 ± 0.5 

Elsinore - Coyote Mountain 29.l 46.6 6.8 39 ± 4 4±2 

San Jacinto - Borrego 33.6 53.8 6.6 29± 3 4±2 

Algodones * 35.6 57.0 

* Note: Faults not included in CGS database. 
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Heber 2 Repower Project - Heber, CA LCI Project No. LE 19075 

Table 2 
2016 California Building Code (CBC) and ASCE 7-10 Seismic Parameters 

ASCE 7-10 Reference 
Soil Site Class: D Table 20.3-1 

Latitude: 32.7139 N 
Longitude: -115.5375 W 

Risk Category : TIT 
Seismic Design Category : D 

Maximum Considered Earthquake (MCE) Ground Motion 

Mapped MCER Sh011 Period Spectral Response 

Mapped MCER I second Spectral Response 

Short Period (0.2 s) Site Coefficient 

Long Period (1.0 s) Site Coefficient 

MCER Spectral Response Acceleration Parameter (0.2 s) 

MCER Spectral Response Acceleration Parameter (1 .0 s) 

Design Earthquake Ground Motion 

Design Spectral Response Acceleration Parameter (0.2 s) Sos 

Design Spectral Response Acceleration Parameter (1.0 s) S01 

Risk Coefficient at Short Periods (less than 0.2 s) CRs 

Risk Coefficient at Long Periods (greater than 1.0 s) CRl 
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CBC Figure 1613.3.1(1 ) 

CBC Figure 1613.3.1(2) 

CBC Table 1613.3.3(1) 

CBC Table 1613.3.3(2) 
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CBC Equation 16-37 
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ASCE Equation 11.8-1 
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0.50 0.75 
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Allowable Compression Pier Capacity (ton) 

0 10 20 30 40 50 60 70 80 90 100 
0 

5 
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Notes: 
1. Compression load capacity are based on skin friction and end-bearing capacity. 

The structural capacity of the piers should be checked. 

2. The indicated capacities are for sustained (dead plus live) vertical compression 
load, and include a factor of safety of at least 2.5 

3. For temporary wind or seismic load, the above values may be increased by one-third. 

4. Capacities of other pier sizes are in direct proportion to the pile diameter. 

LANDMARK 
Geo-Engineers and Geologists 

-~~ 
Project No.: LE19075 

Drilled Pier Compression Capacity Chart 
Ormat's Heber #2 Plant Expansion 

Heber, California 

Figure 

3 
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Source: California Geological Survey 2010 Fault Activity Map of California 
http://www.quake.ca.gov/gmaps/FAM/faultactivitymap.html# 
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Source: California Geological Survey 2010 Fault Activity Map of Califc rnia 
http://www.quake.ca.gov/gmaps/FAM/faultactivitymap.html# 
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CLIENT: Ormat Nevada Inc 
PROJECT: Heber 2 Repower Projecl - Heber, CA 

CONE PENETROMETER: Middle Earth Geotesting Truck Mounted Electric 

Cone with 23 Ion reaction weight 

LOCATION: See Site and Boring Location Plan DATE: 12/20/2004 

INTERPRETED SOIL PROFILE 
From Robertson and Campanella (19B9 

GRDUNI) ElEVA:rtON t/. 
Clayey SI~ 1o Stlfy Chi)' MUCL 
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Sa,,dy Sill to (.f.11 »".CY Sill 
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stiff 
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very stiff 
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'"" shl'f 
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CONE SOUNDING DATA CPT-1 

Tip Resistance (tsf) Sleeve Friction {tsf) 
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~ 

Friction Ratio 
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Project No. LANDMARK PLATE 
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LANDMARK CONSULTANTS, INC. 
CONE PENETROMETER INTERPRETATION (based on Robertson & Campanella, 1989, refer lo Key lo CPT logs} 

Pro ect: Heber 2 Re r Pro·ect - Heber. CA 
CONE SOUNDING. CPT• I 

Est, GWT(tlt 

Base Bo•e Avg 
Depth Depth Tip 

(ml (rt) Cc:, tsf 

0.15 0,5 
0 30 1,0 
0 45 1,5 
0,60 2,0 

0.75 2,5 
0.93 3,0 

1.0B 3.5 
1 23 4.0 
1.3B 4.5 

1.53 5.0 
1.68 5.5 
1.83 6.0 
1.9B 6.5 
2.13 7.0 
2.2B 7,5 

2 45 B.0 
2 60 B.5 
2 75 9,0 

2.90 9.5 
3.05 10_0 

3.20 10.5 
3.35 11 .0 

3.50 11.5 
3.65 12.0 
3.80 12.5 
3.95 13.0 
4,13 13.5 
4,2B 14.0 

4.43 14.5 
4 58 15 0 

4 73 15 5 

4 BB 16 0 
503 16.5 
518 17.0 
5 33 17.5 
5 48 18. 0 
5.65 18.5 
5 BO 19.0 

5 95 19 5 
6,10 20.0 

6 25 20 5 
6.40 21 0 
6 55 21 5 
6.70 22.0 
6,B5 22 5 

7,00 23 0 

7.1B 235 
7.33 24 0 
7.4B 24,5 
7.63 25,0 

7.7B 25.5 
7.93 26.0 
B.OB 26.5 

B.23 27.0 
8,38 27.5 
8,53 28,0 

8,6B 28,5 
8,85 29.0 

9.00 29.5 
9,15 30.0 
9,30 30 5 

9.45 31 ,0 
9,60 31 ,5 
9,75 32.0 

9.90 32 5 
10 05 33,0 

10 20 33.5 
10.3B 34 0 
10,53 34.5 

10.68 35 0 
10.83 35.5 
10.98 36.0 
11 .13 36. 5 
11 .28 37.0 

11 .43 37.5 
11 .58 38.0 
11 .73 38.5 

47.46 
7119 
76 3B 
88,21 
94, 19 
101 .94 

123.24 
53.93 
16.43 
15.53 
13.99 
10.16 
10.41 
11 .62 
13,29 
14,55 
13.90 
13,23 
13,66 
26.88 
21 .69 
19.84 
21.31 
18.97 
16.82 
18.18 
17.33 
17.04 
21 .21 
19 96 
23 41 
20 50 
21 94 
19.22 
27 57 
23 29 
20 85 
21 .33 
21 97 
21 34 
15 48 
15.87 
26,53 

27.19 
29.12 
24,40 

29,74 
31 ,24 

31.71 
28.38 
25.50 
21.23 
19.41 
21 10 
2013 
1923 
20 08 
20 55 
20.76 
22 BO 
21 60 
1719 
20.05 
19,47 
21 .74 
23.37 
20.39 
15. 97 
16.45 
18,50 
19.11 
20.64 
25.44 
31 .72 
25.49 
17.68 
15.25 

AY!I 
Friction 
Rntio, % 

5 04 
3 50 
3 27 
2 88 
2.53 
2.35 
1.66 
2.99 
4.19 
3.80 
3.48 
2.42 
3.55 
4.38 
4.44 
4 93 
4 96 
4 OB 
4 68 
5 00 
5.01 
4.85 
4.45 
4.00 
3.88 
4.91 
5.43 
5.46 
5.45 
5,21 
4,80 
5.51 
5.88 
5.48 
5.03 
5.22 
6.67 
6.77 
6.29 
7.09 
5 72 
5 20 
5 79 
6 21 
618 
7 41 
7 .65 
7.01 
6 74 
5 36 
5 79 
6. 01 
6.26 
6. 12 
6 30 
5 66 
5 65 
5.67 
7.00 
6.8B 
5 89 
6 36 
5.47 
5 50 
5.63 
5.76 
5 56 
5.12 

4 48 
4 96 
4.05 
5.86 
5.72 
4.84 
3.77 
2.48 
3.47 

Soll 

Classification 

Silly Clay lo Clay 

Sandy Sill to Clayey Sill 

Sandy Sill to Clayey Sill 

Sandy Sill to Clayey Sill 

Silty Sand to Sandy Sill 

Silly Sand to Sandy Silt 

Sand lo Silty Sand 

Sandy Sill to Clayey Sill 

Clay 

Silly Clay lo Clay 

Silly Clay lo Clay 

Clayey Sill lo Silly Clay 

Silly Clay to Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Silly Clay lo Clay 

Silly Clay lo Clay 

Silly Clay to Clay 

Clay 

Clay 
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Clay 
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Clay 
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Clay 

Clay 
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Clay 
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Clay 
Clay 
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Clay 

Clay 

Silly Clay lo Clay 

Clay 

Clay 

Silly Clay lo Clay 

Clayey Sill lo Silly Clay 

Clayey Sill to Silly Clay 

Silly Cloy lo Clay 
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CL 

ML 

ML 

ML 

SM/ML 

SM/ML 

SP/SM 

ML 

CL/CH 

CL 

CL 

ML/CL 

CL 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL 

CL 

CL 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CUCH 

CL 

CL/CH 

CL/CH 

CL 

ML/CL 

ML/CL 

CL 

Pro eel No: LE 19075 

Density or 
CMil!Stl!Jlcy 

hard 

very dense 

very dense 
very dense 

very dense 
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dense 

stiff 

stiff 

stiff 

stiff 

stiff 

stiff 

&tiff 

stiff 

stiff 
stiff 

stiff 

very stiff 

very stiff 

very stiff 

very stiff 

very stiff 

sliff 
very stiff 

stiff 

stiff 

very stiff 

very stiff 
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very stiff 

very stiff 

very stiff 

very stiff 

stiff 

stiff 
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very stiff 
very stiff 

very stiff 

very stiff 
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very stiff 

very stiff 

verv stiff 
very stiff 

very stiff 

very stiff 

very sliff 

very stiff 

very stiff 

very stiff 

very stiff 

very stiff 

very stiff 

stiff 

very stiff 

very stiff 

very stiff 

very stiff 

very stiff 

stiff 

stiff 

very stiff 

very stiff 

very stiff 

very stiff 

very stiff 

very stiff 

stiff 

sU~ 

En 
Density 

(Jld) 

125 
115 
115 
115 
115 
115 
115 

115 
125 
125 
125 
120 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 

125 

125 
125 
125 
125 
125 
125 
125 

125 
125 
125 
125 
125 
125 
125 
125 

125 
125 
125 
125 
125 
125 

125 
125 
125 
125 
125 
125 
125 
125 
125 
125 

125 

125 
125 
125 
125 
125 
120 
120 
125 

flhl Correlatoor,; 

SPT 
N(60) 

27 
20 
22 
25 
21 
23 
22 
15 

13 
9 

B 

4 
6 
9 

11 
12 
11 

11 
11 

22 
17 
16 
12 
11 
10 
15 
14 
14 
17 
16 
19 

16 
18 
15 

22 

19 
17 
17 
18 
17 
12 

13 
21 

22 
23 
20 
24 
25 

25 
23 
20 
17 
16 
17 
16 
15 

16 
16 
17 
18 
17 
14 
16 
16 
17 
19 
16 
13 
13 
15 
11 
17 
20 
1B 
10 
7 
9 

Norm. 
Qc1n 

134.6 
144.4 
166.8 
1780 
192 7 

233.0 

101.9 

0 

Est. 

% 
Fines 

60 
45 
40 
35 
30 
30 
20 
45 
85 
85 
BS 
85 
95 
100 
95 
95 
95 
95 
100 
BO 
BS 
90 
65 
85 
90 
95 
100 
100 
100 
100 
90 

100 
100 
100 
90 

100 
100 
100 
100 
100 
100 
100 
100 
100 

100 
100 
100 
100 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

Date: 12/20/2004 

O•ScllmC78), 1·R&C(83),2·PHT(74) 

Rel 
Dens. 
Ol(¾l 

107 
102 
101 
100 
99 
102 
76 

Nk: 
Phi 

(dl!p.) 

43 
42 
42 
42 
42 
42 
39 

17 

Su 
(Isl) 

2.79 

0.95 
0.90 
0.80 
0.5B 
0.59 
0.66 
0.76 
0.83 
0.79 
0.75 
0.77 
1.55 
1.24 
1.13 
1.22 
1.08 
0.95 
1.03 
0.98 
0.96 
1.21 
1.13 
1.34 
1.16 
1.25 
1.09 
1.58 
1.32 
1.18 
1.21 
1.24 
1.21 
0.86 
0.88 
1.51 
1.55 
1.66 
1.38 
1.69 
1.78 
1.81 
1.61 
1.44 
1.19 
1.08 
1.18 
1.12 
1.07 
1.12 
1.14 
1.15 

1.27 
1.20 
0.94 
1.11 
1.07 
1.21 
1.30 
1.13 
0.86 
0.89 
1.01 
1.05 
1.13 
1.42 

1.79 
1.42 
0.96 
0.81 

OCR 

>10 

>10 
>10 
>10 
>10 
>10 
>10 
>10 
>10 
>10 
>10 
>10 
>10 
>10 
>10 
>10 
>10 
>10 
>10 
>10 
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>10 
>10 
>10 
>10 
>10 
>10 
>10 
>10 
>10 
>10 
>10 
6.21 
6.32 
>10 
>10 
>10 
>10 
>10 
>10 
>10 
>10 
>10 
7.65 
6.54 
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EEC ORIGINAL PKG

LANDMARK CONSULTANTS, INC. 
CONE PENETROMETER INTERPRETATION (based on Robertson & Campanella, 1989, refer to Key to CPT logs) 

Prolect: Heber 2 Rennwer Proiecl - Heber, CA Project No: LE19075 Date: 12/20/2004 
CONE SOUNDING: CPT- 1 

Esl GWT(fll: 8 Phi Co,relatlon. 0 D-Schm(78), 1 ·R&C(83).2·PHT(74) 

Base Base Avg Avg Est. Est Rel. Nk: 17 
Depth Depth Tip Friction Sol l Density or Density SPT Nonn. % Dens. Phi Su 
(m) (fl) Qc, tsf Ratio,% Classification uses Consistency (pcf) N(60) Qc1n Fines Dr(¾) (deg.) (Isl) OCR 

11 .88 39.0 20.64 4.84 Clay CL/CH very stiff 125 17 100 1.13 4.28 
12.05 39.5 15 50 3.51 Silty Clay to Clay CL stiff 125 9 100 0.83 3.50 
12.20 40.0 14.77 2.00 Clayey Silt to Silty Clay ML/CL stiff 120 6 100 0 78 4.1B 
12.35 40.5 13.50 2.07 Clayey Silt lo Silty Clay ML/CL stiff 120 5 100 0.71 3.5B 
12.50 41.0 15.96 3.29 Silty Clay to Clay CL stiff 125 9 100 0.85 3.50 
12.65 41.5 15,32 3,05 Clayey Silt to Silly Clay ML/CL stiff 120 6 100 0.81 4.28 
12.80 42.0 14,74 2.01 Clayey Silt to Silly Clay ML/CL stiff 120 6 100 0.78 3.91 
1295 42.5 17,48 2.54 Clayey Silt to Silty Clay ML/CL stiff 120 7 100 0.94 5.10 
13.10 43.0 22.47 2.80 Clayey Silt lo Silty Clay ML/CL very stiff 120 9 100 1.23 7.70 
13.25 43.5 20.78 2.49 Clayey Silt to Silty Clay ML/CL very stiff 120 8 100 1.13 6,65 
13.40 44.0 21 .29 2.62 Clayey Silt to Silty Clay ML/CL very stiff 120 9 100 1.16 6.76 
13.58 44.5 19.71 2.35 Clayey Silt to Silty Clay ML/CL very stiff 120 8 100 1.07 5.BB 
13.73 45.0 19.60 2.17 Clayey Silt to Silty Clay ML/CL very stiff 120 8 100 1.06 5.76 
13.88 45.5 18.05 1.84 Sandy SIil to Clayey Silt ML very loose 115 5 13.8 100 14 30 
14.03 46.0 17.42 2.29 Clayey Silt to Silty Clay ML/CL stiff 120 7 100 0,93 4.57 
14.18 46.5 19.49 2.03 Sandy Sill to Clayey Silt ML very loose 115 6 14.7 100 16 30 
14.33 47.0 17.99 2.10 Clayey SIil to Silty Clay ML/CL sliff 120 7 100 0.96 4.68 
14.48 47.5 16.62 1.85 Clayey Slit to Silty Clay ML/CL stiff 120 7 100 0.88 4.09 
14.63 48.0 16.66 1.91 Clayey Silt to Silty Clay ML/CL stiff 120 7 100 0.88 4.00 
14.78 48 5 15. 96 1.83 Clayey Silt lo Silty Clay ML/CL stiff 120 6 100 0.84 3.74 
14.93 49 0 15.56 1.78 Clayey Silt lo Silty Clay ML/CL stiff 120 6 100 0.81 3.58 
15.10 49.5 14.89 1.48 Sandy Sill lo Clayey Sill ML very loose 115 4 11 .0 100 7 29 
15.25 50.0 16.44 1.69 Sandy Sill lo Clayey Sill ML very loose 115 5 12,1 100 10 29 
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CLIENT: Ormat Nevada Inc 
PROJECT: Heber 2 Repower Project - Heber, CA 

CONE PENETROMETER: Middle Earth Geotesting Truck Mounted Electric 
Cone wilh 23 lon reaction weight 

LOCATION: See Site and Boring Location Plan DATE: 12/20/2004 

INTERPRETED SOIL PROFILE 
Fram Robertson and Campanella (1989 
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EEC ORIGINAL PKG

LANDMARK CONSULTANTS, INC. 
CONE PENETROMETER INTERPRETATION (based on Robertson & Campanella, 1989, refer to Key to CPT logs) 

Prolect: Heber 2 Reoower Prolect - Heber, CA Prolect No: LE19075 Date: 12/20/2004 
CONE SOUNDING: CPT-2 

Esl, GWT(f\). a Phi Correlation: D 0-Schm(78) , 1·R&C(83),2-PHT(74) 
Base Base Avg Avg Eal Esl Rel, Nk: 17 
Oeplh Depth Tip Friction Soll Density or Density SPT Norm. % Dens, Phi Su 
(ml (fl) Oc, tsf Ratio, % ClasslficaUon uses Conslslam:y (pell N(BQ) Octn Fines Dr('~) (deg,) (ISi) OCR 

0.15 0.5 60.03 169,32 Overconsolidated Soil ?? very dense 120 60 113.5 100 119 45 
0.30 1.0 77.82 5,97 Overconsolidated Soil ?? very dense 120 78 147.1 55 110 43 
0.45 1.5 91.98 5,31 Overconsolidated Soil ?? very dense 120 92 173.9 50 107 43 
0,60 2.0 129.94 3,78 Sandy Sill lo Clayey Sill ML very dense 115 37 245.6 35 113 44 
0.75 2.5 119,62 3.11 Sandy Sill to Clayey Sill ML very dense 115 34 226.1 30 107 43 
0.93 30 137,68 2.51 Silly Sand lo Sandy Sill SM/ML very dense 115 31 260.3 25 108 43 
1.08 3.5 140,87 2. 30 Silly Sand to Sandy Silt SM/ML very dense 115 31 266.3 25 106 43 
1.23 4,0 139,35 2.04 Silty Sand to Sandy Silt SM/ML very dense 115 31 263.4 20 104 43 
1,38 4,5 144,85 2.01 Silly Sand to Sandy Silt SM/ML very dense 115 32 273.8 20 103 42 
1,53 5,0 113.08 2.24 Silly Sand to Sandy Sill SM/ML very dense 115 25 208.9 25 94 41 
1,68 5.5 52.70 3.38 Clayey Sill to Silly Clay MUCL hard 120 21 50 3 OB >10 
1.83 6.0 13.87 4.91 Clay CL/CH stiff 125 11 95 0.80 >10 
1.98 6.5 15.08 5.36 Clay CL/CH stiff 125 12 95 0.87 >10 
2.13 7.0 14.77 4.81 Clay CUCH stiff 125 12 95 0.85 >10 
2.28 7.5 13.38 3,90 Clay CUCH stiff 125 11 90 0.76 >10 
2.45 8.0 12.25 3 27 Silty Clay to Clay CL stiff 125 7 90 0,69 >10 
2.60 8.5 11.34 3.86 Clay CL/CH stiff 125 9 95 0,64 >10 
2.75 9.0 13.62 4.43 Clay CUCH stiff 125 11 95 0.77 >10 
2.90 9.5 14.76 4.97 Clay CUCH stiff 125 12 95 0.84 >10 
3.05 10.0 15.04 5.19 Clay CUCH stiff 125 12 100 0.85 >10 
3.20 10.5 17_24 5.61 Clay CUCH stiff 125 14 100 0.98 >10 
3.35 11 .0 17_82 5.31 Clay CUCH very sliff 125 14 95 1.02 >10 
3.50 11 .5 16.22 4.53 Clay CL/CH stiff 125 13 95 0.92 >10 
3.65 12.0 14.59 4.45 Clay CUCH stiff 125 12 100 0,82 >10 
3.80 12.5 15.95 4.89 Clay CUCH stiff 125 13 100 0 90 >10 
3.95 13.0 16.10 5.07 Clay CUCH stiff 125 13 100 0 91 >10 
4.13 13.5 20.52 5,55 Clay CUCH very stiff 125 16 95 1.17 >10 
4.28 14.0 22.48 5.55 Clay CL/CH very stiff 125 18 95 1.28 >10 
4.43 14.5 20.89 5,42 Clay CL/CH very stiff 125 17 100 1. 19 >10 
4.58 15,0 17,79 5.37 Clay CL/CH very stiff 125 14 100 1.01 >10 
4.73 15,5 19,47 5,86 Clay CUCH very stiff 125 16 100 1.10 >10 
4.88 16.0 19,76 5,77 Clay CL/CH very stiff 125 16 100 1. 12 >10 
5,03 16.5 22.53 5,91 Clay CL/CH very stiff 125 18 100 1 28 >10 
5.18 17.0 21 .67 5,09 Clay CL/CH very stiff 125 17 100 1.23 >10 
5,33 17.5 22.15 5.77 Clay CUCH very stiff 125 18 100 1.26 >10 
5,48 18.0 21 ,43 6 10 Clay CL/CH very stiff 125 17 100 1,21 >10 
5.65 18.5 21 ,56 5.34 Clay CUCH very stiff 125 17 100 1.22 >10 
5.80 19.0 22.73 5 72 Clay CL/CH very stiff 125 18 100 1.29 >10 
5,95 19.5 30.63 5 48 Clay CL/CH very stiff 125 25 90 1.75 >10 
6.10 20,0 17,95 6,14 Clay CL/CH very stiff 125 14 100 1,01 8.41 
6.25 20 5 17,30 5,70 Clay CUCH stiff 125 14 100 0,97 7.56 
6.40 21 0 16,60 6 .99 Clay CUCH stiff 125 13 100 0.93 6.76 
6.55 21 5 26.75 7.44 Clay CUCH very stiff 125 21 100 1.52 >10 
6 70 22 0 28.17 6,81 Clay CUCH very stiff 125 23 100 1.60 >10 
6 85 22.5 20.17 7.24 Clay CUCH very stiff 125 16 100 1.13 a.as 
7.00 23.0 16,15 5.62 Clay CL/CH stiff 125 13 100 0.90 s.aa 
7.18 23.5 21.37 6.84 Clay CL/CH very stiff 125 17 100 1,20 9.19 
7.33 24,0 24.23 5,98 Clay CL/CH very stiff 125 19 100 1,37 >10 
7.48 24.5 27.09 6,88 Clay CL/CH very stiff 125 22 100 1,54 >10 
7,63 25,0 23.97 6.46 Clay CUCH very stiff 125 19 100 1.35 >10 
7,78 25.5 25.90 6.98 Clay CL/CH very sliff 125 21 100 1.46 >10 
7.93 26 0 24.80 6.17 Clay CUCH very stiff 125 20 100 1.40 >10 
8.08 26.5 22.94 5,66 Clay CL/CH very stiff 125 18 100 1.29 8.85 
8.23 27.0 22,28 5,92 Clay CUCH very sliff 125 18 100 1.25 8.14 
B,38 27,5 20.15 6 ,14 Clay CL/CH very sliff 125 16 100 1.12 6,65 
8,53 28.0 24.13 6,05 Clay CUCH very stiff 125 19 100 1.36 9.00 
8,68 28.5 28 28 5 86 Clay CL/CH very stiff 125 23 100 1,60 >10 
8,85 29,0 26.02 5.73 Clay CUCH very stiff 125 21 100 1.46 >10 
9.00 29,5 2806 6.01 Clay CUCH very stiff 125 22 100 1.58 >10 
9.15 30,0 29 72 6,57 Clay CL/CH very stiff 125 24 100 1.68 >10 
9,30 30.5 28. 55 6.41 Clay CUCH very sliff 125 23 100 1.61 >10 
9,45 31 ,0 31. 07 6,84 Clay CUCH very stiff 125 25 100 1.76 >10 
9,60 31 .5 34.71 6.59 Clay CUCH very stiff 125 28 100 1.97 >10 
9,75 32,0 35.27 6,25 Clay CL/CH hard 125 28 100 2.00 >10 
9,90 32,5 37.01 5,65 Clay CL/CH hard 125 30 100 2,10 >10 

10.05 33,0 32.37 5.31 Clay CUCH very sliff 125 26 100 1,83 >10 
10.20 33,5 30.28 5.70 Clay CL/CH very stiff 125 24 100 171 >10 
10,38 34,0 29.97 5.71 Clay CUCH very stiff 125 24 100 1.69 >10 
10,53 34.5 34.16 5.42 Clay CUCH very stiff 125 27 100 1 93 >10 
10,68 35.0 31 .53 5.44 Clay CUCH very stiff 125 25 100 1.78 >10 
10.83 35. 5 31 .1B 4.96 Clay CUCH very stiff 125 25 100 1.76 >10 
10.98 36.0 2B.08 6.21 Clay CL/CH very stiff 125 22 100 1.57 8.14 
11 .13 36.5 28.95 4.94 Clay CL/CH very sliff 125 23 100 1.62 8.41 
11 .28 37.0 23 74 5,43 Clay CL/CH very stiff 125 19 100 1,32 5,88 
11.43 37.5 24.03 5.19 Clay CUCH very stiff 125 19 100 1,33 5,88 
11.58 38.0 2B.73 5.16 Clay CUCH very stiff 125 23 100 1,61 7,70 
11 .73 38.5 29.89 5. 18 Clay CL/CH very sliff 125 24 100 1.68 8.14 



EEC ORIGINAL PKG

LANDMARK CONSULTANTS, INC. 
CONE PENETROMETER INTERPRETATION (based on Robertson & Campanella, 1989, refer to Key to CPT logs) 

Prolect: Heber 2 Re=r Proiect - Heber, CA Prolecl No: LE19075 Date: 12/20/2004 

CONE SOUNDING: CPT-2 

E•LGWT(llJ: 8 Phi Correlation: 0 O-Schm(76), 1·R&C(83l.2•PHT(74) 

Base Base Avg Avg Est. Est. Rel. Nk: 17 

Depth Depth Tip Friction Soil Oensily or Density SPT Norm. % Dens~ Phi Su 

I 
(m) (fl) Qc, lsf Ratio,% Classification uses Consislency (pcf) N(60) Qc1n Fines Dr(%) (deg) (Isl) OCR 

11 .88 39.0 29.55 5 05 Clay CUCH very stiff 125 24 100 1.65 7.85 

12.05 39.5 25.32 4 72 Clay CUCH very sliff 125 20 100 1.40 5.88 

12.20 40.0 22.19 4 46 Clay CL/CH very stiff 125 18 100 1.22 4.68 

12.35 40.5 24.43 4 30 Silly Clay lo Clay CL very stiff 125 14 100 1.35 7.00 

12.50 41 .0 24.85 3.66 Clayey Sill to Silly Clay MUCL very stiff 120 10 100 1 37 >10 

12.65 41 .5 21 .29 3.25 Clayey Sill lo Silly Clay MUCL very stiff 120 9 100 1.16 7.41 

12.80 42.0 19.81 3.04 Clayey Silt to Silty Clay MUCL very stiff 120 8 100 1,08 6.43 

12.95 42.5 18.87 2.79 Clayey Sill to Silly Clay MUCL very stiff 120 B 100 1.02 5.88 

13.10 43.0 19.60 2.48 Clayey Silt to Silty Clay MUCL very stiff 120 B 100 1.06 6.10 

13.25 43.5 21 .70 2.84 Clayey Silt lo Silty Clay ML/CL very stiff 120 9 100 1.18 7.13 

13.40 44 0 22.24 2,62 Clayey Silt lo Silly Clay ML/CL very sliff 120 9 100 1.22 7.27 

13.58 44 5 22.52 2.78 Clayey Sill to Silty Clay MUCL very stiff 120 9 100 1.23 7.41 

13 73 45.0 25 15 3.77 Clayey Silt to Silty Clay ML/CL very stiff 120 10 100 1.38 8.85 

13.88 45 5 26 20 3 BO Clayey Silt lo Silly Clay ML/CL very stiff 120 10 100 1.45 9.59 

14.03 46 0 2444 3 02 Clayey Silt to Silly Clay ML/CL very stiff 120 10 100 1.34 8.14 

1418 46.5 22.65 2.43 Clayey Silt to Silly Clay MUCL very stiff 120 9 100 1 24 7.00 

14 33 47.0 20.81 1 98 Sandy Silt to Clayey Silt ML very loose 115 6 15.7 100 18 30 

14 48 47.5 20.51 2.12 Sandy Sill to Clayey Sill ML very loose 115 6 15.4 100 17 30 

14 63 48.0 22.61 2.50 Clayey Sill lo Silly Clay MUCL very stiff 120 9 100 1 23 6 65 

14 78 48.5 20.83 2.13 Sandy Silt lo Clayey Sill ML very loose 115 6 15.5 100 17 30 

14 93 49.0 20 93 2 27 Clayey Sill lo Silty Clay MUCL very stiff 120 8 100 1.13 5 76 

1510 49.5 20.67 2. 11 Sandy Silt to Clayey Silt ML very loose 115 6 15.3 100 17 30 

1525 50.0 19.06 2.25 Clayey Silt to Silly Clay ML/CL very stiff 120 8 100 1.02 4-78 
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CLIENT: Ormat Nevada Inc 
PROJECT: Heber 2 Repower Project - Heber, CA 

CONE PENETROMETER: Middle Earth Geotesting Truck Mounted Electric 

Cone wilh 23 ton reaction weight 

LOCATION: See Site and Boring Location Plan DATE: 12/20/2004 

INTERPRETED SOIL PROFILE 
From Robertson and Campanella (1989 
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LANDMARK CONSULTANTS, INC. 
CONE PENETROMETER INTERPRETATION (based on Robertson & Campanella, 1989, refer to Key to CPT logs) 

Project: Heber 2 Repower Proiect • Heber, CA Project No: LE19075 Date: 12/20/2004 
CONE SOUNDING: CPT-3 

Est. GWT (fl), B Phi Correlation: 0 O-Schm(78]. l•R&C(83),2·PHTt7~) 

Booe B~•• Ava Ava Est. Eat Rel Nk: 17 

Depth Depth Tip Friction Soil Densily or Density SPT Norm, % Dens Phi Su 

(m) (fl) Qc, tsf Rodo1 % Classification uses Conal&lancy (pd] N[60l Ocln Fines Dr (%} (deg.) (t•fJ OCR 

0.15 0.5 51 .76 3.36 Clayey Sill to Silty Clay ML/CL hard 120 21 50 3 04 >10 

0 30 1.0 46.42 7.56 Clay CL/CH hard 125 37 75 2 73 >10 

0 45 1.5 40.35 6.79 Clay CL/CH hard 125 32 75 2 37 >10 

0.60 2.0 61 .72 4.BO Silly Clay to Clay CL hard 125 35 55 3 62 >10 

0 75 2.5 109.67 3,07 Sandy Silt to Clayey Silt ML very dense 115 31 207.3 35 104 43 

0.93 3.0 118.60 2 64 Silly Sand lo Sandy Silt SM/ML very dense 115 26 224.2 30 103 42 

1 OB 3.5 127 70 2 43 Silty Sand to Sandy Sill SM/ML very dense 115 28 241.4 25 103 42 

1 23 4.0 131 .15 2 02 Silty Sand to Sandy Silt SM/ML very dense 115 29 247.9 25 102 42 

1.38 4_5 147.55 1.96 Silty Sand to Sandy Silt SM/ML very dense 115 33 278.9 20 103 42 

1.53 5.0 14B.38 2.05 Silty Sand to Sandy Silt SM/ML very dense 115 33 271 .7 20 102 42 

1.6B 5_5 111.44 2.28 Silty Sand to Sandy Sill SM/ML very dense 115 25 194.4 25 92 41 
1.B3 6.0 40.17 4.02 Clayey Silt to Silly Clay ML/CL hard 120 16 60 2.34 >10 

1.98 6.5 13.36 5.1B Clay CL/CH stiff 125 11 100 0.76 >10 

2.13 7.0 13.22 5.65 Clay CL/CH stiff 125 11 100 0.75 >10 

2.28 7.5 7,68 4.B5 Clay CL/CH firm 125 6 100 0.43 6.10 

2.45 8.0 11 ,50 4.55 Clay CL/CH stiff 125 9 100 0.65 >10 

2,60 B.5 10,61 3.49 Silty Clay to Clay CL stiff 125 6 95 0.60 >10 

2 75 9.0 9 B1 4.10 Clay CL/CH stiff 125 8 100 0 55 7.27 

2 90 9.5 10.85 5,09 Clay CL/CH stiff 125 9 100 0 61 8.27 

3 05 10.0 14,61 6,36 Clay CL/CH stiff 125 12 100 0 83 >10 

3 20 10.5 14.97 5.91 Clay CL/CH stiff 125 12 100 0_85 >10 

3 35 11.0 14.49 6.53 Clay CL/CH stiff 125 12 100 0.82 >10 

3 50 11.5 15.94 5.42 Clay CL/CH stiff 125 13 100 0.90 >10 

3 65 12.0 14.15 5.01 Clay CL/CH stiff 125 11 100 0.80 >10 

3 BO 12.5 20.31 5.15 Clay CL/CH very stiff 125 16 95 1.16 >10 

3 95 13.0 23.81 5.79 Clay CL/CH very stiff 125 19 95 1.36 >10 

413 13.5 18.35 6.42 Clay CL/CH very stiff 125 15 100 1.04 >10 

4 28 14.0 18.13 6.73 Clay CL/CH very stiff 125 15 100 1.03 >10 

4.43 14.5 19,70 6.56 Clay CL/CH very stiff 125 16 100 1.12 >10 

4 58 15.0 18.07 5 71 Clay CL/CH very stiff 125 14 100 1.02 >10 

4 73 15.5 14.86 5 24 Clay CL/CH stiff 125 12 100 0.83 8.27 

4 B8 16 0 14.60 5 69 Clay CL/CH stiff 125 12 100 0.82 7.70 

5,03 16 5 13 49 6 25 Clay CL/CH sliff 125 11 100 0 75 6.43 

5,18 17 0 13 31 5 44 Clay CL/CH sliff 125 11 100 0,74 6.10 

5,33 17 5 16 20 6 21 Clay CL/CH stiff 125 13 100 0,91 B.27 

5.48 18 0 1916 5,9B Clay CL/CH very stiff 125 15 100 1,0B >10 

5,65 18 5 15 49 6,80 Clay CL/CH stiff 125 12 100 0.86 7.13 

5,BO 19 0 15 81 6,89 Clay CL/CH stiff 125 13 100 0.88 7.13 

5,95 195 16 32 7,00 Clay CL/CH stiff 125 13 100 0.91 7.27 

6,10 20.0 17 26 5.95 Clay CL/CH stiff 125 14 100 0.97 7.85 

6.25 20 5 13 28 5.76 Clay CL/CH stiff 125 11 100 0.73 4.89 

640 21 0 11 .14 6.84 Clay CL/CH stiff 125 9 100 0.60 3.58 

6 55 21 5 12.48 7 40 Clav CL/CH stiff 125 10 100 o 6B 4.18 

6 70 22 0 14.92 7.62 Clay CL/CH stiff 125 12 100 0,82 5.42 

6,BS 22.5 17.77 6.98 Clay CL/CH stiff 125 14 100 0,99 7.00 

7.00 23 0 21.45 7.34 Clay CL/CH very stiff 125 17 100 1 21 9.59 

718 23,5 24.58 7,84 Clay CL/CH very stiff 125 20 100 1 39 >10 

7 33 24 0 51 .65 3,68 Clayey Sill lo Silly Clay ML/CL hard 120 21 70 2 .98 >10 

7.48 24,5 34,37 4.91 Clay CL/CH very stiff 125 27 90 1.96 >10 

7.63 25.0 18,84 5,44 Clay CL/CH very stiff 125 15 100 1 05 6.76 

7 7~ 2s s ?1 OQ R 11 r.lay CL/CH very stiff 125 17 100 1 18 B.00 

7.93 26 0 26,12 5 49 Clay CL/CH very sLiff 125 21 100 1 48 >10 

B.08 26 5 26,28 5 55 Clay CL/CH very sLiff 125 21 100 1 48 >10 

B,23 27,0 21 92 506 Clay CL/CH very stiff 125 18 100 1.23 7.85 

B.38 27.5 23.63 6.15 Clay CL/CH very stiff 125 19 100 1.33 B.BS 

B.53 28 0 2049 6.07 Clay CL/CH very stiff 125 16 100 1.14 6.65 

8.68 28.S 1911 5.87 Clay CL/CH very stiff 125 15 100 1 06 5.BB 

8.BS 29 o 1B 15 5.24 Clay CL/CH very stiff 125 15 100 1 00 5.21 

A 00 ?A~ ?177 618 Clay CL/CH very stiff 125 17 100 1 21 6.BB 

9,15 30,0 20 63 6,55 Clay CL/CH very stiff 125 17 100 115 6.21 

9.30 30,5 22,90 7.51 Clay CL/CH very stiff 125 18 100 1.28 7.13 

9.45 31 .0 20,57 6,23 Clay CL/CH very stiff 125 16 100 1.14 5 8B 

9.60 31 .5 19.55 6,90 Clay CL/CH very stiff 125 16 100 1.0B 5 31 

9.75 32.0 23.76 8,37 Clay CL/CH very stiff 125 19 100 1.33 7.13 

9.90 32.5 24.30 8.05 Clay CL/CH very stiff 125 19 100 1.36 7 27 

10.05 33.0 22.78 6.54 Clay CL/CH very stiff 125 18 100 1.27 6,32 

10.20 33.5 21 .56 5.91 Clay CL/CH very stiff 125 17 100 1.19 5,76 

10.38 34.0 20.82 6.40 Clay CL/CH very stiff 125 17 100 1.15 5 31 

10.53 34.5 21.17 6.04 Clay CL/CH very stiff 125 17 100 1.17 5 31 

10.68 35.0 24.71 6.05 Clay CL/CH very stiff 125 20 100 1.38 665 

10.83 35.5 2314 5 91 Clay CL/CH very stiff 125 19 100 1.28 5 BB 

10.98 36.0 19 96 5 21 Clay CL/CH very stiff 125 16 100 1.10 4 57 

11.13 36.5 19 03 4.BB Clay CL/CH very stiff 125 15 100 1.04 418 

11.28 37.0 16.19 4_33 Clay CL/CH stiff 125 13 100 0.87 3 28 

11.43 37_5 16.02 5.36 Clay CL/CH stiff 125 13 100 0.86 314 

11.SB 38.0 16.15 5.06 Clay CL/CH stiff 125 13 100 0.87 314 

11.73 38.5 17.81 4 75 Clay CL/CH stiff 125 14 100 0.96 3 so 



EEC ORIGINAL PKG

LANDMARK CONSULTANTS, INC. 
CONE PENETROMETER INTERPRETATION (based on Robertson & Campanella, 1989, refer to Key to CPT logs) 

Proleot: Heber 2 Rennw,,r Proiect - Heber CA Project No: LE19075 Date: 12/20/2004 
CONE SOUNDING: CPT-3 

Eot.GWT(fl~ 8 Phi Carrelallan: 0 O-Sc:11m(78).1-R&C(83l.2..PHT[74I 

Base Base Avg Avg Est Est. Rel. Nk: 17 
Depth Depth Tip Friction Soll Density or Density SPT Norm. % Dens, Phi Su 

(m) (ft) Qc, Isl Ratio,% Classification uses Consistency (pcf) N(60) Qc1n Fines Dr(%) (deg.) (tsf) nr.R 

11 ,88 39.0 21.66 4.41 Silty Clay to Clay CL very stiff 125 12 100 1.19 6.00 
12,05 39.5 20.18 3.42 Clayey Silt to Silty Clay MUCL very stiff 120 8 100 1.10 7.13 
12,20 40.0 17.00 2.62 Clayey Sill lo Silty Clay ML/CL stiff 120 7 100 0.91 5.31 
12,35 40.5 20.64 4.32 Silty Clay lo Clay CL very stiff 125 12 100 1.13 5.31 
12.50 41.0 33.91 4.01 Clayey Sill to Silly Clay MUCL very stiff 120 14 100 1.91 >10 
12.65 41 .5 31 .64 4,64 Silly Clay to Clay CL very stiff 125 18 100 1.77 >10 
12.80 42.0 23.58 3.56 Clayey Silt to Silty Clay MUCL very stiff 120 9 100 1.30 8.70 
12.95 42.5 24,97 3.28 Clayey Silt to Silty Clay MUCL very stiff 120 10 100 1.38 9.79 
13.10 43.0 19,07 2.71 Clayey Sill to Silly Clay MUCL very stiff 120 8 100 1.03 5.88 
13.25 43.5 18,86 2.98 Clayey Silt to Silty Clay MUCL very stiff 120 8 100 1.02 5.65 
13 40 44,0 19.54 3.20 Clayey Sill to Silty Clay MUCL very stiff 120 8 100 1.06 5.88 
13,58 44.5 19.29 3.97 Silty Clay lo Clay CL very stiff 125 11 100 1.04 4.18 
13.73 45.0 19.79 3.86 Silty Clay lo Clay CL very stiff 125 11 100 1.07 4.28 
13.88 45.5 17.66 3.31 Clayey Sill to Silty Clay MUCL stiff 120 7 100 0.94 4 78 
14.03 46.0 16.42 2.18 Clayey Sill lo Silty Clay MUCL sliff 120 7 100 0.87 418 
14.18 46.5 15.61 2.35 Clayey Silt to SIity Clay MUCL stiff 120 6 100 0.82 3 74 
14.33 47.0 16.68 1.80 Sandy Silt lo Clayey Silt ML very loose 115 5 12,5 100 11 30 
14.48 47.5 18.25 1.80 Sandy Silt lo Clayey Sill ML very loose 115 5 13.7 100 14 30 
14.63 48.0 19.39 2.43 Clayey Sill to Silty Clay ML/CL very stiff 120 8 100 1.04 5.21 
14.78 48.5 19.39 3.87 Silty Clay to Clay CL very stiff 125 11 100 1.04 3.83 
14.93 49.0 19.13 2.69 Clayey Silt to Silty Clay MUCL very stiff 120 8 100 1.02 4.89 
15.10 49.5 16.46 1.59 Sandy Silt to Clayey Silt ML very loose 115 5 12.1 100 10 29 
15.25 50.0 16.91 2.83 Clayey Silt to Silty aay MUCL stiff 120 7 100 0.89 3.91 
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CLIENT: Ormat Nevada Inc 
PROJECT: Heber 2 Repower Project - Heber, CA 

CONE PENETROMETER: Middle Earth Geotesting Truck Mounted Electric 

Cone with 23 ton reaclion weight 

LOCA TlON: See Site and Borlng Location Plan DA TE: 5/2/2007 

CONE SOUNDING DATA CPT-4 

INTERPRETED SOIL PROFILE Tip Resistance (lsf) Sleeve Friction (tsf) Friction Ratio 
From Robertson and Campanella (1989 

MOUND ELEVATION +I- 100 200 ..., ,oo 0 10 O 

SM/ML very dense 

11ery dense ~ 
Vct: t )' dense 

ML dense ~ 
CUCH stitf 

stiff I 
Stiff 

st1tf 
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vc,y stiff 

CL stiff 

CUCH stiff I 
very stiff 

Slllf 

slilf 

very st11f - -
very stirr 

verys1irr 

CL veryslirr 

CUCH \/ery slirt' 

very sliff 

very s11ff ◄ 
very shtf 

very st•lf 

very sl1tf 

stiff J 
stilt 

stiff \ 
stitf 

very stiff 

very stiff 

very st,tt 

verysl1ff 

6hrf 

stlN ~ 
Cl very sllff I 
CUCH very stiff 

Cl 1t,;ty st1ff 

MUCL verystirf 
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LANDMARK CONSULTANTS, INC. 
CONE PENETROMETER INTERPRETATION (based on Robertson & Campanella, 1989, refer to Key to CPT logs) 

Pro ect; Heber 2 Re wer Pro·ect - Heber, CA 

0.15 0.5 66,25 
0.30 1,0 88.18 
0.45 1,5 77,73 
0,60 2.0 92.53 
0.75 2.5 93.95 
0.93 3.0 77.68 
1,08 3.5 74.47 
1.23 4.0 52. 73 
1 38 4.5 18.49 
1.53 5.0 13.75 
1.68 5.5 12.39 
1.83 6.0 10,98 
1.98 6.5 13 51 
2.13 7.0 14 72 
2,28 7.5 16.58 
2 45 8.0 17.99 
2 60 8.5 18.67 
2. 75 9.0 19.02 
2 90 9,5 20,58 
3 05 10.0 17,46 
3 20 10 5 15,45 
3.35 11 0 13.93 
3.50 11 .5 13.83 
3.65 12.0 18 01 
3,80 12.5 1870 
3.95 13.0 18.01 
4.13 13.5 17.39 
4.28 14.0 14,93 
4.43 14.5 15,49 
4,58 15.0 18.22 
4 73 15.5 22.11 
488 16,0 19.85 
5.03 16.5 19,77 
5.18 17.0 18,38 
5,33 17 5 17.64 
5.48 180 2550 
5.65 18 5 32.47 
5.80 190 13.48 
5.95 19 5 18,41 
6, 10 20.0 22.07 
6,25 20 5 24.57 
6,40 21 .0 26.18 
6 55 21 .5 23.24 
6.70 22 0 22.66 
6.85 22 5 26,25 
7,00 23.0 25.11 
7,18 23,5 22. 18 
7.33 24,0 21.09 
7 .48 24.5 23.54 
7.63 25.0 21 .31 
7.78 25.5 18.21 
7 .93 26.0 15.91 
8.08 26.5 13.54 
8.23 27.0 11 .78 
8 38 27.5 14.49 
8.53 28.0 16.02 
8,68 28.5 15.04 
8.85 29,0 20.59 
9,00 29.5 16.05 
9.15 30.0 44.48 
9.30 30,5 27.03 
9.45 31.0 24.88 
9.60 31 ,5 17.85 
9.75 32,0 21 ,43 
9.90 32,5 19.94 
10.05 33,0 21.67 
10.20 33,5 17.09 
10.38 34.0 13.75 
10.53 34.5 14.75 
10.68 35.0 17.80 
10.83 35.5 19,50 
10.9B 36.0 20.06 
11.13 36.5 23.73 
11.28 37.0 26.37 
11.43 37.5 29.22 
11.58 38 0 28.26 
11 .73 38.5 26.29 

Soi l 
Classification 

2,04 Silly Sand to Sandy Sill 
2.75 Sandy Silt to Clayey Sill 
1.95 Silty Sand lo Sandy Sill 
1 60 Silty Sand lo Sandy Sill 
2 02 Silty Sand to Sandy Sill 
2,40 Silly Sand to Sandy Silt 
2.39 Sandy Silt to Clayey Sill 
2.83 Sandy Sill lo Clayey Silt 
5 55 Clay 
5,02 Clay 
5,11 Clay 

5.45 Clay 
4.77 Clay 
5 56 Clay 
5.71 Clay 

5.72 Clay 
5 21 Clay 
5 07 Clay 

4.59 Clay 
4.91 Clay 
4. 14 Clay 
3.83 Silly qay to Clay 
4.23 Clay 
4.65 Clay 
5.93 Clay 

5.35 Clay 
5,15 Clay 
5,20 Clay 

4.86 Clay 
4 .65 Clay 
4.64 Clay 
4 92 Clay 
4,96 Clay 
5,96 Clay 
5,69 Clay 

4 80 Clay 
3.36 Clayey Silt to Silly Clay 
4.36 Clay 
4.55 Clay 
5.36 Clay 
5,40 Clay 

6.13 Clay 
6, 19 Clay 
5,55 Clay 
6,97 Clay 

6.17 Clay 
6.48 Clay 
6.24 Clay 
7.51 Clay 

6.90 Clay 
6.87 Clay 

6.78 Clay 
5.59 Clay 
5.53 Clay 

5.56 Clay 
5.84 Clay 
5.37 Clay 

6.98 Clay 
6.66 Clay 
3.37 Clayey Silt to Silly Clay 
5,86 Clay 

4,56 Clay 
4,68 Clay 
4,98 Clay 

5.01 Clay 
6.03 Clay 

5.96 Clay 
5,92 Clay 

5,27 Clay 
4,91 Clay 

4.45 Clay 
4.23 Silly Clay lo Clay 
5.01 Clay 
5.33 Clay 
5,23 Clay 
4.00 Silly Clay lo Clay 
3.66 Cla Soll to SIiiy Clay 

uses 

SM/ML 
ML 

SM/ML 
SM/ML 
SM/ML 
SM/ML 

ML 

ML 
CL/CH 
CUCH 
CUCH 
CL/CH 
CL/CH 
CL/CH 
CL/CH 
CL/CH 
CL/CH 
CL/CH 
CL/CH 
CUCH 
CUCH 

CL 
CL/CH 
CL/CH 
CL/CH 
CUCH 
CUCH 
CUCH 
CL/CH 
CL/CH 
CL/CH 
CUCH 
CUCH 
CL/CH 
CL/CH 
CL/CH 
ML/CL 
CUCH 
CUCH 
CUCH 
CUCH 
CUCH 
CUCH 
CUCH 
CUCH 
CUCH 
CL/CH 
CL/CH 
CUCH 
CL/CH 
CUCH 
CUCH 
CUCH 
CUCH 
CUCH 
CUCH 
CUCH 
CL/CH 
CL/CH 
ML/CL 
CUCH 
CL/CH 
CUCH 
CUCH 
CL/CH 
CL/CH 
CL/CH 
CL/CH 
CL/CH 
CL/CH 
CUCH 

CL 
CUCH 
CL/CH 
CUCH 

CL 
ML/CL 

Pro ect No: LE19075 

Density or 
Cons111enty 

very dense 
very dense 
very dense 
very dense 
very dense 
very dense 

dense 

dense 
very stiff 

stiff 

stiff 
stiff 

stiff 
stiff 
stiff 

very stiff 
very stiff 
very stiff 

very stiff 
stiff 
stiff 
stiff 

stiff 
very stiff 
very stiff 
very stiff 

stiff 

sliff 

stiff 
very stiff 
very stiff 

very stiff 
very stiff 
very stiff 

sliff 
very stiff 
very stiff 

stiff 
very stiff 

very stiff 
very stiff 
very stiff 
very stiff 

very stiff 
very stiff 
very stiff 

very stiff 
very stiff 
very stiff 
very stiff 

very stiff 

stiff 
stiff 
stiff 

stiff 
stiff 

stiff 
very stiff 

stiff 
hard 

very stiff 
very stiff 

stiff 
very stiff 
very stiff 

very stiff 

stiff 
stiff 

stiff 
stiff 

very stiff 

very stiff 
very stiff 
very stiff 
very stiff 
very stiff 
vc stiff 

Est 
Density 

(pct) 

115 
115 
115 
115 
115 
115 
115 
115 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
120 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
120 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
120 

Phi CorrelaiJon· 

SPT 
N(60) 

15 
25 
17 
21 
21 
17 
21 
15 
15 
11 

10 
9 

11 
12 
13 
14 
15 
15 
16 
14 
12 
B 

11 
14 
15 
14 
14 
12 
12 
15 
18 
16 
16 
15 
14 
20 
13 
11 

15 
18 
20 
21 
19 
18 
21 
20 
18 
17 
19 
17 
15 
13 
11 
9 

12 
13 
12 
16 
13 
18 
22 
20 
14 
17 
16 
17 
14 
11 
12 
14 
16 
11 
19 
21 
23 
16 
11 

Norm, 
Qc1n 

125.2 
166.7 
146.9 
174,9 
177,6 
146.8 
140.8 
99.7 

0 

Est. 
% 

Fines 

35 
35 
30 
25 
25 
35 
35 
45 
90 
100 
100 
100 
95 

100 
95 
95 
90 
90 
85 
90 
90 
95 
100 
95 

100 
100 
100 
100 
100 
100 
90 

100 
100 
100 
100 
90 
75 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
75 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

Date: 5/2/2007 

O-Sc:hm(78), 1-R&O 83),2-PHT 74) 

Roi. 
Dens. 
Dr{%) 

122 
114 
103 
103 
100 
91 
88 
75 

Nk: 
Phi 

(deg.) 

45 
44 
42 
42 
42 
41 
40 
39 

17 
Su 

Uil) 

1,07 

0 79 
0 71 
0.63 
0.77 
0,84 
0,95 
1,03 
1,07 
1.09 
1.18 
1.00 
0.88 
0.79 
0.78 
1.02 
1.06 
1.02 
0,99 
0.84 
0,87 
1.03 
1.26 
1.13 
1.12 
1.04 
0,99 
1.45 
1.86 
0.75 
1,03 
1.25 
1.40 
1.49 
1.31 
1.28 
1.49 
1.42 
1.25 
1.18 
1,33 
119 
1 01 
0 88 
0 74 
063 
0.79 
0.88 
0.82 
1.15 
0.88 
2.55 
1.52 
1,39 
0,98 
1.19 
1.10 
1.20 
0.93 
0.73 
0,79 
0,97 
1.07 
1.10 
1.32 
1.47 
1,64 
1,58 
1.46 

OCR 

>10 
>10 
>10 
>10 
>10 
>10 
>10 
>10 
>10 
>10 
>10 
>10 
>10 
>10 
>10 
>10 
>10 
>10 
>10 
9,59 
>10 
>10 
>10 
>10 
>10 
>10 

9.79 
>10 
>10 
5,53 
9.00 
>10 
>10 
>10 
>10 
>10 
>10 
>10 
>10 
8.70 
>10 
B.41 
6.21 
4 89 
3 66 

3 00 
3.91 
4.47 
3,91 
6.43 
4.18 
>10 
9.79 
8.14 
4.57 
6.00 
5.21 
5.88 
3.91 
2,91 

3.14 
3.91 
4.47 
6,00 
6,00 
6,88 
8,14 
>10 
>10 
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LANDMARK CONSULTANTS, INC. 
CONE PENETROMETER INTERPRETATION (based on Robertson & Campanella, 1989, refer to Key to CPT logs) 

Prolect: Heber 2 Reoower Proiect • Heber, CA Proiect No: LE19075 Date: 5/2/2007 
CONE SOUNDING. CPT-4 

EsL GWT (It)' B Phi Correlalion: 0 0-Schm(78), l•R&C(83),2·PHT{74) 

Base Base Avg Avg Est Est Rel , Nk: 17 
Depth Depth Tip Friction Soll Density or Density SPT Norm . % Dens Phi Su 

(ml (ft) Qc, tsf Ratio, % Classification uses Consistency (pcf) N(60) Qc1n Fines Dr(%) (deg.) (tsf) OCR 

11 BB 39.0 24 9B 3.19 Clayey Silt to Silty Clay MUCL very stiff 120 10 100 1 39 >10 

12 05 39.5 23.62 3.00 Clayey Silt to Silty Clay ML/CL very stiff 120 9 100 1 30 >10 

12 20 40.0 21 7B 2.B0 Clayey Silt to Silty Clay MUCL very stiff 120 9 10D 1 20 B.27 

12 35 4D.5 17 57 2.75 Clayey Silt to Silty Clay ML/CL stiff 120 7 10D D 95 5,53 

12 5D 41 .0 1910 2.36 Clayey Silt to Silty Clay MUCL very stiff 12D 8 10D 1 04 6.32 

12 65 41.5 22.54 2.42 Clayey Silt to Silty Clay MUCL very stiff 120 9 10D 124 B.27 

12 BO 42.0 23.41 3.23 Clayey Sill to Silty Clay MUCL very stiff 120 9 100 1.29 B.70 

12.95 42.5 22.05 3.DB Clayey Silt to Silty Clay ML/CL very stiff 120 9 100 1,21 7.70 

1310 43 0 21.46 2.78 Clayey Silt to Silty Clay MUCL very stiff 12D 9 100 1,17 7.13 

13 25 43,5 22 21 3,76 Silty Clay to Clay CL very stiff 125 13 100 1,21 5.42 

13 40 44 D 22.69 3,76 Silty Clay to Clay CL very stiff 125 13 100 1.24 5,53 

13 58 44 5 2569 2,B1 Clayey Silt to Silty Clay MUCL very stiff 12D ,o 10D 1.42 9.59 

13 73 45 D 26 50 2,66 Clayey Silt to Silty Clay MUCL very stiff 120 11 10D 1.46 >10 

13 BB 45 5 2522 2.66 Clayey Silt to Silty Clay MUCL very stiff 120 10 10D 1.39 B.B5 

14 03 46 D 24 83 310 Clayey Silt to Silty Clay ML/CL very stiff 120 10 10D 1.36 B.41 

141B 46 5 1B BB 2 93 Clayey Silt to Silty Clay MUCL very stiff 12D 8 10D 1.01 5.21 

14 33 47.D 19 43 2.64 Clayey Silt to Silty Clay MUCL very stiff 120 8 10D 1.05 5.31 

14 4B 47 5 22 40 3,D3 Clayey Silt to Silty Clay MUCL very stiff 120 9 10D 1.22 6.65 

14 63 48.0 23.12 2.75 Clayey Silt to Silty Clay MUCL very Sliff 120 9 100 1.26 7.00 

14.78 48 5 18.94 1 3B Sandy Silt to Clayey Silt ML very loose 115 s 14.1 100 15 30 

14.93 49 0 1B.77 1 78 Sandy Silt to Clayey Silt ML very loose 115 s 13 9 1D0 14 30 

15.10 495 21.59 2.73 Clayey Silt to Silty Clay MUCL very stiff 120 9 100 117 6,00 

15.2-5 50.0 23 82 312 Clayey Silt lo Silty Clay MUCL very stiff 120 10 100 130 6 BB 
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CLIENT: Ormat Nevada Inc 
PROJECT: Heber 2 Repower Project - Heber, CA 

LOCATION: See Site and Boring Location Plan 

CONE PENETROMETER: Middle Earth Geolesling Truck Mounled Eleclric 

Cane wilh 23 ton reaction weight 

DA TE: 5/2/2007 

CONE SOUNDING DATA CPT-5 

INTERPRETED SOIL PROFILE 
From Robertson and Campanella (1989 

Tip Resistance (tsf) 

100 2'GO JOO 

Sleeve Friction (tsf) Friction Ra.tlo 

400 0 10 0 IO GROUNO EU!VATION +/-

Sllty Sand to Sandy Sill SM/ML 
-------;= =r----,--------- --..::----,--r- .-.:-- -r------, very dense 

S'lly Sand lo 51ffldi'f S~ 

Sand lo Si?ty Sand SP/SM 

Slny Sand lo S1ndy 5lfl SM/ML 

Clla:, CUCH 

Cl 

CUCH 

Cl. 

CUCH 

CL 

MLJCL 

ML 

very dense 

very dense 

den&e 

veryr.tiff 

fi,m 

stiff 

slitf 

stiff 

very stiff 

slilf 

stiff 

VC,Y6llff 

very stiff 

verysliff 

very stiff 

very stiff 

verysliff 

veryst1ff 

very stiff 

very stiff 

verysliff 

stiff 

hard 

verysl1ff 

very stiff 

very stiff 

very&liff 

verysliff 

very stiff 

verysl1ff 

very stiff 

very stiff 

very stiff 

very stiff 

veryst1ff 

veryst1rr --L 
vr,y sliff 

veryslilf 

very stiff 

hard 

very stiff 

very&tiff 

very stiff 

very stiff 

very stiff 

veryst1ff 

sliff 

\/c,yloose 

stiff 
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Project No. LANDMARK PLATE 

B-5 LE19075 Geo-Engineers and Geologists 
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LANDMARK CONSULTANTS, INC. 

CONE PENETROMETER INTERPRETATION (based on Robertson & Campanella, 1989, refer to Key to CPT logs) 

Prolect: Heber 2 Reoower f'rolect - Heber, CA Prolect No: LE19075 Dale: 5/2/2007 

CONE SOUNDING. Cl'T-5 
Esl.GWT (fl); 8 Phi Correlation: 0 D•Schm(78), 1·R&C(83),2-P!1T(74) 

Base Base All!I Avg Est, Est RQI. Nk: 17 

Depth Depth Tip Friclion Salt Densily or Density SPT Norm~ % Dens. Phi Su 

(ml (II) Qc, Isl Rm10, % Clas!lficatlon uses ConsJ,iency (pd) N(SO) Qcl n Fines Dr (%) (deg,) (Isl) OCR 

0.15 0.5 85.14 1.61 Silty Sand la Sandy Silt SM/ML very dense 115 19 161 a 25 130 46 

a 3□ ,.o 120.36 2 66 Silty Sand ta Sandy Silt SM/ML very dense 115 27 227.5 30 124 45 

045 1.5 72.28 2.13 Silly Sand lo Sandy Sill SM/ML very dense 115 16 136.6 30 101 42 

060 2.0 116.67 1.12 Sand ta Silty Sand SP/SM very dense 115 21 220.6 15 110 43 

0.75 2.5 13B,05 1 48 Sand ta Silty Sand SP/SM very dense 115 25 261. 0 15 111 44 

0.93 3.0 117.13 1 76 Silty Sand ta Sandy Silt SM/ML very dense 115 26 221.4 20 104 42 

1.08 3.5 81,23 2.12 Silty Sand ta Sandy Silt SM/ML very dense 115 1B 153.5 30 90 41 

1.23 4.0 74,63 2 12 Silty Sand ta Sandy Silt SM/ML dense 115 17 141. 1 30 B6 40 

1.38 4.5 34.90 3.90 Clayey Sill la Silty Clay MUCL hard 120 14 60 2,04 >10 

1.53 5.0 13.76 5.~5 Clay CUCH stiff 125 11 100 0.79 >10 

1.68 5.5 7.57 7.44 Clay CL/CH firm 125 6 100 0.43 >10 

1.83 6,0 5.99 6.B8 Clay CL/CH firm 125 5 100 0.33 6.10 

1.9B 6,5 9.47 4.51 Clay CL/CH stiff 125 B 100 0.54 >10 

2.13 7,0 11 .69 4.84 Clay CUCH stiff 125 9 100 0.66 >10 

2,28 7,5 14,81 5.37 Clay CL/CH stiff 125 12 95 0.85 >10 

2,45 8,0 13,05 5.28 Clay CUCH stiff 125 10 100 a 74 >10 

2,60 8.5 13.41 5.40 Clay CUCH stiff 125 11 100 a 76 >10 

2.75 90 15,40 5.21 Clay CUCH stiff 125 12 95 a.ea >10 

2,90 9,5 18,24 4.66 Clay CL/CH very sliff 125 15 85 1.04 >10 

3.05 10.0 17.49 4.50 Clay CUCH stiff 125 14 90 1.00 >10 

3.20 10.5 16.07 4 15 Clay CL/CH stiff 125 13 90 0.91 >10 

3.35 11 .0 13.34 3 48 Silty Clay la Clay CL stiff 125 8 95 0.75 >10 

3 so 11 .5 12.52 3.24 Silty Clay ta Clay CL stiff 125 7 95 0.70 >10 

3 65 12.0 1B.93 3.91 Silty Clay ta Clay CL very stiff 125 11 BS 1.0B >10 

3 80 12.5 31 .15 4.38 Silty Clay ta Clay CL very stiff 125 18 75 1.80 >10 

3 95 13.0 19.46 4.78 Clay CUCH very stiff 125 16 95 1.11 >10 

4 13 13.5 17,74 4.74 Clay CUCH very stiff 125 14 100 1.01 >10 

4 2B 14.0 17,SB 4.34 Clay CL/CH stiff 125 14 95 1.00 >10 

4 43 14.5 21 .21 5.18 Clay CL/CH very stiff 125 17 95 1.21 >10 

4 SB 1s a 20.43 4 83 Clay CL/CH very stiff 125 16 95 1.16 >10 

4 73 15 5 20.79 4 75 Clay CL/CH very stiff 125 17 95 1.1B >10 

4 BB 16,0 1B.89 5.75 Clay CUCH very stiff 125 15 100 1.07 >10 

5 03 16,5 23.41 4 99 Clay CUCH very stiff 125 19 95 1.33 >10 

5.18 17.0 23.59 5.34 Clay CUCH very stiff 125 19 95 1.34 >10 

5,33 17.5 23 27 4 98 Clay CUCH very stiff 125 19 95 1.32 >10 

5,48 1B 0 22.19 5.13 Clay CL/CH very slitf 125 1B 100 1.26 >10 

5,65 1B,5 20.B1 5,10 Clay CL/CH very sliff 125 17 100 1.18 >10 

5.80 19.0 15.7B 4,92 Clay CL/CH stiff 125 13 100 0.8B 7.13 

5,95 19.5 16.06 5,23 Clay CL/CH stiff 125 13 100 0.90 7.00 

6,10 20.0 22.B1 6.SB Clay CL/CH very stiff 125 1B 100 1.29 >10 

6.25 20.5 2B.53 6.30 Clay CL/CH very stiff 125 23 100 1.63 >10 

6.40 21.0 28.99 6.06 Clay CUCH very stiff 125 23 100 1.65 >10 

6.55 21 5 24.82 6 26 Clay CUCH very stiff 125 20 100 1.41 >10 

6.70 22.0 1B.4B 5,79 Clay CL/CH very sliff 125 15 100 1.03 7.70 

6.85 22 5 18.41 5.B9 Clay CL/CH very slitt 125 15 100 1.03 7.41 

7 00 23 a 15,96 6.46 Clay CL/CH stiff 125 13 100 0.8B 5,76 

71B 23 5 46,63 4.62 Silly Clay ta Clay CL hard 125 27 75 2 69 >10 

7 33 24.0 47,09 4 4B Silly Clay ta Clay CL hard 125 27 75 2.71 >10 

7.4B 24 5 23.27 4 67 Clay CL/CH very stiff 125 19 100 1.31 >10 

7.63 2s a 21 09 5 34 Clay CUCH very suff 125 17 100 1,18 B,27 

7 7R ?~ ~ ?1 71 SR~ C.lay CUCH very stiff 125 17 100 1.22 8.41 

7,93 26 a 19,90 5 47 Clay CUCH very stiff 125 16 100 1.11 7.00 

B.08 26.5 20 7B 5 59 Clay CL/CH very sliff 125 17 100 1.16 7.41 

B.23 27,0 21 .9B 5 44 Clay CL/CH very stiff 125 1B 100 1 23 8 oo 

B.38 27.5 20.73 5 53 Clay CUCH very stiff 125 17 100 1.16 6 88 

B.53 2B 0 20 36 5,62 Clay CUCH very stiff 125 16 100 113 6 54 

B.68 2B 5 19.99 6.11 Clay CL/CH very stiff 125 16 100 1.11 6 21 

B,85 29 a 1B 33 5.49 Clay CUCH very stiff 125 15 100 1 01 5 31 

9,00 29 5 17 78 6 27 Clay CL/CH stiff 125 14 100 0.9B 4.89 

9.15 30,0 29.76 5 16 Clay CL/CH very stiff 125 24 100 1.6B >10 

9.30 30.5 25,36 6 14 Clay CUCH very stiff 125 20 100 1.42 B 56 

9.45 31 .0 25,65 6,08 Clay CL/CH very stiff 125 21 100 1.44 8.56 

9.60 31 .5 24.99 6.11 Clay CL/CH very stiff 125 20 100 1.40 B,00 

9.75 32.0 24.42 5.93 Clay CUCH very stiff 125 20 100 1.37 7.41 

9.90 32.5 25.69 5.42 Clay CUCH very stiff 125 21 100 1 44 8.□o 

10.05 33.0 26.43 5.06 Clay CL/CH very suff 125 21 100 1.48 8.27 

10.20 33.5 24.95 5.31 Clay CUCH very stiff 125 20 100 1 39 7.27 

10.38 34.0 22.88 5.62 Clay CUCH very stiff 125 1B 100 1.27 6,21 

10 53 34.5 25.51 5.40 Clay CL/CH very stiff 125 20 100 1.42 7.27 

10.68 35.0 27.31 4.56 Silty Clay to Clay CL very stiff 125 16 100 1.53 >10 

10.B3 35.5 30 04 4.55 Silty Clay to Clay CL very stiff 125 17 100 1 69 >10 

10.9B 36.0 29.52 4 52 Silly Clay ta Clay CL very stiff 125 17 100 1 66 >10 

11 .13 36.5 30.25 4.64 Silly Clay ta Clay CL very stiff 125 17 100 1.70 >10 

11 .2B 37.0 29.39 4.68 Silly Clay ta Clay CL very suff 125 17 100 1.65 >10 

11.43 37.5 27.60 4.22 Silty Clay ta Clay CL very stiff 125 16 100 1.54 >10 

11.SB 3B.O 27.92 4.11 Silty Clay ta Clay CL very stiff 125 16 100 1 56 >10 

11.73 3B.5 28.57 3,77 Clayey Sill to SIity Clny ML/CL very stiff 120 11 100 1,60 >10 
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LANDMARK CONSULTANTS, INC. 
CONE PENETROMETER INTERPRETATION (based on Robertson & Campanella, 1989, refer to Key to CPT logs) 

Proiect: Heber 2 Reoower Project - Heber, CA Project No: LE19075 Date: 5/2/2007 
CONE SOUNDING: CPT-5 

Est. GWT (II): 8 Phi Correlailon. D O, Schm(78), 1· R&Cl83l,2·PHTl74l 
Base Base Avg Avg Est Est. Rel. Nk: 17 
Deplh Depth Tip Friction Soll Densily or Density SPT Norm % Dens Phi Su 

(m) (fl) Qc, Isl Ratio,% Classification uses Consistency (pcf) N(60) Qc1n Fines Dr(%) (deg.) (tsf) OCR 

11 .66 39.0 24.62 3,37 Clayey Silt to Silty Clay MUCL very stiff 120 10 100 1 36 >10 
12.05 39.5 22.26 3.04 Clayey Silt to Silly Clay MUCL very stiff 120 9 100 1 23 6,70 
12.20 40.0 24,64 3.45 Clayey Sill to Silly Clay MUCL very stiff 120 10 100 1.36 >10 
12.35 40.5 41 .76 4. 14 Clayey Silt to Silly Clay MUCL hard 120 17 95 2 37 >10 
12.50 41 0 64. 96 3.22 Sandy Sill lo Clayey Silt ML medium dense 115 19 51 .B 70 53 35 
12.65 41.5 32.37 3.75 Clayey Sill to Silty Clay MUCL very stiff 120 13 100 1,62 >10 
12.60 42,0 22,75 3,B2 Silty Clay to Clay CL very stiff 125 13 100 1 25 6.00 
12,95 42.5 22.76 3.20 Clayey Silt to Silty Clay MUCL very stiff 120 9 100 1.25 8.14 
13.10 43.0 19.79 3.62 Silty Clay to Clay CL very stiff 125 11 100 1.07 4.57 
1325 43.5 23,66 3.91 Silty Clay to Clay CL very stiff 125 14 100 1.31 6.10 
13.40 44.0 24,93 3,00 Clayey Silt lo Silty Clay MUCL very stiff 120 10 100 1.37 9,19 
13.56 44.5 23.46 2.65 Clayey Silt to Silty Clay MUCL very stiff 120 9 100 1.29 8,00 
13.73 45.0 21 .13 2.78 Clayey Silt lo Silty Clay MUCL very stiff 120 6 100 1.15 6.54 
13,66 45,5 19,10 2 73 Clayey Sill to Silty Clay MUCL very stiff 120 6 100 1.03 5.42 
14.03 46.0 19,63 2 23 Clayey Silt to Silty Clay ML/CL very stiff 120 6 100 1.06 5,65 
14.16 46,5 16,74 2.12 Clayey Silt to Silty Clay ML/CL very stiff 120 7 100 1.01 5,10 
14.33 47,0 16 93 2,49 Clayey Silt to Silly Clay MUCL very stiff 120 6 100 1.02 510 
14.46 47,5 18.85 2 42 Clayey Silt to Silty Clay MUCL very stiff 120 6 100 1.01 5,00 
14.63 46,0 17.53 2.36 Clayey Silt lo Silty Clay MUCL stiff 120 7 100 0.93 4.37 
14,7B 4B,5 16 01 2.0B Clayey Silt to Silty Clay MUCL stiff 120 6 100 0.84 3.74 
14 93 49.0 20 91 1.36 Sandy Silt to Clayey Silt ML very loose 115 6 15 5 100 17 30 
15.10 49.5 17.29 1.76 Sandy Silt to Clayey Silt ML very loose 115 5 12 6 100 12 30 
15.25 50,0 13.65 1.96 Clayey Silt to Silty Clay ML/CL stiff 120 6 100 0.71 3,00 
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Geotechnical Parameters from CPT Data: 
Equivalent SPT N(60) blow count = Qc/(Qc/N Ratio) 

N1 (60) = Cn*N(60) Normalized SPT blow count 

Cn = 1/(p'o)"0.5 < 1.6 max. from Liao & Whitman (1986) 

p'o = effective overburden pressure (tsf) using unit densities 

given below and estimated groundwater table . 

Dr= Relative density(%) from Jamiolkowski et. al, (1986) relationship 

= -98 +68"1og(Qc/p'o'0.5) where Qc, p'o in tonne/sqm 

Note: 1 tonne/sqm = 0.1024 tsf, 1 bar =1 .0443 tsf 

Phi= Friction Angle estimated from either: 

1. Roberton & Campanella (1983) chart: 

Phi= 5.3 + 24.(log(Qc/p'o))+3(1og(Qc/p'o))'2 

2. Peck, Hansen & Thornburn (1974) N-Phi Correlation 

3. Schmertman (1978) chart [Phi= 28+0,14•Drforfine uniform sands] 

Su = undrained shear strength (tsf) 

= (Qc-p'o)/Nk where Nk varies from 10 to 22, 17 for OC clays 

OCR = Overconsolidation Ratio estimated from Schmertman (1978) 

chart using Su/p'o ratio and estimated normal consolidated Su/p'o 

Variation of Qc/N Ratio with Grain Size 

--- Robertson & Campanella (1985) Relationship 

- ---- Adopted relationship for Imperial Valley 

X All Imperial Valley Sites (Est. 050) 

• 
■ 

Youd & Bennet )1983) Imperial Valley Sites 

0.001 0.01 

• 
X 
X 

xx 

1 s~nd to slnv sand 1 
, 11~ to Sandy Silt1 
veys11r 

0.1 

Note: Assumed Properties and Adopted Qc/N Ratio based on correlations from Imperial Valley, California soils 

Table of Soil T es and Assumed Pro erties 
Soll Density R&C Adopted Est. Fines D50 Su 

Classification ucs (pcf) Qc/N Qc/N Pl (%) (mm) (tsf) 

Sensitive fine grained ML 120 2 2 NP-15 65-100 0.02 0-0.13 

Organic Material OL/OH 120 0,13-.25 

Clay CL/CH 125 1.25 25-40+ 90-100 0,002 0.25-0.5 

Silty Clay to Clay CL 125 1.5 2 15-40 90-100 0,01 0.5-1 .0 

Clayey Silt to Silty Clay ML/CL 120 2 2.75 25-May 90-100 0.02 1.0-2.0 

Sandy Silt to Clayey Silt ML 115 2.5 3.5 NP-10 65-100 0.04 >2.0 

Consistency 

very soft 

soft 

firm 

stiff 

very stiff 

hard 

1 

7 Silty Sand to Sandy Silt SM/ML 115 3 5 NP 35-75 0.075 Dr(%) Relative Density 

8 Sand to Silty Sand SP/SM 

9 Sand SP 

10 Gravelly Sand to Sand SW 

11 Overconsolidated Soil 

12 Sand to Clayey Sand SP/SC 

LANDMARK 
Geo-Engineers and Gedogists 

Project No: LE19075 

115 4 6 NP May-35 

110 5 6.5 NP 0-5 

115 6 7.5 NP 0-5 

120 NP 90-100 

115 2 2 NP-5 

Key to CPT Interpretation of Logs 

0.15 0-1 5 

0.3 15-35 

0.6 35-65 

0.01 65-85 

>85 

very loose 

loose 

medium dense 

dense 

very dense 

Plate 
B-6 
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LANDMARK 
Geo-Engineers and Geologists 

Landmark Consultants. Inc. 
780 N. 4th Street 
El Centro, CA 92243 

Project title : Heber 2 Repower Project 

CPT file : CPT-1 

Location : Heber, CA 

Input parameters and analysis data 

Analysis method: NCEER (1998) 
Fines correction method: NCEER (1998) 
Points to test: Based on Jc value 
Earthquake magnitude Mw: 7.00 
Peak ground acceleration: 0.50 

G.W.T. (in-situ) : 
G.W.T. (earthq.): 
Average results interval: 
Jc cut-off value: 
Unit weight calculation: 

8.00 ft 
8.00 ft 
3 
2.60 
Based on SBT 

Use fill: No 
Fill height: N/ A 
Fill weight: N/ A 
Trans. detect. applied: Yes 
K,, applied: Yes 

Clay like behavior 
applied: 
Limit depth applied: 
Limit depth: 
MSF method: 

Sands only 
No 
N/A 
Method based 

Cone resistance 
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Rf(%) 
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CRR&CSR 
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Factor of safety at (tsf) Ic (Rabertsan 1990) 

Mw=7112, sigma'=l atm base curve 
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Liquefaction 
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Summary of liquefaction potential 

0.1 1 
Norrralized friction ratio (%) 

Zone A1: Cyclic liquefaction likely depending on size and duration of cyclic loading 

10 

Zone A2 : Cyclic liquefaction and strength loss like ly depending on loading and ground 

geomelry 
Zone B: Liquefaction and posl~earthquake slrength loss unlikely, check cyclic softening 
Zone C: Cyclic liquefaction and strength loss possible depending on soil plasticity , 

brittleness/sensitivity, strain to peak undrained strength end ground geometry 

Cliq v.2.2.0.32 - CPT Liquefaction Assessment Software - Report created on : 5/22/2019, 7:39:33 AM 1 
Project file: F:\Library\Geotechnical\Landmark Geotechnical Reports\2019 LC! Report Files\LE19075 Heber 2 Repower Project\CPT Liq.clq 
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This software is licensed to: Landmark Consultants, Inc 

CPT basic interpretation plots 
Cone resistance Friction Ratio 
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qt (tsf) Rf(%) 

Input parameters and analysis data 
Analysis method: NCEER (1998) Depth to water table (erthq.): 
Fines correction method: NCEER (1998) 
Points to test: Based on le value 

Average results interval: 
le cut-off value: 

Earthquake magnitude Mw: 7 .00 Unit weight calculation: 
Peak ground acceleration: a.so Use fill : 
Depth to water table (insitu): 8.00 ft Fill height: 

8 

8.00 ft 
3 
2.60 
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Based on SBT 
No 
N/A 

Pore pressure 

0 5 10 
u (psi) 

Fill weight: 
Transition detect. applied: 
K0 applied: 
Clay like behavior applied: 
Limit depth applied: 
Limit depth: 

Cliq v.2.2.0 .32 - CPT Liquefaction Assessment Software - Report created on: 5/22/2019, 7:39:33 AM 

15 

N/A 
Yes 
Yes 
Sands only 
No 
N/A 

Project file: F:\Library\Geotechnical\landmark Geotechnical Reports\2019 LC! Report Files\LE19075 Heber 2 Repower Project\CPT Liq.clq 
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CPT name: CPT-1 
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This software i~ licensed to : Landmark Ccnsultants, Inc 

E:stimatio11 of post-ea r thquake settlements 

Cone resistance SBT11 Plot FS Plot Strain plot 
0 0 0 0 

2 2 2 2-

4 4 4 4 

6 6 6 6 
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so so so so 
so 100 1 2 3 , 0 0.5 1 1.5 2 0 1 2 3 4 5 

qt (tsf) le (Robe1tson 1990) Factor of safety Volurrentric strain (%) 

Abbreviations 

q,: Total cone resistance (cone resistance qc corrected for pore water effects) 
Ic: Soil Behaviour Type I ndex 
FS: Calculated Factor of Safety against liquefaction 
Volumentric strain : Post-liquefaction volumentric strain 

CUq v.2.2.0.32 - CPT Liquefaction Assessment Software - Report created on : 5/22/2013, 7:39 :33 AM 
Project file: F:\Library\Geotechnical\Landmark Geotechnical Reports\2019 LCI Report Files\LE19075 Heber 2 Repower Project\CPT Liq.dq 

0 

2 

4 

6 

8 

10 

12 

H 

16 

18 

20 -

22-

g 2'1 --
.c 
0. 26-
8 

28 -1 

30 

32 

34 

36 

38 

40 

42 

44 

46 

48 

50 "" 
6 

CPT name: CPT-1 

Vertical settlements 

0 
Setlerrent (in) 

3 



EEC ORIGINAL PKG

This software is licensed to : Landmark Consultants, Inc CPT name: CPT-1 

.. Post-earthquake settlement due to soil liquefaction:: 

Depth Q1n,cs FS e, (%) OF Settlement Depth Q1n,cs FS e, (%) OF Settlement 
(ft) (in) (ft) (in) 

8.04 119.97 2.00 0.00 0.86 0.00 8.20 118.98 2.00 0.00 0.86 0.00 

8.37 118.57 2.00 0.00 0.86 0.00 8.53 116.33 2.00 0.00 0.86 0.00 

8.69 111.11 2.00 0.00 0.85 0.00 8.86 105.42 2.00 0.00 0.85 0.00 

9.02 103.12 2.00 0.00 0.85 0.00 9.19 106.12 2.00 0.00 0.84 0.00 

9.35 114.80 2.00 0.00 0.84 0.00 9.51 129.15 2.00 0.00 0.84 0.00 

9.68 142.81 2.00 0.00 0.84 0.00 9.84 155.83 2.00 0.00 0.83 0.00 

10.01 158.63 2.00 0.00 0.83 0.00 10.17 154.96 2.00 0.00 0.83 0.00 

10.33 145.30 2.00 0.00 0.82 0.00 10.50 138.73 2.00 0.00 0.82 0.00 

10.66 137.47 2.00 0.00 0.82 0.00 10.83 136.96 2.00 0.00 0.82 0.00 

10.99 137.99 2.00 0.00 0.81 0.00 11.15 137.59 2.00 0.00 0.81 0.00 

11.32 134.89 2.00 0.00 0.81 0.00 11.48 129.13 2.00 0.00 0.81 0.00 

11.65 123.50 2.00 0.00 0.80 0.00 11.81 121.19 2.00 0.00 0.80 0.00 

11.98 119.62 2.00 0.00 0.80 0.00 12.14 117.79 2.00 0.00 0.79 0.00 

12.30 113.63 2.00 0.00 0.79 0.00 12.47 115.50 2.00 0.00 0.79 0.00 

12.63 123.82 2.00 0.00 0.79 0.00 12.80 132.97 2.00 0.00 0.78 0.00 

12.96 139.15 2.00 0.00 0.78 0.00 13.12 139.59 2.00 0.00 0.78 0.00 

13.29 136.63 2.00 0.00 0.77 0.00 13.45 131.74 2.00 0.00 0.77 0.00 

13.62 130.26 2.00 0.00 0.77 0.00 13.78 134.95 2.00 0.00 0.77 0.00 

13.94 140.91 2.00 0.00 0.76 0.00 14.11 145.02 2.00 0.00 0.76 0.00 

14.27 146.42 2.00 0.00 0.76 0.00 14.44 144.79 2.00 0.00 0.76 0.00 

14.60 141.29 2.00 0.00 0.75 0.00 14.76 138.10 2.00 0.00 0.75 0.00 

14.93 137.24 2.00 0.00 0.75 0.00 15.09 138.96 2.00 0.00 0.74 0.00 

15.26 139.60 2.00 0.00 0.74 0.00 15.42 140.43 2.00 0.00 0.74 0.00 

15.58 139.21 2.00 0.00 0.74 0.00 15.75 140.96 2.00 0.00 0.73 0.00 

15.91 141.85 2.00 0.00 0.73 0.00 16.08 145.91 2.00 0.00 0.73 0.00 

16.24 147.66 2.00 0.00 0.72 0.00 16.40 149.68 2.00 0.00 0.72 0.00 

16.57 145.56 2.00 0.00 0.72 0.00 16.73 140.89 2.00 0.00 0.72 0.00 

16.90 134.62 2.00 0.00 0.71 0.00 17.06 136.61 2.00 0.00 0.71 0.00 

17.22 140.20 2.00 0.00 0.71 0.00 17.39 146.14 2.00 0.00 0.71 0.00 

17.55 148.16 2.00 0.00 0.70 0.00 17.72 144.49 2.00 0.00 0.70 0.00 

17.88 139.25 2.00 0.00 0.70 0.00 18.04 138.26 2.00 0.00 0.69 0.00 

18.21 144.57 2.00 0.00 0.69 0.00 18.37 151.78 2.00 0.00 0.69 0.00 

18.54 154.52 2.00 0.00 0.69 0.00 18.70 153.95 2.00 0.00 0.68 0.00 

18.86 153.12 2.00 0.00 0.68 0.00 19.03 151.55 2.00 0.00 0.68 0.00 

19.19 150.73 2.00 0.00 0.67 0.00 19.36 148.04 2.00 0.00 0.67 0.00 

19.52 147.69 2.00 0.00 0.67 0.00 19.69 151.40 2.00 0.00 0.67 0.00 

19.85 154.31 2.00 0.00 0.66 0.00 20.01 150.07 2.00 0.00 0.66 0.00 

20.18 135.86 2.00 0.00 0.66 0.00 20.34 119.17 2.00 0.00 0.66 0.00 

20.51 104.85 2.00 0.00 0.65 0.00 20.67 104.13 2.00 0.00 0.65 0.00 

20.83 114.48 2.00 0.00 0.65 0.00 21.00 131.00 2.00 0.00 0.64 0.00 

21.16 142.62 2.00 0.00 0.64 0.00 21.33 149.15 2.00 0.00 0.64 0.00 

21.49 153.07 2.00 0.00 0.64 0.00 21.65 154.99 2.00 0.00 0.63 0.00 

21.82 156.00 2.00 0.00 0.63 0.00 21.98 152.30 2.00 0.00 0.63 0.00 

22.15 154.57 2.00 0.00 0.62 0.00 22.31 156.68 2.00 0.00 0.62 0.00 

22.47 159.95 2.00 0.00 0.62 0.00 22.64 157.92 2.00 0.00 0.62 0.00 

22.80 160.9B 2.00 0.00 0.61 0.00 22.97 169.52 2.00 0.00 0.61 0.00 

23.13 176.91 2.00 0.00 0.61 0.00 23.29 178.34 2.00 0.00 0.61 0.00 

23.46 174.45 2.00 0.00 0.60 0.00 23.62 171.54 2.00 0.00 0.60 0.00 
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This software is licensed to: Landmark Consultants, Inc CPT name: CPT-1 

:: Post-earthquake settlement due to soil liquefaction:: (continued} 

Depth Q<n,cs FS ev (%) DF Settlement Depth Q<n,cs FS ev (%) DF Settlement 
(ft) (in) (ft) (tn) 

23.79 172.69 2.00 0.00 0,60 o.oo 23,95 175,54 2.00 0,00 0,59 0,00 

24.11 175.55 2.00 0.00 0.59 0.00 24.28 168.97 2.00 0.00 0.59 0.00 

24.44 157.41 2.00 0.00 0.59 0.00 24.61 146.69 2.00 0.00 0.58 0.00 

24.77 140,58 2.00 0.00 0.58 0.00 24,93 139.79 2.00 0.00 0,58 0.00 

25.10 139.62 2.00 0.00 0.57 0.00 25.26 138.81 2.00 0.00 0.57 0.00 

25.43 136.75 2.00 0.00 0.57 0.00 25.59 133.88 2.00 0.00 0.57 0.00 

25.75 129.01 2.00 0.00 0.56 0.00 25.92 123.09 2.00 0.00 0.56 0.00 

26.08 121.15 2.00 0.00 0.56 0.00 26.25 124.71 2.00 0.00 0.56 0.00 

26.41 127.90 2.00 0.00 0.55 0.00 26.57 128.10 2.00 0.00 0.55 0.00 

26.74 126.91 2.00 0.00 0.55 0.00 26.90 128.06 2.00 0.00 0.54 0.00 

27.07 129.48 2.00 0.00 0.54 0.00 27.23 128.59 2.00 0.00 0.54 0.00 

27.40 126.11 2.00 0.00 0.54 0.00 27.56 122.56 2.00 0.00 0.53 0.00 

27.72 119.14 2.00 0.00 0.53 0.00 27.89 116.40 2.00 0.00 0.53 0.00 

28.05 117.08 2.00 0.00 0.52 0.00 28.22 115.67 2.00 0.00 0.52 0.00 

28.38 118.11 2.00 0.00 0.52 0.00 28.54 118.18 2.00 0.00 0.52 0.00 

28.71 118.83 2.00 0.00 0.51 0.00 28.87 118.78 2.00 0.00 0.51 0.00 

29.04 120.47 2.00 0.00 0.51 0.00 29.20 125.00 2.00 0.00 0.51 0.00 

29.36 131.40 2.00 0.00 0.50 0.00 29.53 135.95 2.00 0.00 0.50 0.00 

29.69 136.80 2.00 0.00 0.50 0.00 29.86 135.40 2.00 0.00 0.49 0.00 

30.02 131.15 2.00 0.00 0.49 0.00 30.18 127.34 2.00 0.00 0.49 0.00 

30.35 121.69 2.00 0.00 0.49 0.00 30.51 115.70 2.00 0.00 0.48 0.00 

30.68 111.80 2.00 0.00 0.48 0.00 30.84 112.22 2.00 0.00 0.48 0.00 

31.00 112.33 2.00 0.00 0.47 0.00 31.17 111.25 2.00 0.00 0.47 0.00 

31.33 112.16 2.00 0.00 0.47 0.00 31.50 114.87 2.00 0.00 0.47 0.00 

31.66 114.02 2.00 0.00 0.45 0.00 31.82 110.25 2.00 0.00 0.45 0.00 

31.99 108.73 2.00 0.00 0.46 0.00 32.15 112.92 2.00 0.00 0.46 0.00 

32.32 116.75 2.00 n nn n AC 0.00 32.48 119.82 2.00 0.00 0.45 0.00 V,VV v.,J 

32.64 120.23 2.00 0.00 0.45 0.00 32.81 121.28 2.00 0.00 0.44 0.00 

JL.~I lLU,'tb L.UU u.uu U.'l'I u.uu JJ.l'I ll/.b/ L .UU u.uu U.'l'I u.uu 

33.30 111.47 2.00 0.00 0.44 0.00 33.46 105.37 2.00 0.00 0.43 0.00 

33.63 100.20 2.00 0.00 0.43 0.00 33.79 95.08 2.00 0.00 0.43 0.00 

33.96 90.37 2.00 0.00 0.42 0.00 34.12 87.91 2.00 0.00 0.42 0.00 

34.28 90.52 2.00 0.00 0.42 0.00 34.45 96.32 2.00 0.00 0.42 0.00 

34.61 99.51 2.00 0.00 0.41 0.00 34.78 99.39 2.00 0.00 0.41 0.00 

34.94 95.45 2.00 0.00 0.41 0.00 35.10 92.69 2.00 0.00 0.41 0.00 

35.27 91.26 2.00 0.00 0.40 0.00 35.43 95.67 2.00 0.00 0.40 0.00 

35.60 104.11 2.00 0.00 0.40 0.00 35.76 111.84 2.00 0.00 0.39 0.00 

35.93 115.82 2.00 0.00 0.39 0.00 36.09 116.17 2.00 0.00 0.39 0.00 

36.25 118.60 2.00 0.00 0.39 0.00 36.42 122.19 2.00 0.00 0.38 0.00 

36.58 126.65 2.00 0.00 0.38 0.00 36.75 127.95 2.00 0.00 0.38 0.00 

36.91 123.10 2.00 0.00 0.37 0.00 37.07 114.03 2.00 0.00 0.37 0.00 

37.24 104.72 2.00 0.00 0.37 0.00 37.40 98.46 2.00 0.00 0.37 0.00 

37.57 91.59 2.00 0.00 0.36 0.00 37.73 82.25 2.00 0.00 0.36 0.00 

37.89 70.62 2.00 0.00 0.36 0.00 38.06 60.48 2.00 0.00 0.35 0.00 

38.22 63.21 2.00 0.00 0.35 0.00 38.39 76.34 2.00 0.00 0.35 0.00 

38.55 91.11 2.00 0.00 0.35 0.00 38.71 98.86 2.00 0.00 0.34 0.00 

38.88 99.34 2.00 0.00 0.34 0.00 39.04 95.61 2.00 0.00 0.34 0.00 

39.21 86.80 2.00 0.00 0.34 0.00 39.37 76.19 2.00 0.00 0.33 0.00 
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This software is licensed to: Landmark Consultants, Inc CPT name: CPT-1 

:: Post-earthquake settlement due to soil liquefaction :: (continued) 

Depth Q1r1,cs FS ev (%) DF Settlement Depth Q1r1,cs FS e. (%) DF Settlement 
(ft) (in) (ft) (In) 

39.53 64.64 2.00 o.oo 0.33 0.00 39.70 60.43 2.00 0.00 0.33 0.00 

39.86 58.79 2.00 0.00 0.32 0.00 40.03 58.19 2.00 o.oo 0.32 0.00 

40.19 55.59 2.00 0.00 0.32 0.00 40.35 57.57 2.00 0.00 0.32 0.00 

40.52 62.98 2.00 0.00 0.31 0.00 40.68 69.67 2.00 0.00 0.31 0.00 

40.85 73.76 2.00 0.00 0.31 0.00 41.01 74.59 2.00 0.00 0.30 0.00 

41.17 72.68 2.00 0.00 0.30 0.00 41.34 69.91 2.00 o.oo 0.30 0.00 

41.50 66.62 2.00 0.00 0.30 0.00 41.67 63.67 2.00 0.00 0.29 0.00 

41.83 58.22 2.00 0.00 0.29 0.00 41.99 56.51 2.00 0.00 0.29 0.00 

42.16 59.31 2.00 0.00 0.29 0.00 42.32 68.96 2.00 o.oo 0.28 0.00 

42.49 76.21 2.00 0.00 0.28 0.00 42.65 79.83 2.00 0.00 0.28 0.00 

42.81 78.47 2.00 0.00 0.27 0.00 42.98 75.37 2.00 0.00 0.27 0.00 

43.14 72.19 2.00 0.00 0.27 0.00 43.31 72.07 2.00 0.00 0.27 0.00 

43.47 73.96 2.00 0.00 0.26 0.00 43.64 75.40 2.00 0.00 0.26 0.00 

43.80 74.08 2.00 0.00 0.26 0.00 43.96 71.55 2.00 0.00 0.25 0.00 

44.13 69.30 2.00 0.00 0.25 0.00 44.29 68.40 2.00 0.00 0.25 0.00 

44.46 68.25 2.00 0.00 0.25 0.00 44.62 67.81 2.00 0.00 0.24 0.00 

44.78 65.86 2.00 0.00 0.24 0.00 44.95 62.49 2.00 0.00 0.24 0.00 

45.11 59.84 2.00 0.00 0.24 0.00 45.28 59.58 2.00 0.00 0.23 0.00 

45.44 61.66 2.00 0.00 0.23 0.00 45.60 63.62 2.00 0.00 0.23 0.00 

45.77 63.78 2.00 0.00 0.22 0.00 45.93 62.47 2.00 o.oo 0.22 0.00 

46.10 62.45 2.00 0.00 0.22 0.00 46.26 63.43 2.00 0.00 0.22 0.00 

46.42 64.80 2.00 0.00 0.21 0.00 46.59 63.69 2.00 0.00 0.21 0.00 

46.75 62.33 2.00 0.00 0.21 0.00 46.92 61.14 2.00 0.00 0.20 0.00 

47.08 60.30 2.00 0.00 0.20 0.00 47.24 58.40 2.00 0.00 0.20 0.00 

47.41 57.02 2.00 0.00 0.20 0.00 47.57 56.85 2.00 o.oo 0.19 0.00 

47.74 57.68 2.00 o.oo 0.19 0.00 47.90 57.58 2.00 0.00 0.19 0.00 

48.06 57.06 2.00 0.00 0.19 0.00 48.23 56.18 2.00 0.00 0.18 0.00 

48.39 55.57 2.00 0.00 0.18 0.00 48.56 54.87 2.00 o.oo 0.18 0.00 

48.72 54.42 2.00 0.00 0.17 0.00 48.88 54.29 2.00 0.00 0.17 0.00 

49.05 53.61 2.00 0.00 0.17 0.00 49.21 51.61 2.00 0.00 0.17 0.00 

49.38 49.82 2.00 0.00 0.16 0.00 49.54 49.51 2.00 o.oo 0.16 0.00 

49.70 49.89 2.00 0.00 0.16 0.00 49.87 54.16 2.00 0.00 0.15 0.00 

50.03 57.29 2.00 0.00 0.15 0.00 

Total estimated settlement: 0,00 

Abbreviations 

Q1r1,cs : Equivalent clean sand normalized cone resistance 
FS: Factor of safety against liquefaction 
ev (%): Post-liquefaction volumentric strain 
DF: ev depth weighting factor 
Settlement: Calculated settlement 
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LANDMARK 
Geo-En9111ee1 s and Geologi sts 

Landmark Consultants, Inc. 
780 N. 4th Street 

El Centro, CA 92243 

Project title : Heber 2 Repower Project 

CPT file: CPT-2 

Location : Heber, CA 

Input parameters and analysis data 

Analysis method: NCEER (1998) 
Fines correction method: NCEER (1998) 
Points to test: Based on le value 
Earthquake magnitude Mw: 7.00 

G.W.T. (in-situ): 
G.W.T. (earthq.): 
Average results interval: 
le cut-off value: 

8.00 ft 
8.00 ft 
3 
2.60 

Use fill: 
Fill height: 
Fill weight: 
Trans. detect. applied: 

Clay like behavior 
applied: 
Limit depth applied: 
Limit depth: 

Sands only 
No 
N/A 

Peak ground acceleration: a.so Unit weight calculation: Based on SBT K,, applied: 
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Yes MSF method: Method based 
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Zone A2 : Cyclic liquefaction and strength loss likety depending on loading and ground 
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Zone B: Liquefaction and past-earthquake strength loss unlikely, check cyclic softening 

Zone C: Cyclic liquefaction and strength loss possible depending on soil plasticity, 
britlleness/sensilivity, strain to peak undrained strength and ground geometry 
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Input parameters and analysis data 
Analysis method: NCEER (1998) Depth to water table (erthq.): 
Fines correction method: NCEER (1998) 
Points to test: Based on le value 

Average results interval: 
le cut-off value: 

Earthquake magnitude Mw: 7.00 Unit weight calculation: 
Peak ground acceleration: 0.50 Use fill : 
Depth to water table (insitu): 8.00 ft Fill height: 

CPT name: CPT-2 

CPT basic interpretation plots 
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E: st i mat i o r1 of post - ea rt h q u a k e sett I em e n ts 
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Abbreviations 
q,: Total cone resistance (cone resistance qc corrected for pore water effects) 
I,: Soil Behaviour Type Index 
FS: calculated Factor of Safety against liquefaction 
Volumentric strain: Post-liquefaction volumentric strain 

Cliq v.2.2.0.32 - CPT Liquefaction Assessment Software - Report created on: 5/22/201'l , 7:39 :34 AM 

Project file: F:\Library\Geotechnical\L.andmark Geotechnical Reports\2019 LC! Report Files\LE19075 Heber 2 Repower Project\CPT Liq.clq 

0 

2-

4 

6 

8 

10 

12 

14 

16-

18-

20 

22 
~ ..... 
!t:, 24 
.c ..... 
c. 26 -
8 

28 

30 

32-

34 

36-

38-

40-

42-

44 -

46-

48-

so-
6 

CPT name: CPT-2 

Vertical settlements 

0 
Settlement (in) 

9 



EEC ORIGINAL PKG

This software is licensed to: Landmark Consultants, Inc CPT name : CPT-2 

.. Post-earthquake settlement due to soil liquefaction :: 

Depth Qtr,,cs FS ev (%) DF Settlement Depth Qu,,cs FS ev (%) DF Settlement 
(ft) (in) (ft) (in) 

8.04 87,36 2.00 o.oo 0.86 0.00 8.20 87.19 2.00 0.00 0.86 0.00 

8.37 96.18 2.00 0.00 0.86 0.00 8.53 106.38 2.00 0.00 0.86 0.00 

8.69 112.48 2.00 0,00 0.85 0.00 8.86 110,89 2.00 0.00 0.85 0.00 

9.02 111.02 2.00 0.00 0.85 0.00 9.19 116.47 2.00 0.00 0.84 0,00 

9.35 122,07 2.00 0.00 0.84 0.00 9.51 124.70 2.00 0.00 0.84 0.00 

9.68 124.57 2.00 0,00 0.84 0.00 9.84 125,67 2.00 0.00 0.83 0.00 

10.01 128.65 2.00 0.00 0.83 0.00 10.17 133.81 2.00 o.oo 0.83 0.00 

10.33 139.27 2.00 0,00 0.82 0.00 10.50 141.24 2.00 0.00 0.82 0.00 

10.66 140.53 2.00 0.00 0.82 0.00 10.83 137.12 2.00 0.00 0.82 0.00 

10.99 132,08 2.00 0,00 0.81 0.00 11.15 125,69 2.00 0.00 0,81 0.00 

11.32 121.22 2.00 0,00 0.81 0.00 11.48 118.55 2.00 0.00 0.81 0.00 

11.65 114.78 2.00 0.00 0.80 0.00 11.81 114.47 2.00 o.oo 0.80 0.00 

11.98 117.86 2.00 0.00 0.80 o.oo 12.14 123.32 2.00 0.00 0.79 0.00 

12.30 124.95 2.00 0.00 0.79 0.00 12.47 126,35 2.00 o.oo 0.79 0.00 

12.63 127.12 2.00 0.00 0.79 0.00 12.80 126.75 2.00 0.00 0.78 0.00 

12.96 128,67 2.00 0,00 0.78 0.00 13.12 137,01 2.00 0.00 0.78 0.00 

13.29 146.43 2.00 0.00 0.77 0.00 13.45 152.65 2.00 0.00 0.77 0.00 

13.62 152.23 2.00 0.00 0.77 0.00 13.78 150.77 2.00 0.00 0.77 0.00 

13.94 149.69 2.00 0.00 0,76 0.00 14.11 147,77 2.00 0.00 0.76 0.00 

14.27 143,23 2.00 0.00 0.76 0.00 14.44 134,40 2.00 0.00 0.76 0.00 

14.60 130.85 2.00 0.00 0.75 0.00 14.76 131.78 2.00 o.oo 0.75 0.00 

14.93 137.68 2.00 0.00 0.75 0.00 15.09 141.06 2.00 0.00 0.74 0.00 

15.26 142.59 2.00 0,00 0.74 0.00 15.42 140.26 2.00 0.00 0.74 0.00 

15.58 137,71 2.00 0.00 0,74 0.00 15.75 138.11 2.00 0.00 0.73 0.00 

15.91 142,76 2.00 0,00 0.73 o.oo 16.08 148,65 2.00 0.00 0.73 0.00 

16.24 151.42 2.00 0,00 0.72 0.00 16.40 149,65 2.00 o.oo 0.72 0.00 

16.57 142.62 2.00 0.00 0.72 0.00 16.73 137.02 2.00 0.00 0.72 0.00 

16.90 134.47 2.00 0,00 0.71 0.00 17.06 136.99 2.00 0.00 0.71 0.00 

17.22 140.40 2.00 0.00 0.71 0.00 17.39 144,16 2.00 0.00 0.71 0.00 

17.55 147,16 2.00 0,00 0.70 0.00 17.72 147.34 2.00 0.00 0.70 0,00 

17.88 145.63 2.00 0.00 0.70 o.oo 18.04 142.20 2.00 0.00 0.69 0.00 

18.21 137.49 2.00 0.00 0.69 0.00 18.37 134.79 2.00 0.00 0.69 0.00 

18.54 135.52 2.00 0.00 0.69 0.00 18.70 138.83 2.00 0.00 0.68 0.00 

18.86 142,10 2.00 0,00 0.68 0.00 19.03 147.42 2.00 0.00 0,68 0.00 

19.19 153.72 2.00 0.00 0.67 0.00 19.36 155,93 2.00 0.00 0.67 0.00 

19.52 149.47 2.00 0.00 0.67 0.00 19.69 138,34 2.00 0.00 0.67 0.00 

19.85 130.61 2.00 0.00 0.66 0.00 20.01 127.39 2.00 0.00 0.66 0.00 

20 .18 126.45 2.00 0.00 0.66 o.oo 20.34 122,79 2.00 0.00 0.66 0,00 

20.51 120.62 2.00 0.00 0.65 0.00 20.67 123.16 2.00 0.00 0.65 0.00 

20.83 132.56 2.00 0.00 0.65 0.00 21.00 144.81 2.00 0.00 0.64 0.00 

21.16 158.42 2.00 0.00 0.64 0.00 21.33 169.86 2.00 0.00 0.64 0.00 

21.49 175.02 2.00 o.oo 0.64 o.oo 21.65 173.22 2.00 0.00 0.63 0.00 

21.82 164,99 2.00 0.00 0.63 o.oo 21.98 158.59 2.00 0.00 0.63 0.00 

22.15 151.83 2.00 0.00 0.62 0.00 22.31 144.28 2.00 o.oo 0.62 0.00 

22.47 133.91 2.00 0.00 0.62 0.00 22.64 122,50 2.00 o.oo 0.62 0.00 

22.80 113.97 2.00 0.00 0.61 o.oo 22.97 115,77 2.00 0.00 0.61 0.00 

23.13 130.82 2.00 0.00 0.61 0.00 23.29 142.43 2.00 0.00 0.61 0.00 

23.46 145,56 2.00 0,00 0,60 0.00 23.62 138.07 2,00 0.00 0,60 0.00 
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:: Post-earthquake settlement due to soil liquefaction:: (continued) 

Depth Q,n,cs FS ev (%) DF Settlement Depth Q1n,cs FS e, (%) DF Settlement 
(ft) (in) (ft) (ln) 

23.79 137.78 2.00 0.00 O.GO 0.00 2).95 142.26 2.00 0.00 0.59 0.00 

24.11 152.61 2.00 0.00 0.59 0.00 24.28 157.26 2.00 0.00 0.59 0.00 

24.44 157.24 2.00 0.00 0.59 0.00 24.61 149.93 2.00 0.00 0.58 0.00 

24.77 142.55 2.00 0.00 0.58 0.00 24.93 143.51 2.00 0.00 0.58 0.00 

25.10 149.66 2.00 0.00 0.57 0.00 25.26 152.78 2.00 0.00 0.57 0.00 

25.43 148.83 2.00 0.00 0.57 0.00 25.59 143.18 2.00 0.00 0.57 0.00 

25.75 139.46 2.00 0.00 0.56 0.00 25.92 135.62 2.00 0.00 0.56 0.00 

26.08 133.19 2.00 0.00 0.56 0.00 26.25 130.04 2.00 0.00 0.56 0.00 

26.41 126.80 2.00 0.00 0.55 0.00 26.57 123.29 2.00 0.00 0.55 0.00 

26.74 124.77 2.00 0.00 0.55 0.00 26.90 128.04 2.00 0.00 0.54 0.00 

27.07 127.87 2.00 0.00 0.54 0.00 27.23 124.65 2.00 0.00 0.54 0.00 

27.40 123.42 2.00 0.00 0.54 0.00 27.56 125.82 2.00 0.00 0.53 0.00 

27.72 129.41 2.00 0.00 0.53 0.00 27.89 132.22 2.00 0.00 0.53 0.00 

28.05 136.18 2.00 0.00 0.52 0.00 28.22 139.19 2.00 0.00 0.52 0.00 

28.38 139.58 2.00 0.00 0.52 0.00 28.54 136.40 2.00 0.00 0.52 0.00 

28.71 132.41 2.00 0.00 0.51 0.00 28.87 131.90 2.00 0.00 0.51 0.00 

29.04 133.41 2.00 0.00 0.51 0.00 29.20 135.88 2.00 0.00 0.51 0.00 

29.36 139.24 2.00 0.00 0.50 0.00 29.53 144.11 2.00 0.00 0.50 0.00 

29.69 147.91 2.00 0.00 0.50 0.00 29.86 148.75 2.00 0.00 0.49 0.00 

30.02 146.27 2.00 0.00 0.49 0.00 30.18 143.95 2.00 0.00 0.49 0.00 

30.35 143.23 2.00 0.00 0.49 0.00 30.51 146.19 2.00 0.00 0.48 0.00 

30.68 150.88 2.00 0.00 0.48 0.00 30.84 153.31 2.00 0.00 0.48 0.00 

31.00 153.80 2.00 0.00 0.47 0.00 31.17 154.28 2.00 0.00 0.47 0.00 

31.33 157.57 2.00 0.00 0.47 0.00 31.50 153.01 2.00 0.00 0.47 0.00 

31.66 154.59 2.00 0.00 0.46 0.00 31.82 152.70 2.00 0.00 0.46 0.00 

31.99 155.75 2.00 0.00 0.46 0.00 32.15 151.09 2.00 0.00 0.46 0.00 

32.32 147.83 2.00 0.00 0.45 0.00 32.48 145.76 2.00 0.00 0.45 0.00 

32.64 140.14 2.00 0.00 0.45 0.00 32.81 133.97 2.00 0.00 0.44 0.00 

32.97 UU.3l LUU u.uu U.'14 u.uu jj,l'I UL.L"I L.UU u.uu U.'l'I u.uu 

33.30 133.70 2.00 0.00 0.44 0.00 33.46 131.98 2.00 0.00 0.43 0.00 

33.63 130.38 2.00 0.00 0.43 0.00 33.79 132.66 2.00 0.00 0.43 0.00 

33.96 137.36 2.00 0.00 0.42 0.00 34.12 139.02 2.00 0.00 0.42 0.00 

34.28 136.49 2.00 0.00 0.42 0.00 34.45 134.01 2.00 0.00 0.42 0.00 

34.61 131.99 2.00 0.00 0.41 0.00 34.78 130.99 2.00 0.00 0.41 0.00 

34.94 124.05 2.00 0.00 0.41 0.00 35.10 106.18 2.00 0.00 0.41 0.00 

35.27 108.32 2.00 0.00 0.40 0.00 35.43 116.24 2.00 0.00 0.40 0.00 

35.60 131.29 2.00 0.00 0.40 0.00 35.76 128.43 2.00 0.00 0.39 0.00 

35.93 124.20 2.00 0.00 0.39 0.00 36.09 120.99 2.00 0.00 0.39 0.00 

36.25 118.67 2.00 0.00 0.39 0.00 36.42 117.46 2.00 0.00 0.38 0.00 

36.58 116.41 2.00 0.00 0.38 0.00 36.75 114.96 2.00 0.00 0.38 0.00 

36.91 112.18 2.00 0.00 0.37 0.00 37.07 109.16 2.00 0.00 0.37 0.00 

37.24 108.67 2.00 0.00 0.37 0.00 37.40 109.91 2.00 0.00 0.37 0.00 

37.57 113.02 2.00 0.00 0.36 0.00 37.73 115.42 2.00 0.00 0.36 0.00 

37.89 118.48 2.00 0.00 0.36 0.00 38.06 120.42 2.00 0.00 0.35 0.00 

38.22 120.97 2.00 0.00 0.35 0.00 38.39 120.42 2.00 0.00 0.35 0.00 

38.55 119.67 2.00 0.00 0.35 0.00 38.71 118.51 2.00 0.00 0.34 0.00 

38.88 117.61 2.00 0.00 0.34 0.00 39.04 115.20 2.00 0.00 0.34 0.00 

39.21 110.80 2.00 0.00 0.34 0.00 39.37 105.70 2.00 0.00 0.33 0.00 
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:: Post-earthquake settlement due to soil liquefaction:: (continued) 

Depth Qo,,cs FS e, (%) DF Settlement Depth Qo,,cs FS e, (%) DF Settlement 
(ft) (In) (ft) (In) 

39.53 101.48 2.00 0.00 0.33 0.00 39.70 98.49 2.00 o.oo 0.33 0.00 

39.86 96.59 2.00 0.00 0.32 0.00 40.03 95.67 2.00 0.00 0.32 0.00 

40.19 97.13 2.00 0.00 0.32 0.00 40.35 98.64 2.00 0.00 0.32 0.00 

40.52 98.88 2.00 0.00 0.31 0.00 40.68 96.83 2.00 0.00 0.31 0.00 

40.85 92.14 2.00 0.00 0.31 0.00 41.01 88.77 2.00 0.00 0.30 0.00 

41.17 84.35 2.00 0.00 0.30 0.00 41.34 81.40 2.00 0.00 0.30 0.00 

41.50 77.39 2.00 0.00 0.30 0.00 41.67 76.16 2.00 o.oo 0.29 0.00 

41.83 76.40 2.00 0.00 0.29 o.oo 41.99 76.66 2.00 0.00 0.29 0.00 

42.16 75.61 2.00 0.00 0.29 0.00 42.32 71.98 2.00 o.oo 0.28 0.00 

42.49 68.05 2.00 0.00 0.28 0.00 42.65 66.80 2.00 0.00 0.28 0.00 

42.81 69.47 2.00 0.00 0.27 0.00 42.98 73.47 2.00 0.00 0.27 0.00 

43.14 75.84 2.00 0.00 0.27 0.00 43.31 76.24 2.00 o.oo 0.27 0.00 

43.47 75.02 2.00 0.00 0.26 0.00 43.64 74.38 2.00 0.00 0.26 0.00 

43.80 74.31 2.00 0.00 0.26 0.00 43.96 74.98 2.00 o.oo 0.25 0.00 

44.13 74,60 2.00 0.00 0.25 0.00 44.29 76.20 2.00 0.00 0.25 0.00 

44.46 80.54 2.00 0.00 0.25 0.00 44.62 86.78 2.00 0.00 0,24 0.00 

44.78 90.93 2.00 0.00 0.24 0.00 44.95 93.24 2.00 0.00 0.24 0.00 

45.11 93.73 2.00 0.00 0.24 0.00 45.28 92.65 2.00 0.00 0.23 0.00 

45.44 89.03 2.00 0.00 0.23 0.00 45.60 84.92 2.00 o.oo 0.23 0.00 

45.77 80.93 2.00 0.00 0.22 o.oo 45.93 77.69 2.00 0.00 0.22 0.00 

46.10 74.24 2.00 0.00 0.22 0.00 46.26 71.34 2.00 o.oo 0.22 0.00 

46.42 68.07 2.00 0.00 0.21 0.00 46.59 65.10 2.00 0.00 0.21 0.00 

46.75 63.06 2.00 0.00 0.21 0.00 46.92 62.80 2.00 0.00 0.20 0.00 

47.08 63.25 2.00 0.00 0.20 0.00 47.24 63.50 2.00 0.00 0.20 0.00 

47.41 64.30 2.00 0.00 0.20 o.oo 47.57 66.85 2.00 0.00 0.19 0.00 

47.74 69.90 2.00 0.00 0.19 0.00 47.90 71.36 2.00 o.oo 0.19 0.00 

48.06 69.62 2.00 0.00 0.19 0.00 48.23 66.49 2.00 0.00 0.18 0.00 

48.39 64.48 2.00 0.00 0.18 o.oo 48.56 65.33 2.00 0.00 0.18 0.00 

48.72 67.11 2.00 0.00 0.17 0.00 48.88 66.06 2.00 0.00 0.17 0.00 

49.05 63.01 2.00 0.00 0.17 0.00 49.21 61.74 2.00 0.00 0.17 0.00 

49.38 63.70 2.00 0.00 0.16 0.00 49.54 65.97 2.00 0.00 0.16 0.00 

49.70 65.40 2.00 0.00 0.16 0.00 49.87 62.98 2.00 0.00 0.15 0.00 

50.03 60.76 2.00 0.00 0.15 0.00 

Total estimated settlement: 0,00 

Abbreviations 

Qo,,cs: Equivalent clean sand normalized cone resistance 
FS: Factor of safety against liquefaction 
e. (%): Post-liquefaction volumentric strain 
OF: e. depth weighting factor 
Settlement: Calculated settlement 
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LANDMARK 
Geo-Engineers and Geologists 

Landmark Consultants, Inc. 
780 N. 4th Street 

El Centro, CA 92243 

Project title : Heber 2 Repower Project 

CPT file : CPT-3 

Location : Heber, CA 

Input parameters and analysis data 

Analysis method: NCEER (1998) 
Fines correction method: NCEER (1998) 
Points to test: Based on Jc value 
Earthquake magnitude Mw: 7.00 
Peak ground acceleration: a.so 

G.W.T. (in-situ): 
G.W.T. (earthq.): 
Average results interval : 
le cut-off value: 
Unit weight calculation: 

8.00 ft 
8.00 ft 
3 
2.60 
Based on SBT 

Use fill: No 
Fill height: N/ A 
Fill weight: N/ A 
Trans. detect. applied: Yes 
K,, applied: Yes 

Clay like behavior 
applied: 
Limit depth applied: 
Limit depth: 
MSF method: 

Sands only 
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N/A 
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Cone resistance Friction Ratio 
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Input parameters and analysis data 
Analysis method: NCEER (1998) Depth to water table (erthq.): 
Fines correction method : NCEER (1998) 
Points to test: Based on le value 

Average results interval: 
le cut-off value: 

Earthquake magnitude Mw: 7.00 
Peak ground acceleration: a.so 
Depth to water table (insitu) : 8.00 ft 

Unit weight calculation: 
Use fill: 
Fill height: 

CPT basic interpretation plots 
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E:stimatiori of post-earthquake settlements 

Cone resistance SBTn Plot FS Plot Strain plot Vertical settlements 
0 0 0 0 0 

2 2 2 2- 2-

4 4 4 4- 4 -

6 6 6 6- 6-

8 8 8 8 - 8-

10 10 10 10- 10-

12 l2 12 12- 12-

14 14 14 14- 14 -

16 16 16 16- 16-

18 18 18 18- 18-

20 20 20 20- 20 -

22 u 22 22- 22 -
~ ~ ~ :;:;- ~ 

~ 24 :t:. 24 
...., ...., 
~ 24 ~ 24- ~ 24-

.s::: .s::: .s::: .s::: .s::: ...., ...., o. 26 
...., ...., 

c. 26 c. 26 c. 26- c. 26-
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28 28 28 28- 28-

30 30 30 30 30-

32 32 32 32 32-
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36 3(j 36 36- 36-

38 38 38 38- 38-

40 40 40 40- 40-

42 42 42 42 - 42-

4'1 44 44 44- 44-

46 46 46 46 - 46-

'18 48 48 48- 48-

50 ~o so 
I 

so 
so 100 150 1 2 3 4 0.5 1 1. 5 2 0 1 2 3 4 5 6 0 

qt (tsf) le (Robertson 1990) Factor of safety Volumentric strain (%) Settlement (in) 

Abbreviations 

q,: Total cone resistance (cone resistance qc corrected for pore water effects) 
I,: Soil Behaviour Type Index 
FS : Calculated Factor of Safety against liquefaction 
Volumentric strain : Post-liquefaction volumentric strain 
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.. Post-earthquake settlement due to soil liquefaction :: 

Depth Q1n,cs FS ev (%) DF Settlement Depth Qtn,cs FS ev (%) DF Settlement 
(ft) (in) (ft) (in) 

8.04 105.22 2.00 0.00 0.86 0.00 8.20 98.09 2.00 0.00 0.86 0.00 

8.37 89.48 2.00 0.00 0.86 o.oo 8.53 84.06 2.00 o.oo 0.86 0.00 

8.69 85.12 2.00 0.00 0.85 0.00 8.86 93.40 2.00 0.00 0.85 0.00 

9.02 99.67 2.00 0.00 0.85 0.00 9.19 104.91 2.00 0.00 0.84 0.00 

9.35 106.95 2.00 0.00 0.84 0.00 9.51 115.87 2.00 0.00 0.84 0.00 

9.68 128.34 2.00 0.00 0.84 0.00 9.84 137.59 2.00 0.00 0.83 0.00 

10.01 139.16 2.00 0.00 0.83 o.oo 10.17 135.75 2.00 o.oo 0.83 0.00 

10.33 134.00 2.00 0.00 0.82 0.00 10.50 136.19 2.00 0.00 0.82 0.00 

10.66 138.03 2.00 0.00 0.82 o.oo 10.83 138.95 2.00 o.oo 0.82 0.00 

10.99 137.77 2.00 0.00 0.81 0.00 11.15 136.64 2.00 0.00 0.81 0.00 

11.32 132.10 2.00 0.00 0.81 0.00 11.48 125.76 2.00 0.00 0.81 0.00 

11.65 120.13 2.00 0.00 0.80 0.00 11.81 120.19 2.00 0.00 0.80 0.00 

11.98 125.19 2.00 0.00 0.80 0.00 12.14 132.55 2.00 0.00 0.79 0.00 

12.30 140.53 2.00 0.00 0.79 o.oo 12.47 151.43 2.00 o.oo 0.79 0.00 

12.63 157.43 2.00 0.00 0.79 0.00 12.80 158.94 2.00 0.00 0.78 0.00 
12.96 155.22 2.00 0.00 0.78 0.00 13.12 152.28 2.00 0.00 0.78 0.00 

13.29 151.52 2.00 0.00 0.77 0.00 13.45 152.54 2.00 0.00 0.77 0.00 

13.62 152.19 2.00 0.00 0.77 0.00 13.78 153.09 2.00 0.00 0.77 0.00 

13.94 154.64 2.00 0.00 0.76 0.00 14.11 156.69 2.00 0.00 0.76 0.00 

14.27 155.45 2.00 0.00 0.76 0.00 14.44 149.53 2.00 0.00 0.76 0.00 

14.60 141.82 2.00 0.00 0.75 o.oo 14.76 137.16 2.00 o.oo 0.75 0.00 

14.93 132.83 2.00 0.00 0.75 0.00 15.09 128.46 2.00 0.00 0.74 0.00 

15.26 120.02 2.00 0.00 0.74 0.00 15.42 114.98 2.00 0.00 0.74 0.00 

15.58 115.12 2.00 0.00 0.74 0.00 15.75 121.64 2.00 0.00 0.73 0.00 

15.91 125.61 2.00 0.00 0.73 0.00 16.08 126.76 2.00 0.00 0.73 0.00 

16.24 125.34 2.00 0.00 0.72 o.oo 16.40 122.47 2.00 o.oo 0.72 0.00 

16.57 116.72 2.00 0.00 0.72 0.00 16.73 112.12 2.00 0.00 0.72 0.00 

16.90 113.22 2.00 0.00 0.71 0.00 17.06 120.49 2.00 0.00 0.71 0.00 

17.22 126.45 2.00 0.00 0.71 0.00 17.39 130.53 2.00 0.00 0.71 0.00 

17.55 132.64 2.00 0.00 0.70 0.00 17.72 135.99 2.00 0.00 0.70 0.00 

17.88 137.42 2.00 0.00 0.70 0.00 18.04 136.58 2.00 0.00 0.69 0.00 

18.21 132.83 2.00 o.oo 0.69 o.oo 18.37 131.91 2.00 o.oo 0.69 0.00 

18.54 132.44 2.00 0.00 0.69 0.00 18.70 132.83 2.00 0.00 0.68 0.00 

18.86 132.94 2.00 0.00 0.68 0.00 19.03 132.94 2.00 0.00 0.68 0.00 

19.19 135.47 2.00 0.00 0.67 0.00 19.36 134.98 2.00 0.00 0.67 0.00 

19.52 132.82 2.00 0.00 0.67 0.00 19.69 129.87 2.00 0.00 0.67 0.00 

19.85 126.97 2.00 0.00 0.66 0.00 20.01 123.39 2.00 0.00 0.66 0.00 

20.18 116.87 2.00 0.00 0.66 0.00 20.34 109.55 2.00 0.00 0.66 0.00 

20.51 105.52 2.00 0.00 0.65 0.00 20.67 105.35 2.00 0.00 0.65 0.00 

20.83 107.65 2.00 0.00 0.65 0.00 21.00 108.62 2.00 0.00 0.64 0.00 

21.16 112.61 2.00 0.00 0.64 0.00 21.33 117.42 2.00 0.00 0.64 0.00 

21.49 121.92 2.00 0.00 0.64 0.00 21.65 125.67 2.00 0.00 0.63 0.00 

21.82 129.09 2.00 0.00 0.63 0 .00 21.98 130.92 2.00 0.00 0.63 0.00 

22.15 132.02 2.00 0.00 0.62 o.oo 22.31 133.84 2.00 0.00 0.62 0.00 

22.47 140.34 2.00 0.00 0.62 0.00 22.64 144.51 2.00 0.00 0.62 0.00 

22.80 149.71 2.00 0.00 0.61 0.00 22.97 152.21 2.00 0.00 0.61 0.00 

23.13 158.62 2.00 0.00 0.61 0.00 23.29 164.29 2.00 0.00 0.61 0.00 

23.46 163.34 2.00 0.00 0.60 0.00 23.62 149.57 2.00 0.00 0.60 0.00 
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:: Post-earthquake settlement due to soil liquefaction :: (continued) 

Depth Q<n,cs FS e. (%) DF Settlement Depth Qtn,cs FS e. (%) DF Settlement 

(ft) (in) (ft) (in) 

23.79 137.21 2.00 0.00 o.rio U.00 23.95 138.01 2.00 0.00 0.59 o.oo 

24.11 142.14 2.00 0.00 0.59 o.oo 24.28 141.20 2.00 0.00 0.59 0.00 

24.44 130.89 2.00 0.00 0.59 0.00 24.61 121.03 2.00 0.00 0.58 0.00 

24.77 117.62 2.00 0.00 0.58 0.00 24.93 121.38 2.00 0.00 0.58 0.00 

25.10 126.27 2.00 0.00 0.57 0.00 25.26 130.22 2.00 0.00 0.57 0.00 

25.43 129.59 2.00 0.00 0.57 0.00 25.59 131.09 2.00 0.00 0.57 0.00 

25.75 135.18 2.00 0.00 0.56 0.00 25.92 139.49 2.00 0.00 0.56 0.00 

26.08 139.40 2.00 0.00 0.56 0.00 26.25 137.13 2.00 0.00 0.56 0.00 

26.41 133.24 2.00 o.oo 0.55 0.00 26.57 128.22 2.00 0.00 0.55 0.00 

26.74 120.94 2.00 0.00 0.55 0.00 26.90 117.65 2.00 0.00 0.54 0.00 

27.07 123.39 2.00 0.00 0.54 0.00 27.23 130.15 2.00 0.00 0.54 0.00 

27.40 134.00 2.00 o.oo 0.54 o.oo 27.56 130.29 2.00 0.00 0.53 0.00 

27.72 125.72 2.00 0.00 0.53 0.00 27.89 123.53 2.00 0.00 0.53 0.00 

28.05 123.09 2.00 0.00 0.52 0.00 28.22 121.41 2.00 0.00 0.52 0.00 

28.38 117.09 2.00 0.00 0.52 0.00 28.54 111.50 2.00 0.00 0.52 0.00 

28.71 108.31 2.00 0.00 0.51 0.00 28.87 107.69 2.00 0.00 0.51 0.00 

29.04 112.56 2.00 0.00 0.51 0.00 29.20 119.74 2.00 0.00 0.51 0.00 

29.36 125.93 2.00 0.00 a.so 0.00 29.53 127.06 2.00 0.00 0.50 0.00 

29.69 126.51 2.00 0.00 0.50 0.00 29.86 125.39 2.00 0.00 0.49 0.00 

30.02 129.92 2.00 o.oo 0.49 o.oo 30.18 135.27 2.00 0.00 0.49 0.00 

30.35 140.32 2.00 0.00 0.49 0.00 30.51 137.30 2.00 0.00 0.48 0.00 

30.68 129.14 2.00 0.00 0.48 0.00 30.84 120.95 2.00 0.00 0.48 0.00 

31.00 116.56 2.00 0.00 0.47 0.00 31.17 119.19 2.00 0.00 0.47 0.00 

31.33 123.11 2.00 0.00 0.47 0.00 31.50 131.51 2.00 0.00 0.47 0.00 

31.66 140.19 2.00 o.oo 0.46 0.00 31.82 148.00 2.00 0.00 0.46 0.00 

31.99 151.97 2.00 0.00 0.46 0.00 32.15 151.52 2.00 0.00 0.46 0.00 

32.32 145.89 2.00 o.oo 0.45 0.00 32.48 138.22 2.00 0.00 0.45 0.00 

32.64 131.44 2.00 0.00 0.45 0.00 32.81 126.66 2.00 0.00 0.44 0.00 

32.97 120.92 2.00 0.00 0.44 0.00 33.14 115.l!l L.UU u.uu u.~4 v.vu 

33.30 117.32 2.00 0.00 0.44 0.00 33.46 122.10 2.00 0.00 0.43 0.00 

33.63 123.45 2.00 0.00 0.43 0.00 33.79 118.97 2.00 0.00 0.43 0.00 

33.96 114.29 2.00 0.00 0.42 0.00 34.12 113.26 2.00 0.00 0.42 0.00 

34.28 116.07 2.00 0.00 0.42 0.00 34.45 120.77 2.00 0.00 0.42 0.00 

34.61 124.37 2.00 0.00 0.41 0.00 34.78 124.30 2.00 0.00 0.41 0.00 

34.94 107.22 2.00 0.00 0.41 0.00 35.10 104.14 2.00 0.00 0.41 0.00 

35.27 103.90 2.00 0.00 0.40 0.00 35.43 114.48 2.00 0.00 0.40 0.00 

35.60 108.91 2.00 0.00 0.40 0.00 35.76 103.69 2.00 0.00 0.39 0.00 

35.93 103.19 2.00 0.00 0.39 o.oo 36.09 102.94 2.00 0.00 0.39 0.00 

36.25 100.79 2.00 0.00 0.39 0.00 36.42 95.16 2.00 0.00 0.38 0.00 

36.58 89.61 2.00 0.00 0.38 0.00 36.75 86 .08 2.00 0.00 0.38 0.00 

36.91 85.66 2.00 0.00 0.37 0.00 37.07 88.52 2.00 0.00 0.37 0.00 

37.24 90.83 2.00 o.oo 0.37 0.00 37.40 92.89 2.00 0.00 0.37 0.00 

37.57 92.98 2.00 0.00 0.36 0.00 37.73 92.32 2.00 0.00 0.36 0.00 

37.89 90.55 2.00 0.00 0.36 0.00 38.06 89.64 2.00 0.00 0.35 0.00 

38.22 90.25 2.00 o.oo 0.35 0.00 38.39 91.89 2.00 0.00 0.35 0.00 

38 .55 94.,3 2.00 o.oo 0.35 0.00 38.71 96.50 2.00 0.00 0.34 0.00 

38.88 96.89 2.00 0.00 0.34 0.00 39.04 94.80 2.00 0.00 0.34 0.00 

39.21 90.16 2.00 0.00 0.34 0.00 39.37 83.66 2.00 0.00 0.33 0.00 
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:: Post-earthquake settlement due to soil liquefaction :: (continued) 

Depth Q1n,cs FS ev (%) DF Settlement Depth Q1n,cs FS ev (%) DF Settlement 
(ft) (in) (ft) (In) 

39,53 76,97 2.00 0,00 0.33 0.00 39.70 70.89 2.00 0,00 0,33 0.00 

39.86 68.91 2,00 0.00 0,32 0,00 40,03 71.76 2.00 o.oo 0.32 0,00 

40,19 81.13 2.00 0.00 0.32 0.00 40.35 93.57 2.00 0.00 0.32 0.00 

40.52 103.75 2.00 0.00 0.31 0.00 40.68 107.44 2.00 0.00 0.31 0.00 

40.85 110.91 2.00 0.00 0.31 0.00 41.01 115.14 2.00 0.00 0.30 0.00 

41.17 118,91 2,00 0,00 0.30 0,00 41,34 114.80 2,00 0,00 0.30 0,00 

41.50 103.67 2.00 0.00 0.30 0.00 41.67 91.95 2.00 0,00 0,29 0.00 

41.83 88.04 2,00 0,00 0,29 0.00 41.99 90.47 2.00 0,00 0,29 0.00 

42.16 92.83 2.00 0.00 0.29 0.00 42.32 87.29 2.00 o.oo 0.28 0.00 

42.49 78,72 2.00 0.00 0,28 0.00 42.65 71.54 2,00 0,00 0,28 O,DD 

42.81 71.84 2.00 0,00 0.27 0.00 42,98 73.65 2.00 0.00 0,27 0.00 
43,14 75,58 2.00 0,00 0.27 0,00 43,31 74.00 2.00 0,00 Q,27 0.00 

43.47 73.64 2.00 0.00 0.26 0.00 43.64 73.86 2.00 0.00 0.26 0.00 

43,80 76,92 2.00 0,00 0.26 0.00 43,96 78,92 2,00 o,oo 0.25 0,00 

44.13 81.06 2.00 0.0D 0.25 D.00 44.29 83.91 2.00 0.00 0,25 0.0D 

44.46 85,95 2,00 0,00 0,25 D.00 44.62 85.68 2,DO 0.00 0,24 0.00 

44.78 83.55 2.00 0.00 0.24 0.00 44,95 80.58 2,00 0,00 0.24 0.00 

45,11 77.10 2,00 0.00 0.24 0.00 45.28 74.16 2.00 0.00 0.23 0.00 

45.44 71.31 2.00 0,00 0.23 0.00 45.60 66.96 2.00 0.00 0.23 0.00 

45.77 60.99 2.00 o.oo 0.22 0.00 45.93 55,97 2.00 o.oo 0.22 0.00 

46.10 56.91 2.00 0.00 0.22 0.00 46.26 61.03 2.00 0.00 0.22 0.00 

46.42 64.41 2.00 0,00 0.21 0.00 46.59 62.81 2.00 0.00 0.21 0.00 

46.75 58.05 2.00 0.00 0.21 0.00 46.92 53.06 2.00 0.00 0.20 0.00 

47 ,08 52.59 2.00 0,00 0,20 0.00 47,24 54,97 2,00 0.00 0.20 0.00 

47.41 58.19 2.00 0.00 0.20 0.00 47.57 61.05 2.00 o.oo 0.19 0.00 

47.74 64.16 2.00 0,00 0.19 0.00 47.90 66,86 2.00 0.00 0.19 0.00 

48.06 73.10 2.00 0.00 0.19 0.00 48.23 77.76 2.00 0.00 0.18 0.00 

48.39 80.72 2.00 0,00 0.18 0.00 48.56 78.24 2.00 o.oo 0.18 0.00 

48.72 74.42 2.00 0,00 0.17 0.00 48.88 68.90 2;00 0.00 0,17 0.00 

49.05 63,15 2.00 0.00 0.17 0.00 49.21 57,14 2.00 0.00 0,17 0.00 

49.38 52.74 2.00 0.00 0.16 0.00 49.54 51.53 2.00 o.oo 0.16 0.00 

49.70 56.86 2.00 0,00 0.16 0.00 49.87 66.86 2.00 0.00 0.15 0.00 

50.03 74.65 2.00 0.00 0.15 0.00 

Total estimated settlement: 0.00 

Abbreviations 

Q1n,cs : Equivalent clean sand normalized cone resistance 
FS: Factor of safety against liquefaction 
ev (%): Post-liquefaction volumentric strain 
DF: ev depth weighting factor 
Settlement: Calculated settlement 
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Project title : Heber 2 Repower Project 

CPT file: CPT-4 

Input parameters and analysis data 

Analysis method: NCEER (1998) 
~ines correction method: NCEER (1998) 
Points to test: Based on le value 
Earthquake magnitude Mw: 7.00 
Peak ground acceleration: a.so 

G.W.T. (in-situ): 
G.W.T. (earthq.): 
Average results interval: 
le cut-off value: 
Unit weight calculation: 

Cone resistance Friction Ratio 

Location : Heber, CA 
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aµµlietl: 
Limit depth applied: 
Limit depth: 
MSF method: 

Sct11tls u11ly 
No 
N/A 
Method based 

FS Plot 
0 ,---------===-i o~-=--------, o....----= o~----~----, o 

2 

4 

6 
8 

10 

2 

4 

6 

8 

10 

14 

16 

1B 

20 

:2 22 
::;; 24 

ti 26 

~ 28 

30 

32 

34 

36 

38 

40 

42 

44 

46 
48 

so~ ~ ---.- -----1 

2 

4 

6 
8 

10 

12 

14 

16 

18 

20 

22 

21 

26 

28 
30 

32 

31 

3G 

38 

10 
42 

44 

46 

48 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

30 

32 

34 

JG -
38 

40 

42 

44 

46 

48 

50 "}-i,-,-rr-..-r--r-i~ 

2 

4 

6 
8 -t----~ -\ 

10 

12 

14 

16 

18 

20 

22 

24 
26 

28 

30 

32 

34 

]6 

38 

40 

42 

44 

46 
-18 

50 ""1---,---.----,-,---,---1 

12 

J.4 

16 

18 

io 
22 
24 

26 
28 

30 

32 

31 

36 

38 
40 

42 

44 

46 

48 

50 101 4 6 
Rf(%) 

8 10 l 2 3 4 0.2 0.4 
CRR&CSR 

0.6 0.5 1 1.5 
Factor of safety 

2 

* a'. 
VJ 

~ 
* 0 
:.:; 

"' a'. 
V, 
V, 

~ .., 
VJ 

-~ u 
>-u 

qt (tsf) le (Robertson 1990) 

Mw=71' 2, sigma'=l atm base curve 
0.8 

Liquefaction 

0.7 

0.6 

♦ ♦ 

0.5 

0.4 

0.3 

0.2 

0.1 

No Liquefaction 
Q+-,~~~.,....,~ ..... ,....,~.,....,..,....,....,....,~.,....,..,....,....,....,~ .,....,..,....,....,.""T""~,-,c-1-

0 20 40 60 80 100 
Qtn,cs 

120 140 160 180 200 

Summary of liquefaction potential 
1,000 

7 8 
el 
c:: 
"' t, 
'iii 
~ 
c:: 100 
0 

:.:; 
~ .., 
Q) 
c:: 
Q) 
C. 

1:--
LL 
u 
'O 10 
Q) 

.!::! 
iii 
E 
0 z 

l 
0.1 1 10 

Norrralized friction ratio (%) 
Zone A1: Cyclic liquefaction likely depending on size and duration or cyclic loading 
7nnP. A~ r.ydir. li11uP.fRr:linn ;rnd 5lnmglh loss likely depending on loading and ground 
geometry 
Zone B: Liquefaction and post-earthquake strength lass unlikely, check cyclic softening 
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Cone resistance Friction Ratio 
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Input parameters and analysis data 
Analysis method: NCEER (1998) Depth to water table (erthq.): 
Fines correction method: NCEER (1998) 
Points to test: Based on le value 

Average results interval: 
le cut-off value: 

Earthquake magnitude Mw: 7.00 Unit weight calculation: 
Peak ground acceleration: 0.50 Use fill: 
Depth to water table (insitu): 8.00 It Fill height: 
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E:stimatiori of post-earthquake settlements 

Cone resistance SBTn Plot FS Plot Strain plot Vertical settlements 
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qt (tsf) Ic (Robertson 1990) Factor of safety Volumentric strain(%) Settlement (in) 

Abbreviations 
q,: Total cone resistance (cone resistance Qc corrected for pore water ~ffects) 
le: Soil Behaviour Type Index 
FS: Calculated Factor of Safety against liquefaction 
Volumentric strain: Post-liquefaction volumentric strain 
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.. Post-earthquake settlement due to soil liquefaction :: 

Depth Qo,,cs FS ev (%) DF Settlement Depth Qo,,cs FS e. (%) DF Settlement 
(ft) (in) (ft) (In) 

8.04 142.33 2.00 0.00 0.86 0.00 8.20 139.48 2.00 0.00 0.86 0.00 

8.37 138.37 2.00 0.00 0.86 0.00 8.53 139.38 2.00 0.00 0.86 0.00 

8.69 139.25 2.00 0.00 0.85 0.00 8.86 137.40 2.00 0.00 0.85 0.00 

9.02 135.29 2.00 0.00 0.85 0.00 9.19 135.08 2.00 0.00 0.84 0.00 

9.35 134.94 2.00 0.00 0.84 0.00 9.51 135.74 2.00 0.00 0.84 0.00 

9.68 134.20 2.00 0.00 0.84 0.00 9.84 130.53 2.00 0.00 0.83 0.00 

10.01 123.17 2.00 0.00 0.83 0.00 10.17 117.24 2.00 0.00 0.83 0.00 

10.33 113.17 2.00 0.00 0.82 0.00 10.50 112.17 2.00 0.00 0.82 0.00 

10.66 108.77 2.00 0.00 0.82 0.00 10.83 104.41 2.00 0.00 0.82 0.00 

10.99 101.82 2.00 0.00 0.81 0.00 11.15 104.52 2.00 0.00 0.81 0.00 

11.32 109.26 2.00 0.00 0.81 0.00 11.48 112.95 2.00 0.00 0.81 0.00 

11.65 119.67 2.00 0.00 0.80 0.00 11.81 128.35 2.00 0.00 0.80 0.00 

11.98 140.47 2.00 0.00 0.80 0.00 12.14 147.20 2.00 0.00 0.79 0.00 

12.30 148.82 2.00 0.00 0.79 0.00 12.47 144.70 2.00 0.00 0.79 0.00 

12.63 140.44 2.00 0.00 0.79 0.00 12.80 138.49 2.00 0.00 0.78 0.00 

12.96 137.16 2.00 0.00 0.78 0.00 13.12 135.57 2.00 0.00 0.78 0.00 

13.29 132.50 2.00 0.00 0.77 0.00 13.45 129.05 2.00 0.00 0.77 0.00 

13.62 125.64 2.00 0.00 0.77 0.00 13.78 124.00 2.00 0.00 0.77 0.00 

13.94 123.55 2.00 0.00 0.76 0.00 14.11 123.41 2.00 0.00 0.76 0.00 

14.27 120.42 2.00 0.00 0.76 0.00 14.44 118.59 2.00 0.00 0.76 0.00 

14.60 119.72 2.00 0.00 0.75 0.00 14.76 124.75 2.00 0.00 0.75 0.00 

14.93 129.68 2.00 0.00 0.75 0.00 15.09 132.02 2.00 0.00 0.74 0.00 

15.26 133.55 2.00 0.00 0.74 0.00 15.42 134.74 2.00 0.00 0.74 0.00 

15.58 134.99 2.00 0.00 0.74 0.00 15.75 133.14 2.00 0.00 0.73 0.00 

15.91 128.53 2.00 0.00 0.73 0.00 16.08 125.13 2.00 0.00 0.73 0.00 

16.24 124.40 2.00 0.00 0.72 0.00 16.40 129.52 2.00 0.00 0.72 0.00 

16.57 133.92 2.00 0.00 0.72 0.00 16.73 138.54 2.00 0.00 0.72 0.00 

16.90 138.35 2.00 0.00 0.71 0.00 17.06 138.11 2.00 0.00 0.71 0.00 

17.22 135.17 2.00 0.00 0.71 0.00 17.39 131.59 2.00 0.00 0.71 0.00 

17.55 129.88 2.00 0.00 0.70 0.00 17.72 132.65 2.00 0.00 0.70 0.00 

17.88 129.80 2.00 0.00 0.70 0.00 18.04 125.42 2.00 0.00 0.69 0.00 

18.21 120.72 2.00 0.00 0.69 0.00 18.37 117.18 2.00 0.00 0.69 0.00 

18.54 111.78 2.00 0.00 0.69 0.00 18.70 102.14 2.00 0.00 0.68 0.00 

18.86 99.81 2.00 0.00 0.68 0.00 19.03 103.57 2.00 0.00 0.68 0.00 

19.19 110.46 2.00 0.00 0.67 0.00 19.36 115.60 2.00 0.00 0.67 0.00 

19.52 121.21 2.00 0.00 0.67 0.00 19.69 128.63 2.00 0.00 0.67 0.00 

19.85 135.46 2.00 0.00 0.66 0.00 20.01 137.97 2.00 0.00 0.66 0.00 

20.18 138.68 2.00 0.00 0.66 0.00 20.34 141.42 2.00 0.00 0.66 0.00 

20.51 148.20 2.00 0.00 0.65 0.00 20.67 152.28 2.00 0.00 0.65 0.00 

20.83 154.70 2.00 0.00 0.65 0.00 21.00 155.14 2.00 0.00 0.64 0.00 

21.16 153.33 2.00 0.00 0.64 0.00 21.33 146.51 2.00 0.00 0.64 0.00 

21.49 137.48 2.00 0.00 0.64 0.00 21.65 130.46 2.00 0.00 0.63 0.00 

21.82 135.64 2.00 0.00 0.63 0.00 21.98 146.28 2.00 0.00 0.63 0.00 

22.15 157.92 2.00 0.00 0.62 0.00 22.31 162.22 2.00 0.00 0.62 0.00 

22.47 158.98 2.00 0.00 0.62 0.00 22.64 153.08 2.00 0.00 0.62 0.00 

22.80 147.97 2.00 0.00 0.61 0.00 22.97 147.24 2.00 0.00 0.61 0.00 

23.13 146.00 2.00 0.00 0.61 0.00 23.29 142.46 2.00 0.00 0.61 0.00 

23.46 137.35 2.00 0.00 0.60 0.00 23.62 134.72 2.00 0.00 '0.60 0.00 
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:: Post-earthquake settlement due to soil liquefaction:: (continued) 

Depth Q tn ,cs FS ev (% ) OF Settlement Depth Qtn,cs FS ev (%) OF Settlement 
(ft) (in) (ft) (in) 

23.79 135.51 2.00 0.00 0.60 0.00 23.95 140.30 2.00 0.00 0.59 0.00 

24.11 148.28 2.00 0.00 0.59 0.00 24.28 155.88 2.00 0.00 0.59 0.00 

24.44 157.27 2.00 0.00 0.59 0.00 24.61 150.21 2.00 0.00 0.58 0.00 

24.77 141.21 2.00 0.00 0.58 0.00 24.93 135.75 2.00 0.00 0.58 0.00 

25.10 133.99 2.00 0.00 0.57 0.00 25.26 129.44 2.00 0.00 0.57 0.00 

25.43 124.86 2.00 0.00 0.57 0.00 25.59 121.99 2.00 0.00 0.57 0.00 

25.75 119.46 2.00 0.00 0.56 0.00 25.92 114.39 2.00 0.00 0.56 0.00 

26.08 108.01 2.00 0.00 0.56 0.00 26.25 102.56 2.00 0.00 0.56 0.00 

26.41 98.09 2.00 0.00 0.55 0.00 26.57 94.88 2.00 0.00 0.55 0.00 

26.74 93.00 2.00 0.00 0.55 0.00 26.90 92.55 2.00 0.00 0.54 0.00 

27.07 94.48 2.00 0.00 0.54 0.00 27.23 98.16 2.00 0.00 0.54 0.00 

27.40 102.11 2.00 0.00 0.54 0.00 27.56 105.58 2.00 0.00 0.53 0.00 

27.72 108.32 2.00 0.00 0.53 0.00 27.89 108.90 2.00 0.00 0.53 0.00 

28.05 105.70 2.00 0.00 0.52 0.00 28.22 101.01 2.00 0.00 0.52 0.00 

28.38 101.21 2.00 0.00 0.52 0.00 28.54 109.35 2.00 0.00 0.52 0.00 

28.71 122.45 2.00 0.00 0.51 0.00 28.87 132.20 2.00 0.00 0.51 0.00 

29.04 132.26 2.00 0.00 0.51 0.00 29.20 122.61 2.00 0.00 0.51 0.00 

29.36 113.45 2.00 0.00 0.50 0.00 29.53 108.45 2.00 0.00 0.50 0.00 

29.69 112.51 2.00 0.00 0.50 0.00 29.86 122.10 0.47 0.98 0.49 0.02 

30.02 134.00 0.57 0.90 0.49 0.02 30.18 139.79 2.00 0.00 0.49 0.00 

30.35 134.38 2.00 0.00 0.49 0.00 30.51 125.58 2.00 0.00 0.48 0.00 

30.68 118.58 2.00 0.00 0.48 0.00 30.84 113.67 2.00 0.00 0.48 0.00 

31.00 107.11 2.00 0.00 0.47 0.00 31.17 101.29 2.00 0.00 0.47 0.00 

31.33 99.19 2.00 0.00 0.47 0.00 31.50 101.98 2.00 0.00 0.47 0.00 

31.66 105.65 2.00 0.00 0.46 0.00 31.82 110.41 2.00 0.00 0.46 0.00 

31.99 112.05 2.00 0.00 0.46 0.00 32.15 110.51 2.00 0.00 0.46 0.00 

32.32 106.64 2.00 0.00 0.45 0.00 32.40 106.90 2.00 0.00 0.45 0.00 

32.64 113.40 2.00 0.00 0.45 0.00 32.81 120.33 2.00 0.00 0.44 0.00 

32.97 120.02 2.00 0.00 0.44 0.00 jj,14 lU.!>/ L.UU u.uu U.44 u.uu 

33.30 105.91 2.00 0.00 0.44 0.00 33.46 102.21 2.00 0.00 0.43 0.00 

33.63 98.16 2.00 0.00 0.43 0.00 33.79 94.29 2.00 0.00 0.43 0.00 

33.96 92.81 2.00 0.00 0.42 0.00 34.12 94.31 2.00 0.00 0.42 0.00 

34.28 92.55 2.00 0.00 0.42 0.00 34.45 90.14 2.00 0.00 0.42 0.00 

34.61 91.88 2.00 0.00 0.41 0.00 34.78 97.81 2.00 0.00 0.41 0.00 

34.94 99.81 2.00 0.00 0.41 0.00 35.10 98.30 2.00 0.00 0.41 0.00 

35.27 96.86 2.00 0.00 0.40 0.00 35.43 97.74 2.00 0.00 0.40 0.00 

35.60 97.15 2.00 0.00 0.40 0.00 35.76 95.38 2.00 0.00 0.39 0.00 

35.93 94.33 2,00 0.00 0.39 o.oo 36.09 98.44 2.00 0.00 0.39 0.00 

36.25 106.57 2.00 0.00 0.39 0.00 36.42 116.11 2.00 0.00 0.38 0.00 

36.58 121.17 2.00 0.00 0.38 0.00 36.75 121.27 2.00 0.00 0.38 0.00 

36.91 118.99 2.00 0.00 0.37 0.00 37.07 118.97 2.00 0.00 0.37 0.00 

37.24 121.97 2.00 0.00 0.37 0.00 37.40 122.80 2.00 0.00 0.37 0.00 

37.57 119.74 2.00 0.00 0.36 0.00 37.73 112.21 2.00 0.00 0.36 0.00 

37.89 105.81 2.00 0.00 0.36 0.00 38.06 101.75 2.00 0.00 0.35 0.00 

38.22 99.67 2.00 0.00 0.35 0.00 38.39 97.89 2.00 0.00 0.35 0.00 

38.55 95.90 2.00 0.00 0.35 0.00 38.71 93.10 2.00 0.00 0.34 0.00 

38.88 89.59 2.00 0.00 0.34 0.00 39.04 86.60 2.00 0.00 0.34 0.00 

39.21 85.25 2.00 0.00 0.34 0.00 39.37 84.76 2.00 0.00 0.33 0.00 
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:: Post-earthquake settlement due to soil liquefaction :: ( continued) 

Depth Q1n,cs FS ev (%) DF Settlement Depth Q1n,cs FS ev (%) DF Settlement 
(ft) (in) (ft) (In) 

39.53 83.85 2.00 0.00 0.33 0.00 39.70 81.80 2.00 0.00 0.33 0.00 

39.86 79.22 2.00 0.00 0.32 0.00 40.03 76.47 2.00 0.00 0.32 0.00 

40.19 73.46 2.00 0.00 0.32 0.00 40.35 71.67 2.00 0.00 0.32 0.00 

40.52 70.72 2.00 0.00 0.31 0.00 40.68 69.95 2.00 0.00 0.31 0.00 

40.85 69.28 2.00 0.00 0.31 0.00 41.01 69.53 2.00 0.00 0.30 0.00 

41.17 71.27 2.00 0.00 0.30 0.00 41.34 74.52 2.00 0.00 0.30 0.00 

41.50 80.79 2.00 0.00 0.30 0.00 41.67 83.97 2.00 0.00 0.29 0.00 

41.83 85.73 2.00 0.00 0.29 0.00 41.99 83.77 2.00 0.00 0.29 0.00 

42.16 83.35 2.00 0.00 0.29 0.00 42.32 81.51 2.00 0.00 0.28 0,00 

42.49 78.90 2.00 0.00 0.28 0.00 42.65 77.04 2.00 0.00 0.28 0.00 

42.81 76.77 2.00 0.00 0.27 0.00 42.98 78.97 2.00 0.00 0.27 0.00 

43.14 83.16 2.00 0.00 0.27 0.00 43.31 88.56 2.00 0.00 0.27 0.00 

43.47 91.55 2.00 0.00 0.26 0.00 43.64 91.06 2.00 0.00 0.26 0.00 

43.80 88.91 2.00 0.00 0.26 0.00 43.96 86.77 2.00 0.00 0.25 0.00 

44.13 84.65 2.00 0.00 0.25 0.00 44.29 82.07 2.00 0.00 0.25 0.00 

44.46 80.48 2.00 0.00 0.25 0.00 44.62 80.38 2.00 0.00 0.24 0.00 

44.78 B0.96 2.00 0.00 0.24 0,00 44.95 80,56 2.00 0.00 0.24 0.00 

45.11 79.49 2.00 0.00 0.24 0.00 45.28 79.02 2.00 0.00 0.23 0.00 

45.44 79.B4 2.00 0.00 0.23 0.00 45.60 82.76 2.00 0.00 0.23 0.00 

45.77 83.63 2.00 0.00 0.22 0.00 45.93 82.78 2.00 0.00 0.22 0.00 

46.10 77.11 2.00 0.00 0.22 0.00 46.26 72.76 2.00 0.00 0.22 0.00 

46.42 69.37 2.00 0.00 0.21 0.00 46.59 69.74 2.00 0.00 0.21 0.00 

46.75 69.62 2.00 0.00 0.21 0.00 46.92 69.91 2.00 0.00 0.20 0.00 

47.08 72.01 2.00 0.00 0.20 0.00 47.24 75.02 2.00 0.00 0.20 0.00 

47.41 7B.40 2.00 0.00 0.20 0.00 47.57 79.97 2.00 0.00 0.19 0.00 

47.74 79.74 2.00 0.00 0.19 0.00 47.90 76.12 2.00 0.00 0.19 0.00 

48.06 69.32 2.00 0.00 0.19 0.00 48,23 60.53 2.00 0.00 0.18 0.00 

48.39 53.50 2.00 0.00 0.18 0.00 48.56 51.55 2.00 0.00 0.18 0.00 

48.72 53.74 2.00 0.00 0.17 0.00 48.88 58.38 2.00 0.00 0.17 0.00 

49.05 63.34 2.00 0.00 0.17 0.00 49.21 68.92 2.00 0.00 0.17 0.00 

49.38 72.80 2.00 0.00 0.16 0.00 49.54 76.03 2.00 0.00 0.16 0.00 

49.70 77.80 2.00 0.00 0.16 0.00 49.87 79.94 2.00 0.00 0.15 0.00 

50.03 81.33 2.00 0.00 0.15 0.00 

Total estimated settlement: 0.04 

Abbreviations 

Q1n,cs: Equivalent clean sand normalized cone resistance 
FS: Factor of safety against liquefaction 
ev (%): Post-liquefaction volumentric strain 
DF: ev depth weighting factor 
Settlement: Calculated settlement 
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LANDMARK 
Landmark Consultants, Inc, 
780 N. 4th Street 

El Centro, CA 92243 
l;eo-l::ng111eers ,ind Geolog1sts 

Project title : Heber 2 Repower Project 

CPT file: CPT-5 

Input parameters and analysis data 

Analysis method: NCEER (1998) G.W.T. (in-situ): 
Fines correction method: NCEER (1998) G.W.T. (earthq.): 
Points to test: Based on le value 
Earthquake magnitude Mw: 7.00 

Average results interval: 
le cut-off value: 

Peak ground acceleration : 0.50 Unit weight calculation: 
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This software is licensed to: Landmark Consultants, Inc 
CPT name: CPT-5 

CPT basic interpretation plots 
Cone resistance Friction Ratio 
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Input parameters and analysis data 
Analysis method: NCEER (1998) Depth to water table (erthq.): 
Fines correction method: NCEER (1998) 
Points to test: Based on le value 

Average results interval : 
le cut-off value: 

Earthquake magnitude Mw: 7.00 
Peak ground acceleration: a.so 
Depth to water table (insitu): 8.00 ft 

Unit weight calculation : 
Use fill : 
Fill height: 
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Fill weight: 
Transition detect. applied: 
I<, applied: 
Clay like behavior applied: 
Limit depth applied: 
Limit depth: 
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Estimatior, of post-earthquake settlements 
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Abbreviations 

q,: Total cone resistance (cone resistance Qc corrected for pore water ~ffects) 
I,: Soil Behaviour Type Index 
FS: Calculated Factor of Safety against liquefaction 
Volumentric strain : Post-liquefaction volumentric strain 
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.. Post-earthquake settlement due to soil liquefaction :: 

Depth Q1n,cs FS e, (%) DF Settlement Depth Q tn,cs FS e, (%) DF Settlement 
(ft) (in) (ft) (in) 

8.04 119.22 2.00 0.00 0.86 0.00 8.20 120.85 2.00 0.00 0.86 0.00 

8.37 121.77 2.00 0.00 0.86 0.00 8.53 121.74 2.00 0.00 0.86 0.00 

8.69 123.66 2.00 0.00 0.85 0.00 8.86 127.30 2.00 0.00 0.85 0.00 

9.02 130.40 2.00 0,00 0.85 0.00 9.19 130.61 2.00 0.00 0.84 0.00 

9.35 129.25 2.00 0.00 0.84 0.00 9.51 127.22 2.00 0.00 0.84 0.00 

9.68 125.93 2.00 0.00 0.84 0.00 9.84 124.71 2.00 0.00 0.83 0.00 

10.01 123.50 2.00 0.00 0.83 0.00 10.17 120.59 2.00 0.00 0.83 0.00 

10.33 115.49 2.00 0.00 0.82 0.00 10.50 108.81 2.00 0.00 0.82 0.00 

10.66 102.72 2.00 0.00 0.82 0.00 10.83 97.88 2.00 0.00 0.82 0.00 

10.99 94.40 2.00 0.00 0.81 0.00 11.15 93.33 2.00 0.00 0.81 0.00 

11.32 92.09 2.00 0.00 0.81 0.00 11.48 95.09 2.00 0.00 0.81 0.00 

11.65 105.48 2.00 0.00 0.80 0.00 11.81 117.60 2.00 0.00 0.80 0.00 

11.98 131.26 0.69 1.33 0.80 0.03 12.14 143.05 0.84 0.96 0.79 0.02 

12.30 152.70 0.97 0.47 0.79 0.01 12.47 152.80 2.00 0.00 0.79 0.00 

12.63 143.18 2.00 0.00 0.79 0.00 12.80 134.31 2.00 0.00 0.78 0.00 

12.96 130.65 2.00 0.00 0.78 0.00 13.12 129.65 2.00 0.00 0.78 0.00 

13.29 127.91 2.00 0.00 0.77 0.00 13.45 124.35 2.00 0.00 0.77 0.00 

13.62 120.29 2.00 0.00 0.77 0.00 13.78 120.60 2.00 0.00 0.77 0.00 

13.94 128.55 2.00 0.00 0.76 0.00 14.11 137.42 2.00 0.00 0.76 0.00 

14.27 142.24 2.00 0.00 0.76 0.00 14.44 141.06 2.00 0.00 0.76 0.00 

14.60 138.35 2.00 0.00 0.75 0.00 14.76 133.75 2.00 0.00 0.75 0.00 

14.93 129.06 2.00 0.00 0.75 0.00 15.09 127.77 2.00 0.00 0.74 0.00 

15.26 132.22 2.00 0.00 0.74 0.00 15.42 138.42 2.00 0.00 0.74 0.00 

15.58 140.75 2.00 0.00 0.74 0.00 15.75 139.78 2.00 0.00 0.73 0.00 

15.91 138.74 2.00 0.00 0.73 0.00 16.08 138.05 2.00 0.00 0.73 0.00 

16.24 137.36 2.00 0.00 0.72 0.00 16.40 138.60 2.00 0.00 0.72 0.00 

16.57 143.48 2.00 0.00 0.72 0.00 16.73 146.06 2.00 0.00 0.72 0.00 

16.90 145.22 2.00 0.00 0.71 0.00 17.06 141.94 2.00 0.00 0.71 0.00 

17.22 139.81 2.00 0.00 0.71 0.00 17.39 137.72 2.00 0.00 0.71 0.00 

17.55 137.02 2.00 0.00 0.70 0.00 17.72 137.39 2.00 0.00 0.70 0.00 

17.88 136.19 2.00 0.00 0.70 0.00 18.04 135.45 2.00 0.00 0.69 0.00 

18.21 132.44 2.00 0.00 0.69 0.00 18.37 130.93 2.00 0.00 0.69 0.00 

18.54 124.17 2.00 0.00 0.69 0.00 18.70 118.78 2.00 0.00 0.68 0.00 

18.86 113.72 2.00 0.00 0.68 0.00 19.03 112.47 2.00 0.00 0.68 0.00 

19.19 112.04 2.00 0.00 0.67 0.00 19.36 117.35 2.00 0.00 0.67 0.00 

19.52 128.21 2.00 0.00 0.67 0.00 19.69 143.57 2.00 0.00 0.67 0.00 

19.85 153.43 2.00 0.00 0.66 0.00 20.01 160.71 2.00 0.00 0.66 0.00 

20.18 163.07 2.00 0.00 0.66 0.00 20.34 164.44 2.00 0.00 0.66 0.00 

20.51 162.92 2.00 0.00 0.65 0.00 20.67 161.17 2.00 0.00 0.65 0.00 

20.83 160.88 2.00 0.00 0.65 0.00 21.00 160.69 2.00 0.00 0.64 0.00 

21.16 158.54 2.00 0.00 0.64 0.00 21.33 151.78 2.00 0.00 0.64 0.00 

21.49 140.81 2.00 0.00 0.64 0.00 21.65 130.93 2.00 0.00 0.63 0.00 

21.82 126.27 2.00 0.00 0.63 0.00 21.98 126.66 2.00 0.00 0.63 0.00 

22.15 126.16 2.00 0.00 0.62 0.00 22.31 126.33 2.00 0.00 0.62 0.00 

22.47 126.09 2.00 0.00 0.62 0.00 22.64 123.91 2.00 0.00 0.62 0.00 

22.80 121.99 2.00 0.00 0.61 0.00 22.97 126.99 2.00 0.00 0.61 0.00 

23.13 143.39 2.00 0.00 0.61 0.00 23.29 157.57 0.86 0.48 0.61 0.01 

23.46 167.32 1.00 0.33 0.60 0.01 23.62 165.76 0.98 0.33 0.60 0.01 
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:: Post-earthquake settlement due to soil liquefaction :: (continued) 

Depth Qrn,cs FS ev (%) DF Settlement Depth Q ln,cs FS ev (~1c) DF Settlement 
(ft) (in) (ft) (in ) 

23,79 159.66 0,89 0.47 0.60 O.Dl 23.95 14B.21 2.00 0.00 0.59 0.00 

24.11 135.94 2.00 0.00 0.59 0.00 24.28 120.B9 2.00 0.00 0.59 0.00 

24.44 113.50 2.00 0.00 0.59 0.00 24.61 115.23 2.00 0.00 0.5B 0.00 

24.77 123.04 2.00 0.00 0.5B 0.00 24.93 128.87 2.00 0.00 0.58 0.00 

25.10 131.54 2.00 0.00 0.57 0.00 25.26 130.14 2.00 0.00 0.57 0.00 

25.43 125. 79 2.00 0.00 0.57 0.00 25.59 121.98 2.00 0.00 0.57 0.00 

25.75 120.15 2.00 0.00 0.56 0.00 25.92 121.20 2.00 0.00 0.56 0.00 

26.0B 122.21 2.00 0.00 0.56 0.00 26.25 122.93 2.00 0.00 0.56 0.00 

26.41 122.83 2.00 0.00 0.55 0.00 26.57 122.65 2.00 0.00 0.55 0.00 

26.74 123.77 2.00 0.00 0.55 0.00 26.90 123.52 2.00 0.00 0.54 0.00 

27.07 122.85 2.00 0.00 0.54 0.00 27.23 120.78 2.00 0.00 0.54 0.00 

27.40 120.44 2.00 0.00 0.54 0.00 27.56 120.16 2.00 0.00 0.53 0.00 

27.72 118.94 2.00 0.00 0.53 0.00 27.B9 119.67 2.00 0.00 0.53 0.00 

28.05 121.33 2.00 0.00 0.52 0.00 28.22 123.92 2.00 0.00 0.52 0.00 

28.3B 122.71 2.00 0.00 0.52 0.00 2B.54 119.B2 2.00 0.00 0.52 0.00 

28.71 115.02 2.00 0.00 0.51 0.00 28 .87 111.29 2.00 0.00 0.51 0.00 

29.04 109.61 2.00 0.00 0.51 0.00 29.20 112.15 2.00 0.00 0.51 0.00 

29.36 116.02 2.00 0.00 0.50 0.00 29 .53 122.43 2.00 0.00 0.50 0.00 

29.69 128.66 2.00 0.00 0.50 0.00 29.86 132.51 2.00 0.00 0.49 0.00 

30.02 133.32 2.00 0.00 0.49 0.00 30.18 133.01 2.00 0.00 0.49 0.00 

30.35 134.24 2.00 0.00 0.49 0.00 30.51 135.73 2.00 0.00 0.48 0.00 

30.68 134.98 2.00 0.00 0.48 0.00 30.84 133.52 2.00 0.00 0.48 0.00 

31.00 132.42 2.00 0.00 0.47 0.00 31.17 131.76 2.00 0.00 0.47 0.00 

31.33 131.41 2.00 0.00 0.47 0.00 31.50 130.79 2.00 0.00 0.47 0.00 

31.66 129.46 2.00 0.00 0.46 0.00 31.B2 127.40 2.00 0.00 0.46 0.00 

31.99 125.47 2.00 0.00 0.46 0.00 32.15 124.76 2.00 0.00 0.46 0.00 

32.32 123.94 2.00 0.00 0.45 0.00 32 .48 122.71 2.00 0.00 0.45 0.00 

32.64 121.40 2.00 0.00 0.45 0.00 32.81 120.70 2.00 0.00 0.44 0.00 

.)i...~/ iLU.37 L.UU u.uu U, '"t"t u.uu .).J,.l."1 .1£.U,JJ ,.uu u.uu U,11 u,uu 

33.30 119.72 2.00 0.00 0.44 0.00 33.46 119.43 2.00 0.00 0.43 0.00 

33.63 11B.76 2.00 0.00 0.43 0.00 33.79 117.66 2.00 0.00 0.43 0.00 

33.96 117.16 2.00 0.00 0.42 0.00 34.12 117.75 2.00 0.00 0.42 0.00 

34.28 120.54 2.00 0.00 0.42 0.00 34.45 119.94 2.00 0.00 0.42 0.00 

34.61 117.36 2.00 0.00 0.41 0.00 34.78 114.03 2.00 0.00 0.41 0.00 

34.94 115.06 2.00 0.00 0.41 0.00 35.10 117.56 2.00 0.00 0.41 0.00 

35.27 118.09 2.00 0.00 0.40 0.00 35.43 116.84 2.00 0.00 0.40 0.00 

35.60 115.80 2.00 0.00 0.40 0.00 35.76 116.35 2.00 0.00 0.39 0.00 

35.93 117.12 2.00 0.00 0.39 0.00 36.09 117.39 2.00 0.00 0.39 0.00 

36.25 117.58 2.00 0.00 0.39 0.00 36.42 11B.84 2.00 0.00 0.38 0.00 

36.58 119.93 2.00 0.00 0.3B 0.00 36.75 119.47 2.00 0.00 0.38 0.00 

36.91 116.76 2.00 0.00 0.37 0.00 37.07 113.06 2.00 0.00 0.37 0.00 

37.24 109.88 2.00 0.00 0.37 0.00 37.40 107.43 2.00 0.00 0.37 0.00 

37.57 106.75 2.00 0.00 0.36 0.00 37.73 106.32 2.00 0.00 0.36 0.00 

37.B9 106.17 2.00 0.00 0.36 0.00 3B.06 105.28 2.00 0.00 0.35 0.00 

38.22 104.58 2.00 0.00 0.35 0.00 3B.39 102.50 2.00 0.00 0.35 0.00 

38.55 98 .98 2.00 0.00 0.35 0.00 3B.71 94.70 2.00 0.00 0.34 0.00 

3B.88 90.90 2.00 0.00 0.34 0.00 39.04 B7.39 2.00 0.00 0.34 0.00 

39.21 84.59 2.00 0.00 0.34 0.00 39.37 82.78 2.00 0.00 0.33 0.00 
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:: Post-earthquake settlement due to soil liquefaction:: (continued) 

Depth Qtr,,cs FS e, (%) OF Settlement Depth Qtr, ,cs FS ev (%) OF Settlement 
(ft) (in) (ft) (In) 

39.53 84.00 2.00 0.00 0.33 0,00 39.70 87.03 2.00 0.00 0.33 0.00 

39.86 90.97 2,00 0.00 0.32 0.00 40.03 96.73 2,00 0.00 0.32 0,00 

40.19 105.29 2.00 0.00 0.32 0.00 40.35 115.76 2.00 0.00 0.32 0.00 

40.52 121.29 2.00 0.00 0.31 0.00 40.68 125.41 2.00 0.00 0.31 0.00 

40.85 123.12 2.00 0.00 0.31 0.00 41.01 117.19 2.00 0.00 0.30 0.00 

41.17 107.63 2.00 0.00 0.30 0.00 41.34 102.80 2.00 0.00 0.30 0.00 

41.50 99.33 2.00 0.00 0.30 0.00 41.67 95.42 2.00 0.00 0.29 0.00 

41.83 90.50 2.00 0.00 0.29 0.00 41.99 89.98 2.00 0,00 0,29 0.00 

42.16 88,92 2.00 0.00 0.29 0.00 42.32 83.52 2.00 0.00 0.28 0.00 

42.49 78.18 2.00 0.00 0,28 0,00 42.65 77,51 2.00 0.00 0.28 0,00 

42.81 82.85 2.00 0.00 0.27 0.00 42.98 88.58 2.00 0.00 0.27 0.00 

43.14 92.04 2.00 0.00 0.27 0.00 43.31 92.24 2.00 0.00 0.27 0.00 

43.47 90.25 2.00 0.00 0.26 0.00 43.64 86.84 2.00 0.00 0.26 0.00 

43.80 83.41 2.00 0.00 0.26 0.00 43.96 80.95 2.00 0.00 0.25 0.00 

44.13 78.49 2.00 0.00 0.25 0.00 44.29 76.67 2.00 0.00 0.25 0.00 

44.46 75.23 2.00 0.00 0.25 0.00 44.62 74.90 2.00 0.00 0.24 0.00 

44.78 74.57 2.00 0.00 0.24 0.00 44.95 73,31 2.00 0.00 0.24 0.00 

45.11 72.32 2.00 0.00 0.24 0.00 45.28 70,79 2.00 0.00 0.23 0,00 

45.44 69,68 2.00 0.00 0.23 0.00 45.60 67.68 2.00 0.00 0.23 0.00 

45.77 65.78 2.00 0.00 0.22 0.00 45.93 64.39 2.00 0.00 0.22 0.00 

46.10 63.45 2.00 0.00 0.22 0.00 46.26 63.10 2.00 0.00 0.22 0.00 

46.42 63.80 2.00 0.00 0.21 0.00 46.59 65.52 2.00 0.00 0.21 0.00 

46.75 67.21 2.00 0.00 0.21 0.00 46.92 67.86 2.00 0.00 0.20 0.00 

47.08 67.38 2.00 0.00 0.20 0.00 47.24 66.55 2.00 0.00 0.20 0.00 

47.41 66.19 2.00 0.00 0.20 0.00 47.57 66.07 2.00 0.00 0.19 0.00 

47.74 65.63 2.00 0.00 0.19 0.00 47.90 63.67 2.00 0.00 0.19 0.00 

48,06 60,77 2.00 0.00 0.19 0.00 4B.23 58.45 2.00 0,00 0.1B 0.00 

48.39 57.99 2.00 0.00 0.18 0.00 48.56 57,54 2.00 0.00 0,18 0.00 

4B.72 56.34 2.00 0.00 0.17 0.00 4B.BB 54.30 2.00 0.00 0.17 0.00 

49.05 55.00 2.00 0.00 0.17 0,00 49.21 55.85 2.00 0.00 0.17 0.00 

49.3B 55.75 2.00 0.00 0.16 0.00 49.54 53.84 2.00 0.00 0.16 0.00 

49.70 52.12 2.00 0.00 0.16 0.00 49.87 53.14 2.00 0.00 0.15 0.00 

50.03 54.80 2.00 0.00 0.15 0.00 

Total estimated settlement: 0.09 

Abbreviations 
Qtr,,cs: Equivalent clean sand normalized cone resistance 
FS: Factor of safety against liquefaction 
ev (%): Post-liquefaction volumentric strain 
DF: ev depth weighting factor 
Settlement: Calculated settlement 
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January 10, 2005 

Mr. Mike Collins 
ORMAT 
947 Dogwood Road 
Heber, CA 92249 

Dear Mr. Collins: 

LANDMARK 
Ceo-Engineers and Ceolog1sts 

a DBEIMBE/SBE Company 

Geotechnical Investigation 
New Turbine Generator and Cooling Tower 

Heber 2 Geothermal Plant 
Dogwood Road 

Heber, California 
LCI Report No. LE04354 (2) 

780 N, 4th Street 
El Centro, CA 92243 
1760) 370-3000 
(760) 337-8900 fax 

77-948 Wildcat Drive 
Palm Desert, CA 92211 
1760) 360-0665 
(760) 360-0521 fax 

This geotechnical report is provided for design and construction of the new turbine generator and 
cooling tower additions to the Ormat Heber 2 geothermal power plant located on Dogwood Road 
southwest of Heber, California. Our geotechnical investigation was conducted in response to your 
request for our services. The enclosed report describes our soil engineering investigation and 
presents our professional opinions regarding geotechnical conditions at the site to be considered in 
the design and construction of the project. 

This execm:ive summary presents seiecreti eiements ot our tm<1mgs an<1 recommendations only. It 
does not present crucial details needed for the proper application of our findings and 
recommendations. Our fmdings, recommendations, and application options are related only through 
reading the full report, and are best evaluated with the active participation of the engineer ofrecord 
who developed them. 

The findings of this study indicate that the site is predominantly underlain by clays of moderate 
expansion. 

The soil arc highly corrosive to metals and contain sufficient sulfates and chlorides to require special 
concrete mixes (4,500 psi with a 0.45 maximwn water cement ratio) and protection of embedded 
steel building components when concrete is placed in contact with native soil. If the native soils are 
replaced with imported granular soils with low sulfate and chloride content, no special concrete 
mixes are required. 

Evaluation of liquefaction potential at the site indicates that it is unlikely that the subsurface soil will 
liquefy under seismically induced groundshaking due to the nature of the soil ( clays soils 
predominate). No mitigation is required for liquefaction effects at this site. 



EEC ORIGINAL PKG

New Turbine Generator and Cooling Tower, Heber 2 Plant LCI Report No. LE04354 (2) 

Foundation settlements are indicated on figures 2 thru 5. Differential settlement is estimated to be 
about of two-thirds of total settlement. 

We did not encounter soil conditions that would preclude development of the site for its intended use 
provided the recommendations contained in this report are implemented in the design and 
construction of this project. 

We appreciate the opportunity to provide our findings and professional opinions regarding 
geotechnical conditions at the site. If you have any questions or comments regarding our findings, 
please call our office at (760) 370-3000. 

Respectfully Submitted, 
Landmark Consultants, L 

en K. Williams, CEG 
Senior Engineering Geologist 

~ ====:=;====,,,... 

Jef:fr . . o 
President 

Distribution: 
Client (4) 
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Section 1 
INTRODUCTION 

1.1 Project Description 

This report presents the findings of our geotechnical investigation for the proposed additions to the 
Orrnat Heber 2 geothermal power plant located on Dogwood Road southwest of Heber, California 
(See Vicinity Map, Plate A-1). The proposed development will consist of the addition of one (1) 
turbine/generator set and one (1) cooling tower. A site plan for the proposed power plant 
improvements was not made available to us at the time that this report was prepared. 

Small structures may be are planned for electrical control panels, consisting of masonry or panelized 
concrete construction. Expected footing loads are estimated at 1 to 2 kips per lineal foot for the 
small structures. Expected plant components, cooling tower and turbine/generator columns loads 
range from 5 to 400 kips. If structural loads exceed those stated above, we should be notified so we 
may evaluate their impact on foundation settlement and bearing capacity. Site development will 
include foundation support pad preparation and underground utility installation. 

1.2 Purpose and Scope of Work 

The purpose of this geotechnical study was to investigate the upper 50 feet of subsurface soil at 
selected locations within the site for physical/engineering properties. From the subsequent field and 
laboratory data, professional opinions were developed and are provided in this report regarding 
geotechnical conditions at this site and the effect on design and construction. The scope of our 
services consisted of the following: 

► Field exploration and in-situ testing of the site soils at selected locations and depths. 
► Laboratory testing for physical properties of selected samples. 
► A review of the available literature and publications pertaining to local geology, 

faulting, and seismicity. 

► Engineering analysis and evaluation of the data collected. 

► Preparation of this report presenting our findings, professional opinions, and 
recommendations for the geotechnical aspects of project design and construction. 

Landmark Consultants, Inc. Page 1 



EEC ORIGINAL PKG

New Turbine Generator and Cooling Tower, Heber 2 Plant LCI Report No. LE04354 (2) 

This report addresses the following geotechnical issues: 

► Subsmface soil and groundwater conditions 

► Site geology, regional faulting and seismicity, near source factors, and site seismic 

accelerations 

► Liquefaction potential and its mitigation 

► Expansive soil and methods of mitigation 

► Aggressive soil conditions to metals and concrete 

Professional opinions with regard to the above issues are presented for the following: 

► Site grading and earthwork 

► Foundation subgrade preparation 

► Allowable soil bearing pressures and expected settlements 

► Concrete slabs-on-grade 

► Mitigation of the potential effects of salt concentrations in native soil to concrete 

mixes and steel reinforcement 

► Seismic design parameters 

Our scope of work for this report did not include an evaluation of the site for the presence of 

environmentally hazardous materials or conditions. 

1.3 Authorization 

Mr. Mike Collins. Proiect Mana!!er of Onnat for Power neneratinn f'.nn~tnu~tinn nrnviilPil 
., J '--" - ------ --- - - --- -------~~ - - - ---- --- .... ----~- r- - .. ------

authorization by written agreement to proceed with our work on December 14, 2004. We conducted 

our work according to our written proposal dated December 13, 2004. 
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Section 2 
METHODS OF INVESTIGATION 

2.1 Field Exploration 

Subsurface exploration was performed on December 20, 2004 using Holguin, Fahan, & Associates, 

Inc. of Cypress, California to advance three (3) electric cone penetrometer (CPT) soundings to an 

approximate depth of 50 feet below existing ground surface. The soundings were made at the 

locations shown on the Site and Exploration Plan (Plate A-2). The approximate sounding locations 

were established in the field and plotted on the site map by sighting to discemable site features. 

CPT soundings provide a continuous profile of the soil stratigraphy with readings every 2.5cm (1 

inch) in depth. Direct sampling for visual and physical confirmation of soil properties has been used 

by our firm to establish direct correlations with CPT exploration in this geographical region. 

The CPT exploration was conducted by hydraulically advancing an instrumented Hogentogler 1 Ocm2 

conical probe into the ground at a rate of 2cm per second using a 23-ton truck as a reaction mass. An 
electronic data acquisition system recorded a nearly continuous log of the resistance of the soil 

against the cone tip (Qc) and soil friction against the cone sleeve (Fs) as the probe was advanced. 

Empirical relationships (Robertson and Campanella, 1989) were then applied to the data to give a 

continuous profile of the soil stratigraphy. Interpretation ofCPT data provides correlations for SPT 

blow count, phi (cj,) angle (soil friction angle), undrained shear strength (Su) of clays and over

consolidation ratio (OCR). These correlations may then be used to evaluate vertical and lateral soil 

bearing capacities and consolidation characteristics of the subsurface soil. 

Interpretive logs of the CPT soundings were produced and presented in final form after review of 

field and laboratory data and are presented on Plates B-1 through B-3 in Appendix B. A key to the 

interpretation of CPT soundings is presented on Plate B-4. The stratification lines shown on the 

subsurface logs represent the approximate boundaries between the various strata. However, the 

transition from one stratum to another may be gradual over some range of depth. 
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2.2 Laboratory Testing 

Laboratory tests were conducted on selected buJk soil samples obtained from hand auger borings 

made adjacent to the CPT locations to aid in classification and evaluation of selected engineering 

properties of the near surface soils. The tests were conducted in general conformance to the 

procedures of the American Society for Testing and Materials (ASTM) or other standardized 

methods as referenced below. The laboratory testing program consisted of the following tests: 

► Plasticity Index (ASTM D4318) - used for soil classification and expansive soil design 
criteria. 

► Chemical Analyses (soluble sulfates & chlorides, pH, and resistivity) (Caltrans Methods)-
used for concrete mix evaluations and corrosion protection requirements. 

The laboratory test results are presented on the subsurface logs (Appendix B) and on Plates C-1, C-2 

and C-3 in Appendix C. 

Engineering parameters of soil strength, compressibility and relative density utilized for developing 

design criteria provided within this report were either extrapolated from correlations with the 

subsurface CPT data or from data obtained from the field and laboratory testing program. 
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Section 3 
DISCUSSION 

3.1 Site Conditions 

LCI Report No. LE04354 (2) 

The plant additions are located in the northwest comer of the Heber 2 geothermal plant on the west 

side of the existing turbine generators and cooling tower. The area is relatively vacant and 

approximately has the same elevation as the existing plant facilities. An overhead pipe rack is 

located to the south side of the proposed location. 

Adjacent properties outside of the fenced operations yard consist of agricultural land to the north and 

west. The site is bounded on the east by Dogwood Road and headquarters facilities of a general 

engineering construction company lie to the south side. Dogwood Road is slated to be a 6-lane 

north-south arterial from Calexico to Brawley in Imperial County. Adjacent properties are flat-lying 

and are approximately at the same elevation with this site. 

The project site lies at an elevation of approximately 15 feet below mean sea level (MSL) (El. 985 

local datum) in the Imperial Valley region of the California low desert. The surrounding properties 

lie on terrain which is flat (planar), part of a large agricultural valley, which was previously an 

ancient lake bed covered with fresh water to an elevation of 43± feet above MSL. Annual rainfall in 

this arid region is less than 4 inches per year with four months of average swnmertime temperatures 

above 100 °F. Winter temperatures are mild, seldom reaching freezing. 

3.2 Geologic Setting 

The project site is located in the Imperial Valley portion of the Salton Trough physiographic 

province. The Salton Trough is a geologic structural depression resulting from large scale regional 

faulting. The trough is bounded on the northeast by the San Andreas Fault and Chocolate Mountains 

and the southwest by the Peninsular Range and faults of the San Jacinto Fault Zone. The Salton 

Trough represents the northward extension of the Gulf of California, containing both marine and 

non-marine sediments since the Miocene Epoch. Tectonic activity that formed the trough continues 

at a high rate as evidenced by deformed young sedimentary deposits and high levels of seismicity. 

Figure 1 shows the location of the site in relation to regional faults and physiographic features. 

Landmark Consultants, Inc. Page 5 



EEC ORIGINAL PKG

New Turbine Generator and Cooling Tower, Heber 2 Plant LCI Report No. LE04354 (2) 

The Imperial Valley is directly underlain by lacustrine deposits, which consist of interbedded 

lenticular and tabuJar silt, sand, and clay. The Late Pleistocene to Holocene lake deposits are 

probably less than 100 feet thick and derived from periodic flooding of the Colorado River which 

intermittently formed a fresh water lake (Lake Cahuilla). OJder deposits consist of Miocene to 

Pleistocene non-marine and marine sediments deposited during intrusions of the Gulf of California. 

Basement rock consisting of Mesozoic granite and Paleozoic metamorphic rocks are estimated to 

exist at depths between 15,000 - 20,000 feet. 

3.3 Seismicity and Faulting 

Faulting and Seismic Sources: We have performed a computer-aided search of known faults or 

seismic zones that lie within a 62 mile (100 kilometers) radius of the project site as shown on Figure 

1 and Table 1. The search identifies known faults within this distance and computes deterministic 

ground accelerations at the site based on the maximum credible earthquake expected on each of the 

faults and the distance from the fault to the site. The Maximum Magnitude Earthquake (Mmax) 

listed was taken from published geologic information available for each fault (CDMG OFR 96-08 

and Jennings, 1994). 

Seismic Risk: The project site is located in the seismically active Imperial Valley of southern 

· ly to b subj . . t rl to moder t to tr ng ground motion om 

earthquakes in the region. The proposed site structures should be designed in accordance with the 

California Building Code (CBC) for near source factors derived from a "Design Basis Earthquake' 

(DBE). The DBE is defined as the motion having a 10 percent probability of being exceeded in 50 

years. The DBE generally corresponds to the Mmax magnitude discussed here. 

Seismic Hazards. 

► Groundshaking. The primary seismic hazard at the project site is the potential for strong 

groundshaking during earthquakes along the Impcriol, Brawley, and Superstition Hills Faults. A 

further discussion of groundshaking follows in Section 3 .4. 

► Surface Rupture. The project site does not lie within a State of California, Alquist-Priolo 

Earthquake Fault Zone. Surface fault rupture is considered to be unlikely at the project site because 

of the well-delineated fault lines through the Imperial Valley as shown on USGS and CGS maps. 

However, because of the high tectonic activity and deep alluvium of the region, we cannot preclude 

the potential for surface rupture on undiscovered or new faults that may underlie the site. 
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Table 1 
FAULT PARAMETERS & DETERMINISTIC 

ESTIMATES OF PEAK GROUND ACCELERATION (PGA) 

Distance Maximum Avg 1 Avg Date of Largest Est 

Fault Name or (mi)& Fault Fault Magnll.ude Slip Return Last Historic Site 

Seismic Zone Direction Type Length Mmax Rate Period Rupture I Event PGA 

from Site (km) (Mw) (mm/yr) (yrs) (year) >5.5M (year) (g) 

Reference Notes: ( 1) I 1(2)/(3) (2) (4) I (3) l (3) (3) I (5) I (6) 
I 

Imperial Valley Faults 

II Imperial 7.0 NE A B 62 7.0 20 79 1979 7.0 1940 0.33 

Brawley 8.8 NNE B B 14 7.0 20 1979 5.8 1979 0.28 

Cerro Prieto 15 SSE A B 116 7.2 34 50 1980 7.1 1934 0.21 

Brawley Seismic Zone 16 N B B 42 6.4 25 24 5.9 1981 0.13 

East Highline Canal 23 NE C C 22 6.3 1 774 0.09 

San Jacinto Fault System 
B I A - Superstition Hills 8.5 NNW 22 6.6 4 250 1987 6.5 1987 0.23 

- Superstition Mtn. 15 NW B 1A 23 6.6 5 500 1440 +/- 0.16 

- Elmore Ranch 28 NW B I A 29 6.6 1 225 1987 5.9 1987 0.10 

- Borrego Mtn 34 NW B I A 29 6.6 4 175 6.5 1942 0.08 
- Anza Segment 51 NW 

AIA 
90 7.2 12 250 1918 6.8 1918 0.08 

- Coyote Creek 53 NW B A 40 6.8 4 175 1968 6.5 1968 0.07 
-Whole Zone 15 NW A A 245 7.5 0.25 
Elsinore Fault System 

- Laguna Salada 16 SW B B 67 7.0 3.5 336 7.0 1891 0.18 
- Coyote Segment 29 W B A 38 6.8 4 625 0.11 
- Julian Segment 55 WN [A A 75 7.1 5 340 0.08 
- Earthquake Valley 57 WNW B A 20 6.5 2 351 0.05 
-Whole Zone 29 w A A 250 Vi 0.15 

II 
San Andreas Fault System J A I •,,nn, , ,-,. .............. 1o..-11- \ '-"-·. AC: fll .. llAI nc: "PA 'lC ,.,,.,n ,::, C "'nAn I\ A I\ 

-'-"-.... 1 ,_111.4 W ~II\,,,' J .., t 'lilt,. If lll n , . i'VOV, , ... v.v ' V w. ,·w 

- Whole S. Calif. Zone 45 NNW A A 458 7.9 1857 7.8 1857 0.13 
Algodones 36 E C C 74 7.0 0.1 20,000 0.10 

Notes: 

1. Jennings (1994) and CDMG (1996) 
2. CDMG (1996), where Type A faults -- slip rate >5 mm/yr and well constrained paleoseismic data 

Type B faults -- all other faults. 

3. WGCEP (1995) 
4. CDMG (1996) based on Wells & Coppersmith (1994) 
5. Ellsworth Catalog in USGS PP 1515 (1990) and USBR (1976), Mw"' moment magnitude, 

6. The deterministic estimates of the Site PGA are based on the attenuation relationship of: 

Boore, Joyner, Furna! (1997) 
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► Liquefaction. Liquefaction is unlikely to be a potential hazard at the site due to the lack of 

saturated granular soil (clay soils predominate). 

Other Secondary Hazards. 

► Landsliding. The hazard of landsliding is unlikely due to the regional planar topography. No 

ancient landslides are shown on geologic maps of the region and no indications oflandslides were 

observed during our site investigation. 

► Volcanic hazards. The site is not located in proximity to any known volcanically active area and 

the risk of volcanic hazards is considered very low. 

► Tsunamis, sieches, and flooding. The site does not lie near any large bodies of water, so the 

threat of tsunami, sieches, or other seismically-induced flooding is unlikely. 

► Expansive soil. In general, much of the near surface soils in the Imperial Valley consist of silty 

clays and clays which are moderate to highly expansive. The expansive soil conditions are discussed 

in more detail in Section 3 .5. 

3.4 Site Acceleration and UBC Seismic Coefficients 

Deterministic horizontal peak ground accelerations (PGA) from maximum probable earthquakes on 

regional faults have been estimated and are included in Table 1. Ground motions are dependent 

primarily on the earthquake magnitude and distance to the seismogenic (rupture) zone. 

Accelerations also are dependent upon attenuation by rock and soil deposits, direction of rupture and 

type of fault; therefore, ground motions may vary considerably in the same general area. 

We have used the computer program FRISKSP (Blake, 2000) to provide a probabilistic estimate of 

the site PGA using the attenuation relationship of Boore, Joyner, and Fumal (1997) Soil (250). The 

PGA estimate for the project site having a 10% probability of being exceeded in 50 years (return 

period of 475 years) is 0.60g. 

CBC Seismic Coefficients: The CBC seismic coefficients are roughly based on an earthquake 

ground motion that has a 10% probability of being exceeded in 50 years. The following table lists 
seismic and site coefficients (near source factors) determined by Chapter 16 of the 2001 CBC. Thi.s 

site lies within 11.3 km of a Type A fault overlying S0 (stiff) soil. 
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CB(; Seismic Coefficients for Chapter 16 Seismic Provisions 

Seismic Distance to Near Source Factors Seismic Coefficients 

CBC Code Soil Profile 
Edition Type 

Source Critical 
Type Source Na Nv Ca Cv 

2001 
So A <11.3km 1.00 1.15 0.44 0.74 

(stiff soil) 

Ref. Table 16-J 16-U --- 16-S 16-T 16-Q 16-R 

3.5 Subsurface Soil 

Subsurface soils encountered during the field exploration conducted on December 20, 2004 indicates 

that 1.0 to 1.5 feet of stiff clay are at ground surface. Dense to very dense silty sands lie below the 

clays and extend to a depth of 4 to S feet. Stiff to very stiff clays extend a depth of 50 feet, the 

maximnm depth of exploration. The subsurface logs (Plates B-1 through 8-3) depict the 

stratigraphic relationships of the various soil types. 

The native surface clays exhibit moderate swell potential (Expansion Index, EI = 51 - 90) when 

correlated to Plasticity index tests (ASTM D4 318) performed on the native clays. The clay is 

expansive when wetted and can shrink with moisture loss (drying). Development of building 

foundations, concrete flatwork, and asphaltic concrete pavements should include provisions for 

mitigating potential swelling forces and reduction in soil strength which can occur from satlll'ation 

of the soil. Causes for soil saturation include landscape irrigation, broken utility lines, or capillary 

rise in moisture upon sealing the ground surface to evaporation. Moisture iosses can occur with iack 

of landscape watering, close proximity of structures to downslopes and root system moisture 

extraction from deep rooted shrubs and trees placed near the foundations. Typical measures used for 

industrial projects to remediate expansive soil incJude: 

► replacement of silt/day with non-expansive granular fill, 

► moisture conditioning subgrade soils to a minimum of 5% above optimum moisture 

(ASTM D1557) for the full range in depth of surface soils. 

► design of foundations that are resistant to shrink/swell forces of silt/clay soil. 
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3.6 Groundwater 

Groundwater was not noted on the CPT sounding at the time of exploration, but is typically 

encountered at approximately 10 to 15 feet below ground surface in the vicinity of the site. There is 

uncertainty in the accuracy of short-term water level measurements, particularly in fine-grained soil. 

Groundwater levels may fluctuate with precipitation, irrigation of adjacent properties, drainage, and 

site grading. The referenced groundwater level should not be interpreted to represent an accurate or 

permanent condition. 

3. 7 Liquefaction 

Liquefaction occurs when granular soil below the water table is subjected to vibratory motions, such 

as produced by earthquakes. With strong ground shaking, an increase in pore water pressure 

develops as the soil tends to reduce in volume. If the increase in pore water pressure is sufficient to 

reduce the vertical effective stress (suspending the soil particles in water), the soil strength decreases 

and the soil behaves as a liquid (similar to quicksand). Liquefaction can produce excessive 

settlement, ground rupture, lateral spreading, or failure of shallow bearing foundations. 

Four conditions are generally required for liquefaction to occur: 

(1) the soil must be saturated (relatively shallow groundwater); 

(2) the soil must be loosely packed (low to medium relative density); 

(3) the soil must be relatively cohesionless (not clayey); and 

( 4) groundshaking of sufficient intensity must occur to function as a trigger mechanism. 

All of these conditions exist to some degree at this site. 
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Methods of Analysis: Liquefaction potential at the project site was evaluated using the 1997 

NCEER Liquefaction Workshop methods that are based on the Seed et. al. 1985 and Robertson and 

Campanella (1985) methods. The 1997 NC ER methods utilize direct SPT blow counts or CPT 

cone readings from site exploration and earthquake magnitude/PGA estimates from the seismic 

hazard analysis. The resistance to liquefaction is plotted on a chart of cyclic shear stress rat:to (CSR) 

versus a corrected blow cowit N 1c60) or Qc1N. A ground acceleration of 0.60g was used in the 

analysis with a 12 foot groundwater depth. 

Liquefaction induced settlements have been estimated using the 1987 Tokimatsu and Seed method. 

Fines content of liquefiable sands and silt increase the liquefaction resistance in that more cycles of 

ground motions are required to fully develop pore pressures. The SPT blow coW1ts were adjusted to 

an equivalent clean sand blow coW1t, N 1(60) prior to calculating settlements using Robertson and 

Wride (1997) adjustments. A computed factor of safety less than 1.0 indicates a liquefiable 

condition. 

Liquefaction Effects: Based on empirical relationships, liquefaction is not expected to occur at the 

project site. 
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Section 4 
RECOMMENDATIONS 

4.1 Site Preparation 

LCI Report No. LE04354 (2) 

Cleari.ng and Grubbing: All surface improvements, debris or vegetation including grass and weeds 

on the site at the time of construction should be removed from the construction area. Organic 

strippings should be hauled from the site and not used as fill. Any trash, construction debris, 

concrete slabs, old pavement, landfill, and buried obstructions such as old foundations and utility 

lines exposed during rough grading should be traced to the limits of the foreign material by the 

grading contractor and removed under our supervision. Any excavations resulting from site clearing 

should be dish-shaped to the lowest depth of disturbance and backfilled under observation by the 

geotechnical engineer's representative with compacted fill as described below. 

Structure Subgrade Preparation: The exposed surface soil within the foundation areas should be 

removed to 12 inches below the foundation elevation or existing grade (whichever is lower). 

Exposed subgrade should be scarified to a depth of 8 inches, unifomtly moisture conditioned to 3 to 

8% above optimum moisture content (clays) or Oto 4% above optimum (silts), and recompacted to at 

least 90% of the maximum density determined in accordance with ASTM D1557 methods. 

The native soil is suitable for use as engineered fill provided it is free from concentrations of organic 

matter or other deleterious material. The fill soil should be uniformly moisture conditioned by 

discing and watering to the limits specified above, placed in maximum 8-inch lifts (loose), and 

compacted to the limits specified above. 

Imported fill soil (if required) should have a Plasticity Index less than 15 and sulfates (SO4) less than 

1,000 ppm or non-expansive, granular soil meeting the USCS classifications of SM, SP-SM, or SW

SM with a maximum rock size of 3 inches and 5 to 35% passing the No. 200 sieve. The 

geotechnical engineer should approve imported fill soil sources before hauling material to the site. 

Imported granular fill should be placed in lifts no greater than 8 inches in loose thickness and 

compacted to at least 90% of ASTM D1557 maximum dry density at optimum moisture ±2%. 
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In areas other than the structures pad which are to receive area concrete slabs, the ground surface 

hould be pre aturatcd to a minimum depth of 18 inches and then scarjfied to 6 inches, moisture 

conditioned to a minimum of 5% over optimum, and recompacted to 83-87% of ASTM D1557 

maximum density just prior to concrete placement. 

Trench Backfill: On-site soil free of debris, vegetation, and other deleterious matter may be suitable 

for use as utility trench backfill, but may be difficult to uniformly maintain at specified moistures and 

compact to the specified densities. Granular material is often more cost effective for backfill of 

utility trenches. 

Backfill soil within roadways or traffic areas should be placed in layers not more that 6 inches in 

thickness and mechanically compacted to a minimum of87% of the ASTM D1557 maximwn dry 

density except for the top 12 inches of the trench which shall be compacted to at least 90%. Native 

backfill should only be placed and compacted after encapsulating buried pipes with suitable bedding 

and pipe envelope material. Pipe envelope/bedding should either be clean sand (Sand Equivalent 

SE> 30) or crushed rock when encountering groundwater. A geotextile filter fabric (Mirafi 140N or 

equivalent) should be used to encapsulate the crushed rock when placed below groundwater to 

reduce the potential for in-washing of fines into the gravel void space. Precautions should be taken 

in the compaction of the backfill to avoid damage to the pipes and structures. 

Observation and Density Testing: All site preparation and fill placement should be continuously 

observed and tested by a representative of a qualified geotechnical engineering firm. Full-time 

observation services during the excavation and scarification process is necessary to detect 

undesirable materials or conditions and soft areas that may be encountered in the construction area. 

The geotechnical firm that provides observation and testing during construction shall assume the 

responsibility of "geotechnical engineer of record'' and, as such, shall perform additional tests and 

investigation as necessary to satisfy themselves as to the site conditions and the recommendations for 

site development. 

Auxiliary Structures Foundation Preparation: Auxiliary structures such as free standing or retaining 

walls should have the existing soil beneath the structure foundation prepared in the manner 

recommended for the building pad except the preparation needed only to extend 12 inches below and 

beyond the footing. 
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4.2 Foundations and Settlements 

Shallow spread footings and continuous wall footings are suitable to support the structures associated 

with the turbine generator and cooling tower. Footings shall be founded on a layer of properly 

prepared and compacted soil as described in Section 4.1. The foundations may be designed using an 

allowable soil bearing pressure of 1,500 psf for compacted native clay soil and 2,000 psf when 

foundations are supported on imported sands ( extending a minimum of 1.0 feet below footings). The 

allowable soil pressure may be increased by 20% for each foot of embedment depth in excess of 18 

inches and by one-third for short term loads induced by winds or seismic events. The maximum 

allowable soil pressure at increased embedment depths shall not exceed 3,000 psf (clays). 

Settlements associated with variable loadings and structure/footing sizes are shown on figures 2 thru 

5. As an alternative to shallow spread foundations, flat plate structural mats or grade-beam 

reinforced foundations may be used to mitigate expansive soil heave. 

Flat Plate Structural Mats: Structural mats may be designed for a modulus of subgrade reaction (Ks) 

of 100 pci when placed on compacted clay or a sub grade modulus of 250 pci when placed on 2.5 feet 

of granular fill. Mats shall overlay 2 inches of sand and a I 0-mil polyethylene vapor retarder. The 

structure support pad shall be moisture conditioned and recompacted as specified in Section 4.1 of 

this report. 

All exterior and interior foundations should be embedded a minimum of 18 inches below the 

structure support pad or lowest adjacent final grade, whichever is deeper. Continuous wall footings 

should have a minimum width of 12 inches. Spread footings should have a minimum width of 24 

inches. Recommended concrete reinforcement and sizing for all footings should be provided by the 

structural engineer. 

Resistance to horizontal loads will be developed by passive earth pressure on the sides of footings or 

grade beams and frictional resistance developed along the bases of footings or grade beams and 

concrete slabs. Passive resistance to lateral earth pressure may be calculated using an equivalent 

fluid pressure of 250 pcf (300 pcf for sands) to resist lateral loadings. The top one foot of 

embedment should not be considered in computing passive resistance unless the adjacent area is 

confined by a slab or pavement. An allowable friction coefficient of 0.25 (0.35 for sands) may also 

be used at the base of the footings or grade beams to resist lateral loading. 
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Total foundation movements under estimated loadings are shown on the load/settlement curves 

(Figure 2 thru 5). Differential movement is estimated to be about two-thirds of total movement 

4.3 Slabs-On-Grade 

Thin concrete slabs and flatwork ( 6 inches or less in thickness) placed over native clay soil should be 

designed in accordance with Chapter 18, Division III of the 2001 CBC (using an Effective Plasticity 

Index of 17) and shall be a minimum of 5 inches thick due to expansive soil conditions. Concrete 

floor slabs shall be monolithical)y placed with the foundations unless placed on 2.5 feet of granular 

fill or lime treated soil. 

The concrete slabs should be underlain by a minimum of 4 inches of clean sand (Sand Equivalent 

SE> 3 0) or aggregate base or may be placed directly on a 2.5-foot thick granular fill pad (if used) that 

has been moistened to approximately optimum moisture j ust before the concrete placement. A 10-

mil visqueen vapor retarder, properly lapped and sealed with a 2-inch sand cover and extended a 

minimum of 12 inches into the footing, should be placed as a capillary break to prevent moisture 

migration into the slab section. Concrete slabs may be placed directly over a 15-rnil vapor retarder if 

desired (Stego-Wrap or equivalent). 

Concrete slab and flatwork reinforcement should consist of chaired rebar slab reinforcement 

(minimum of No. 4 bars at 18-inch centers, both horizontal directions) placed at slab mid-height to 

resist potential swel1 forces and cracking. Slab thickness and steel reinforcement are minimums only 

and should be verified by the structural engineer/designer knowing the actual project loadings. All 

steel components of the foundation system should be protected from corrosion by maintaining a 4-

inch minimum concrete cover of densely consolidated concrete at footings (by use of a vibrator). 

The construction joint between the foundation and any mowstrips/sidewalks placed adjacent to 

foundations should be sealed with o. polyurethane based non·hllI'dening sealant to prevent moisture 

migration between the joint. Epoxy coated embedded steel components or permanent waterprQofing 

membranes placed at the exterior footing sidewall may also be used to mitigate the corrosion 

potential of concrete placed in contact with native soil. 
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Control joints should be provided in all concrete slabs-on-grade at a maximum spacing (in feet) of2 

to 3 times the slab thickness (in inches) as recommended by American Concrete Institute (ACI) 

guidelines. All joints should form approximately square patterns to reduce randomly oriented 

contraction cracks. Contraction joints in the slabs should be tooled at the time of the pour or sawcut 

(¼ of slab depth) within 6 to 8 hours of concrete placement. Construction ( cold) joints in 

foundations and area flatwork should either be thickened butt-joints with dowels or a thickened 

keyed-joint designed to resist vertical deflection at the joint. All joints in flatwork should be sealed 

to prevent moisture, vermin, or foreign material intrusion. Precautions should be taken to prevent 

curling of slabs in this arid desert region (refer to ACI guidelines). 

All independent flatwork (sidewalks, housekeeping slabs) should be placed on a minimum of 2 

inches of concrete sand or aggregate base, dowelled to the perimeter foundations where adjacent to 

the structures and sloped 1 % or more away from the structure. A minimwn of 18 inches of moisture 

conditioned (3% minimum above optimum) and 8 inches of compacted subgrade (83 to 87%) and a 

10-mil (minimum) polyethylene separation sheet should underlie the flatwork. All flatwork should 

be jointed in square patterns and at irregularities in shape at a maximum spacing of 10 feet or the 

least width of the sidewalk. 

4.4 Concrete Mixes and Corrosivity 

Selected chemical analyses for corrosivity were conducted on bulk samples of the near surface soil 

from the project site (Plates C-2 and C-3). The native soils were found to have moderate to severe 

levels of sulfate ion concentration (1,052 to 3,006 ppm). Sulfate ions in high concentrations can 

attack the cementitious material in concrete, causing weakening of the cement matrix and eventual 

deterioration by raveling. The California Building Code recommends that increased quantities of 

Type II Portland Cement be used at a low water/cement ratio when concrete is subjected to moderate 

sulfate concentrations. Type V Portland Cement and/or Type 11/V cement with 25% flyash 

replacement is recommended when the concrete is subjected to soil with severe sulfate concentration. 

A minimum of 6.25 sacks per cubic yard of concrete (4,500 psi) of Type V Portland Cement with a 

maximum water/cement ratio of 0.45 (by weight) should be used for concrete placed in contact with 

native soil on this project. Admixtures may be required to allow placement of this low water/cement 

ratio concrete. 
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There are no special requirements for concrete mixes when foundations are placed on 2.5 feet oflow 

sulfate content granular fill . 

The native soil has moderate to very severe level of chloritl~ iuu concentration (210 to 3,0,10 ppm). 

Chloride ions can cause corrosion of reinforcing steel, anchor bolts and other buried metallic 

conduits. Resistivity detenninations on the soil indicate very severe potential for metal loss because 

of electrochemical corrosion processes. Mitigation of the corrosion of steel can be achieved by using 

steel pipes coated with epoxy corrosion inhibitors, asphaltic and epoxy coatings, cathodic protection 

or by encapsulating the portion of the pipe lying above groundwater with a minimum of 4 inches of 

densely consolidated concrete. No metallic pipes or conduits should be placed below foundations. 

Foundation designs shall provide a minimum concrete cover of four (4 inches around steel 

reinforcing or embedded components (anchor bolts, hold-downs, etc.) exposed to native soil or 

landscape water (to 18 inches above grade). If the 4-inch concrete edge distance cannot be achieved, 

all embedded steel components (anchor bolts, hold-downs, etc.) shall be epoxy dipped for corrosion 

protection or a corrosion inhibitor and a pennanent waterproofing membrane shall be placed along 

the exterior face of the exterior footings. Additionally, the concrete should be thoroughly vibrated at 

footings dwing placement to decrease the permeability of the concrete. 

4.5 .l!:xcavations 

All site excavations should confonn to CalOSHA requirements for Type B soil. The contractor is 

solely responsible for the safety of workers entering trenches. Temporary excavations with depths of 

4 feet or less may be cut nearly vertical for short duration. Excavations deeper than 4 feet will 

require shoring or slope inclinations in conformance to CAL/OSHA regulations for Type B soil. 

Surcharge loads of stockpil~d soil or construction matcrinls should be set back from the top of the 

slope a minimum distance equal to the height of the slope. All permanent slopes should not be 

steeper than 3: 1 to reduce wind and rain erosion. Protected slopes with ground cover may be as steep 

as 2: 1. However, maintenance with motorized equipment may not be possible at this inclination. 
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4.6 Seismic Design 

This site is located in the seismically active southern California area and the site structures are 

subject to strong ground shaking due to potential fault movements along the Brawley, Superstition 

Hills, and Imperial Faults. Engineered design and earthquake-resistant construction are the common 

solutions to increase safety and development of seismic areas. Designs should comply with the latest 

edition of the CBC for Seismic Zone 4 using the seismic coefficients given in Section 3.4 of this 

report. This site lies within 11.3 km of a Type A fault overlying SD (stiff) soil. 
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Section 5 
LIMITATIONS AND ADDITJONALSERVICES 

5.1 Limitations 

The recommendations and conclusions within this report are based on current information regarding 

the proposed additions to the Ormat Heber 2 geothermal power plant located on Dogwood Road 

southwest of Heber, California. The conclusions and recommendations of this report are invalid if: 

► Structural loads change from those stated or the structures are relocated. 

► The Additional Services section of this report is not followed. 

► This report is used for adjacent or other property. 

► Changes of grade or groundwater occur between the issuance of this report and 

construction other than those anticipated in this report. 

► Any other change that materially alters the project from that proposed at the time this 

report was prepared. 

Findings and recommendations in this report are based on selected points of field exploration, 

geologic literature, laboratory testing, and our understanding of the proposed project. Our analysis of 

data and recommendations presented herein are based on the assumption that soil conditions do not 

vary significantly from those found at specific exploratory locations. Variations in soil conditions 

can exist between and beyond the exploration -poin s or growidwater eievations y ch g . If 

This report contains information that may be use/ ul in the preparation of contract specifications. 

However, the report is not worded is such a manner that we recommend its use as a construction 

specification document without proper modification. The use of information contained in this 

report/or bidding purposes should be done at the contractor's option and risk. 

This report was prepared accur<liug to the generally accepted geotechnica/ engineering standards of 

p1·actice tbat existed in Imperial County at the time the report was prepared. No express or implied 

warranties are made in connection with our services. This report should be considered invalid for 

periods after two years from the report date without a review of the validity of the findings and 

recommendations by our firm, because of potential changes in the Geotechnical Engineering 

Standards of Practice. 
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102 SOIL SURVEY 

TABLE 11.--ENGINEERING INDEX PROPERTIES 

[The symbol> means more than . Absence of an entry indicates that data w~re not estimated] 
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TABLE 11,--ENGINEERING INDEX .PROPERTIES~-Continued 

Soil name and 
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I I I I I 
I I I I I 
l 100 195-100 :75-85 155-65 I 
195-1001B5-95 170-BO 155-65 I 
: I I I, 
I I 

4 0-65 
40-65 
25-35 

40-50 
50-70 

20-35 
20-35 
NP-10 

10-20 
25-45 

50-70 2.5~45 
50-70 25-45 

50-70 25-45 
50-70 25-45 

50-70 25-45 
50-70 25-45 

40-50 
50-70 

35-45 
35-45 

40-50 
50-70 

35-45 
35-45 

20-30 
20-30 

20-30 
20-30 

20-30 
15-25 

15-25 
15-25 

10-20 
25-45 

15-25 
15-30 

NP-5 
N P-5 

NP-5 
NP-5 

NP 
NP 

NP-10 
NP-10 
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:r 
l
a. 
w 

" 

10 

20 

30 

40 

50 

CLIENT: ORMAT CONE PENETROMETER: HOLGUIN, FA HAN & ASSC. Truck fviou1,ted Electric 

PROJECT: ORMAT Heber 2 Facilities, Heber, CA Cone with 2:, ton re,action weight 

INTERPRETED SOIL PROFILE 
From Robertson & Campanella ( 1989) 

GHOllN□ l;l •I· 
I '!I~ "LICII ,, 1L 

_ Sa!:!![y ?ill lo Clayey Silt ML \l!)(Y.\!.~!l~.!L-
Siliy Sand lo Sandy Silt SM/ML very dense 

S.11 S!t1\~ 10 San&.§ill_ very danso 
Silly Clay lo Clay CL stiff 

Silty Clay lo Clay " ' stiff 

Clay CUCH stiff 

Clay stiff 

Clay 

Clay 

Clay 

Silly Clay to Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

" . 
CL 

CUCH 

" ► 

.. . 

stiff 

very stiff 

very stiff 

verysliff 

slitt 

stiff 

very sliff 

very stiff 

very sliff 

very sliff 

very stiff 

very stiff 

slill 

very sliff 

very stiff 

verysliff 

very stiH 

very stiff 

very sliff 

very stiff 

very stiff 

very sliff 

very sliff 

vary sufi 

very slifr 

stiff 

still 

very stiff 

Clay very stiff 

Cla· SIil Ill SJlly c~ MUCL vo~, sun 
. SIiiy C:la~ to Clay CL sliff 

Clayey Silt to Silty Clay MUCL sliff 

Clayey Slit to Silly Clay sliff 

Clayey Sill to Silly Clay slitt 

Clayey Silt to Silty Clay very stiff 

Clayey Silt to Silty Clay very stiff 

Clayey Sill to Silty Clay very stiff 

10 • 

30 

Clayey Sill lo Silty~- • -· -~s~liff ___ _ 

Sandy Silt to Clayey Si lt ML very loose 

~Y. sru ~.9.n c s111 • • vo, roo,o 
~ • Slit tu Sdl CJ•r. Ml/CL ~11r1 

50 

End of Sounding @ 49 5 ft , 

LOG 

100 

r--

OF CONE 

TIP RESISTANCE 
Qc(ts!) 

200 ;JOU 

j 

DATE: 12/20/04 

SOUNDING DATA CPT-1 

400 O 

SLEEVE FRICTION 
Fs (Isl) 

2 s 

Ff!ICTION RATIO 
F-R == F s/Qc (%} 

8 0 2 4 6 

-_ - [ f 
) '-- ,->) 
f I_ -t-JSt 

D 

- -i---1-- --

j 

J_ 
I 

Project No: LANDMARK Plate 
8-1 LE04354 .,Geo-Engfneers and ,G_eologistsJ 

~ DBE!MBE/SBE Company 
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Base Base 

Depth Depth 

mo ors o 

0.15 0,5 
0,30 1.0 
0.45 1.5 
0.60 2.0 
0.75 2,5 

0.93 3.0 
1.08 3.5 
1.23 4.0 
1.38 4,5 
1.53 5,0 

1.68 5,5 
1.83 6,0 
1.98 6 .5 
2.13 7.0 
2.28 7.5 
2.45 8 .0 

2.60 8.5 
2.75 9,0 
2.90 9.5 
3.05 10.0 
3.20 10,5 
3.35 11.0 
3,50 11,5 
3.65 12,0 
3.80 12,5 
3.95 13,0 

4.13 13.5 
4.28 M.O 
4.43 14.5 
4.58 15.0 
4.73 15.5 
4.88 16.0 
5.03 16.5 
5.18 17.0 
5,33 17.5 
5.48 18.0 
5.65 18.5 
5.80 19,0 
5.95 19.5 
6,10 20.0 
6.25 20.5 
6.40 21.0 
6,55 21.5 
6,70 22,0 

6.85 22.5 
7,00 23.0 
7.18 23,5 

7.33 24.0 
7.48 24.5 
7.63 25.0 
7.78 25,5 

7.93 26.0 
8.08 26.5 

8.23 27.0 
8.38 27.5 
8.53 28.0 
8,68 28,5 
8.85 29.0 
9.00 29,5 
9.15 30.0 

LANDMARK CONSULTANTS, INC. 

CONE PENETRDMETER INTERPRETATION (based on Robertson & Campanella, 1989, refer to Key to CPT logs) 

Avg 
Tip 

31,82 

71.19 
76.38 
88.21 
94 .19 

101.94 
123.24 
53,93 

16.43 
15.53 
13.99 
10.16 
10.41 
11.62 
13,29 
14.55 
13.90 
13.23 
13.66 
26 ,88 
21.69 
19.84 
21.31 

18.97 
16,82 

18.18 
17.33 
17.04 
21.21 
19.96 
23.41 
20.50 
21,94 
19.22 
27,57 

23.29 
20.85 

21.33 
21,97 
21.34 

15.48 
15.87 
26.53 
27,19 

29.12 
24.40 

29.74 
31.24 
31.71 
28,38 
25 .50 

21.23 
19.41 
21 10 
20.13 
19.23 
20.08 
20.55 
20,76 

22 .80 

·acllllles..l:lel.Hlt. ~Qj~Q~j,, ~a& " Q e:....12/20lM,, . 
1 

Phi Cllrrclol19.ffi..__Q_ Jt,.lirJ1'1~10l l•R&C((!'I g,fl.fl(7jj 
Avg 

Friclion 

R.\lo ¾ 

10.13 3 
3.50 6 
3.27 6 
2.88 6 
2,53 7 

2.35 7 
1.66 8 
2,99 6 

4.19 3 
3,80 4 

3.48 4 
2.42 5 
3.55 4 

4.38 3 
4.44 3 

4.93 3 
4.96 3 

4.08 3 
4.68 3 
5 00 3 
5.01 3 
4.85 3 

4.45 4 
4.00 4 
3.88 4 
4.91 3 

5,43 3 

5.46 3 
5.45 3 
5 21 3 
4.80 3 

5.51 3 
5.88 3 
5.48 3 
5.03 3 
5.22 3 
6.67 3 
6.77 3 
6.29 3 
7.09 3 

5,72 3 
5.20 3 
5.79 3 
6.21 3 
6.18 3 

7.41 3 

7.65 3 
7.01 3 
6.74 3 
5.36 3 

5.79 3 

6.01 3 

6.26 3 

6.12 3 

6.30 3 
5.66 3 
5,65 3 

5,67 3 
7.00 3 
6.88 3 

Soll 

I!!' 

3 

6 
6 

6 
7 

7 

8 
6 
3 
4 
4 
5 
4 
3 

3 
3 

3 
3 
3 

3 
3 

3 
4 
4 
4 
3 

3 
3 
3 

3 

3 
3 

3 
3 
3 

3 

3 

3 
3 
3 
3 
3 

3 
3 

3 
3 
3 
3 
3 

3 

3 

3 
3 
3 

3 

3 

3 

3 
3 
3 

Clay 

Soll 

Cla.s.~llk;ollon 

Sandy Silt to Clayey Sill 

Sandy SIil to Clayey Silt 

Sandy Sill to Clayey Silt 

Silly Sand to Sandy Sill 

SIity Sand to Sandy Sill 

Sand to Silty Sand 

Sandy Silt to Clayey Silt 

Clay 

Silly Clay to Clay 

Silly Clay to Clay 

Clayey Silt to Silly Clay 

Silty Clay to Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Silly Clay to Clay 

Silty Clay to Clay 

Silly Clay to Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

use 

CL/CH 

ML 

ML 

ML 

SM/ML 

SM/ML 

SP/SM 

ML 

CL/CH 

CL 

CL 

ML/CL 

CL 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL 

CL 

CL 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CUCH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

Density or 

Co!llilsluncy 

very stiff 

very dense 

very dense 

very dense 

very dense 

very dense 

very dense 

dense 

stiff 

stiff 

stiff 

stiff 

stiff 

stiff 

stiff 

stiff 

stiff 

stiff 

stiff 

very stiff 

very stiff 

very stiff 

very sliff 

very stiff 

stiff 

very stiff 

stiff 

stiff 

very stiff 

very stiff 

very stiff 

very stiff 

very stiff 

very sliff 

very stiff 

very stiff 

very stiff 

very stiff 

very stiff 

very stiff 

stiff 

stiff 

very stiff 

very stiff 

very stiff 

very stiff 

very stiff 

very stiff 

very stiff 

very stiff 

very stiff 

very stiff 

very stiff 

very stiff 

very stiff 

very stiff 

very slirf 

very stiff 

very stiff 

very stiff 

Esl. Qc Cn Est. Rel. Nk: 17 .O 
Density to SPT or 

{lt.11. N 60 C_q 

125 

115 
115 
115 
115 
115 
115 
115 
125 
125 
125 
120 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 

125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 

125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 

1.3 25 2.00 
3.5 20 2.00 
3.5 22 2.00 
3,5 25 2.00 
4.5 21 2.00 
4.5 23 2.00 
5,5 22 2.00 
3,5 15 2.00 

1.3 13 2.00 
1.8 9 1.95 
1,8 8 1.85 
2.5 4 1.76 
1.8 6 1.69 
1.3 9 1.62 
1.3 11 1.56 
1.3 12 1.51 
1.3 11 1.46 
1.3 11 1.42 
1.3 11 1.38 
1.3 22 1.34 
1.3 17 1.32 
1.3 16 1.30 
1.8 12 1.29 
1.8 11 1.27 
1.8 10 1.26 
1.3 15 1.24 
1.3 14 1.23 
1,3 14 1.22 

1.3 17 1.20 
1,3 16 1.19 
1.3 19 1.18 
1.3 16 1.17 
1.3 18 1,15 
1.3 15 1.14 
1.3 22 1.13 
1.3 19 1.12 
1 3 17 1 11 
1.3 17 1.10 
1.3 18 1.09 
1.3 17 1.08 
1.3 12 1.07 
1.3 13 1.06 
1.3 21 1.05 
1.3 22 1.05 
1.3 23 1.04 
1.3 20 1.03 
1.3 24 1.02 
1.3 25 1.01 
1.3 25 1.01 
1.3 23 1.00 
1.3 20 0.99 
1.3 17 0,98 
1.3 16 0.98 
1.3 17 0,97 
1.3 16 0.96 
1.3 15 0.96 
1.3 16 0.95 
1.3 16 0,94 
1.3 17 0.94 
1.3 18 0.93 

Norm % Dens. Phi Su 

~1n_~('fil.{(),,Cg.)_ U!l[) 

95 
134,6 45 107 
144.4 40 102 
166,8 35 101 
178,0 30 100 
192,7 30 99 
233.0 20 102 
101 .9 45 76 

85 
85 
85 

85 
95 
100 
95 
95 
100 
95 
100 
80 
90 
95 
90 
90 
95 
100 
100 

100 
100 
100 

95 

100 
100 
100 

95 
100 
100 
100 
100 
100 
100 

100 
100 
100 
100 
100 

100 
100 
100 
100 
100 
100 
100 
100 

100 
100 
100 
100 
100 
100 

43 
42 
42 
4'2 
42 
42 
39 

1.87 

0,95 

0.90 
0.80 
0,58 
0.59 
0.66 
0.76 
0.83 
0.79 
0.75 
0,77 

1.55 
1.24 
1.13 
1.22 
1.08 
0,95 

1.03 
0.98 
0,96 

1.20 
1.13 
1.33 
1.16 
1.24 
1.08 
1.57 
1.32 
1.18 

1.20 
1.24 
1.20 
0.86 
0,88 
1.50 
1.54 
1,65 

1.38 
1.69 
1.78 
1.80 
1.61 
1.44 
1.18 
1.08 
1.17 
1.12 
1.06 
1.11 

1.14 
1.15 
1.27 

>10 

>10 
>10 
>10 
>10 
>10 
>10 
>10 
>10 
>10 
>10 
>10 
>10 
>10 

>10 
>10 
>10 

>10 
>10 
>10 
>10 

>10 

"10 
>10 
>10 
'.>10 
>10 

>10 
>10 

>10 
>10 
>10 
>10 

5.53 
5.65 
>10 
>10 
>10 

>10 
>10 
>10 
>10 
>10 

>10 

7.00 
6.00 
6.65 
6.00 
5.42 
5.76 
5.88 

5,88 
6.65 



EEC ORIGINAL PKG

LANDMARK CONSULTANTS , INC. 

CONE PENETROMETER INTERPRETATION (based on Robertson & Campanella , 1989, refer lo Key to CPT logs) 

fr.91~ 0 . Mt,.U~_u'.acllitle.s~ tlebfil .. Cl;,. Proje<:LNO~ LE01 J5,1 -=Date: .1212010 __ _ 

ONE SOUND NG: CP -1 
Pll ~_ort_ JnJI!,!.!.' _: D-~hn11!11.l·R"'~l~.l}.~-~Ulfill .I 

__ ,;_\..fil:Yfl/J ._ 12. l --
Base Base Avg Avg Est. Qc Cn - Est. Rel: Nk: 17-:0 "J 
Depth Depth Tip Friction sou Soll Density or Density to SPT or Norm % Dens Phi Su 

motors I ; _ t !.•U31!1k!. ~,. --= TyJJil ~Slo: ~ fk,~lo_n _ u.sc Con~smncy I I) N N(60J _9B_JlcJ11 Fu1__1!~,l'.lr~(m,.J!l,l'!J,) ..QU.>. _Ct 

9,30 30 S ~1.GO 5.0Q 3 3 Clay GI /C';H vmysliff 125 1,3 17 0.93 100 1.20 6.00 

9.45 31.0 17.19 6.36 3 3 Clay CL/CH stiff 125 1.3 14 0.92 100 U.94 4.00 

9.60 31.5 20 05 5.47 3 3 Clay CL/CH very stiff 125 1.3 16 0.92 100 1.10 5.10 

9_75 32.0 19 47 5.50 3 3 Clay CL/CH very stiff 125 1.3 16 0.91 100 1.07 4.68 

9.90 32.5 21.74 5.63 3 3 Clay CL/CH very stiff 125 1.3 17 0.90 100 1 20 5.53 

10.05 33,0 23.37 5.76 3 3 Clay CL/CH very stiff 125 1.3 19 0.90 100 130 6.10 

10.20 33.5 20.39 5.56 3 3 Clay CL/CH very stiff 125 1.3 16 0.89 100 1.12 4.7B 

10 38 34.0 15 97 5.12 3 3 Clay CL/CH stiff 125 1.3 13 0.89 100 0.86 3 28 

10.53 34 5 16.45 4-48 3 3 Clay CL/CH stiff 125 1,3 13 0.88 100 0.89 3 35 

10 68 35 .0 16.50 4.96 3 3 Clay CL/CH very stiff 125 1.3 15 0.88 100 1.01 3.91 

10 83 35.5 19.11 4.05 4 4 Silly Clay lo Clay CL very sliff 125 1.8 11 0.87 100 1.04 5.21 

10.98 36.0 20.64 5.86 3 3 Clay CL/CH very stiff 125 1.3 17 0.87 100 1.13 4 47 

1113 36.5 25,44 5.72 3 3 Clay CL/CH very stiff 125 1.3 20 0.86 100 1.41 6.21 

11 28 37.0 31.72 4.84 4 4 Silly Clay lo Clay CL very stiff 125 1.8 18 0.86 100 1.78 >10 

11.43 37.5 :L5.49 3.77 5 5 Clayey Silt to Silty Clay ML/CL ver; stiff 120 2.5 10 0.85 100 1.41 >10 

11 58 38.0 17.60 2.48 5 5 Clayey Silt to Silly Clay ML/CL stiff 120 2.5 7 0.85 100 0.95 5.65 

11 73 38.5 15.25 3.47 4 ,1 Silty Clay to Clay CL stiff 125 1.8 9 0.85 100 0.81 3 35 

11.88 39.0 20.64 4.84 3 3 Clay CL/CH very stiff 12!:i 1.3 17 0.84 100 1.13 4 00 

12 05 39.5 15.50 3.51 4 4 Silly Clay to Clay CL stiff 125 1.8 9 0.84 100 0.82 3.28 

12.20 40 .0 14.77 2.00 5 5 Clayey Silt to Silly Clay ML/CL stiff 120 2.5 6 0.83 100 0.78 3.91 

12 35 40 .5 13.50 2.07 5 5 Clayey Silt to Silty Clay ML/CL stiff 120 2,5 5 0.83 100 0.70 3 43 

12 50 41.0 15.96 3.29 4 4 Silty Clay to Clay CL stitt 125 1.8 9 0.82 100 0-85 3.28 

12.65 41.5 15.32 3.05 5 5 Clayey Sill to Silty Clay ML/CL stiff 120 2.5 6 0.82 100 0.81 4 00 

12 80 42.0 14.74 2.01 5 5 Clayey Sill to Silly Clay ML/CL stiff 120 2.5 6 0.82 100 0.77 3.66 

12.95 42.5 17.48 2.54 5 5 Clayey Sill lo Silty Clay ML/CL stiff 120 2.5 7 0.81 100 0,93 4.78 

13.10 43.0 22.4 7 2.80 5 5 Clayey Silt to Silly Clay ML/CL very stiff 120 2.5 9 0.81 100 1.23 7.13 

13 25 43.5 20 .78 2.49 5 5 Clayey Sill lo Silly Clay ML/CL very stiff 120 2.5 8 0.81 100 1.13 6.21 

13.40 44,0 21.29 2.62 5 5 Clayey Silt to Silty Clay ML/CL very stlff 120 2.5 9 0.80 100 1.16 6 43 

13.58 4~.5 19 71 2.35 5 5 Clayey Silt to Silty Clay ML/CL very stiff 120 2,5 8 0.80 100 1.08 5.53 

13.73 45.0 19.60 2.17 5 5 Clayey Slit to Silly Clay ML/CL very stiff 120 2,5 8 0.80 100 1.05 5.42 

13.68 4:J !J 11:wo 1.84 6 6 Sa, 1Uy Sill iu Cla yay Sl.t "' ·1er1 ioo~c 115 3.5 5 0 79 13 5 100 13 30 
l~I~ 

14.03 46.0 17.42 2,29 5 5 Clayey Sill to Silty Clay ML/CL stiff 120 2.5 7 0.79 100 0.92 4.28 

14.18 46.5 19 49 2.03 6 6 Sandy Silt lo Clayey Silt ML very loose 115 3.5 6 0.79 14.5 100 15 30 

14.33 47 .0 17.99 2.10 5 5 Clayey Slit to SIity Clay ML/CL stiff IZU L,:, I u.,o 1~G V VV 

14.48 47 5 16.62 1.85 5 5 Clayey Silt to Silty Clay ML/CL stiff 120 2.5 7 0.78 100 0.88 3.83 

14.63 48.0 16.66 1.91 5 5 Clayey Sill to Silty Clay ML/CL stiff 120 2.5 7 0.78 100 0.88 3.83 

14.78 48.5 15.96 1.83 5 5 Clayey Slit to SIity Clay ML/CL stiff 120 2.5 6 0.77 100 0 83 3.58 

1/4.93 49 .0 15.5G 1.78 5 5 Clayey Sill to Silly Clay ML/CL stiff 120 2.5 6 0.77 100 0.81 3.35 

15.10 49.5 14.89 1.48 6 6 Sandy Silt to Clayey Slit ML very loose 115 3.5 4 0.77 10.B 100 7 29 



EEC ORIGINAL PKG

CLIENT: ORMAT CONE PENETROMETER: HOLGUIN, FAHAN & ASSC. Truck Mour.ted Electric 

PROJECT: ORMAT Heber 2 Facilities, Heber, CA Cone with 23 ton reaction weight 

___ __,Lo_,,~ION: See Sile and Boring Locali<ll,l_ Ian______ DATE.:., 12/20/01 

~ 
LOG OF CONE SOUNDING DATA CPT-2 

w 
INTERPRETED SOIL PROFILE TIP RESISTANCE !=. SLEEVE FRICTION FRICTION RATIO 

:i: From Robertson & Campanella (1989) Qc (tsf) Fs (\sf) FR~ Fs/Qc (%) ... 
n. 0 100 200 300 400 o 2 4 G 8 0 2 4 UJ 
D 

..i· 0 · 11 n -1 Overconsolidated Soil ?? very dense 

Overconsolidated Soil ver dense 

Silty Sand to Sandy Sill SM/ML very dense 

very dense 

·, •,~den:;.:!: 

-----hard -----
Clay CUCH sliff 

Silly Clay lo Clay CL stiff 

Clay CUCH stiff 
'--...., __ 

,,? 

10 Clay sliH 10 
Clay sllff 

Clay stiff 

Clay stiff ~ 
Clay • " very stiff ir-Clay . . very stiff 

Clay r " very stiff ----
Clay vary stiff 

1 Clay very sllff 

Clay very stiff 

Clay " " very stiff 20 20 
Clay stiff 

Clay very stiff 

Clay Very stiff 

Clay very stiff 
Clay very stiff 

Clay very sliff -- --
Clay very sliff 

Clay very stiff 

Clay very stiff 

30 Clay very stiff 
30 

Clay very stiff 
Clay very stiff 

Clay very sliff 

Clay very stiff 

Clay very stiff 

Clay very stiff ---- ---
Clay very sliff 

Clay very stiff 
Clay very stiff 

40 Silly Clay to Clay CL very stiff 
40 -- --SIii~ CIII~ to Gia~ ver:i stiff 

_(._ Clayey Silt lo Silly Clay MUCL very stiff -- --Clayey Silt to Silty Clay very stiff 

- ~ 
Clayey Silt lo Silty Clay very stiff 
Clayey Sill to SIily Clay very stiff 

Cla)!ey Silt lo Silll Clal ve~sliff 

Sandy Sill to Cl aye~ Sitt ML ver~ loose 

Clarot S1Jl l.o SIii~ Cl.>t MUCL ~ stiff 
Sandy Sill lo Clayey Sill ML very loose 

Sandy Sill lo Clayey Sill " " very loose 50 50 

I 

End of Sounding @ 50,0 ft. ___ -J._:::::::::::~- ,. -_-_-_-_-_-_-_-_ 1--
1 

Project No: LANDMARK Plate 
B-2 LE04354 .·.Geo'-Engineers and •Geol_ogists ' 

a DBE/MBE/SBE Company 



EEC ORIGINAL PKG

LANDMARK CONSULTANTS, INC. 

CONE PENETROMETER INTERPRETATION (based on Robertson & Campanella, 1989, refer to Key to CPT logs) 

_ e1-i.ijc.cl 05r~-4T Llgb.~L2 F..a.cllllics~.ll.ebor. CA_~ ___ 1.u)uc1.tio~.LC:.0.13!i!l ___ . .Qal(k.121.Z.O/<M ____ .. __ ... __ 

CONE SO UNO G: c~t2 . -;,,~c_o=~l"I!~_l!-~:,.~~°':.Y~li!i!:JiJ 
Base Bnse Avg Avg Est. Qc Cn Est. Rel. Nk : 17 .O 

Depth Depth Tip Friction Soll Soll Density or Density to SPT or Norm. % Dens Phi Su 

r!1jlJ~( OJ_ O.£ l!tf L 'aJ!{>,,jL 1ypc _GJ_ltlSITlC •1~1 U"" • ~~~Isle _, (pc t) J N~G__OJ C.. _Q, 111 lino ~),gtgg){l!lf}~ 

0 15 0 5 70 28 

0.30 1.0 77.82 

045 1.5 91.98 
0 60 2.0 129.94 

D 75 2.5 119 62 

0 93 3.0 137.68 
1.08 3.5 140,87 

1 23 4.0 139 35 

1.38 4 5 144,85 
1 53 5.0 113,08 

1.68 5.5 52.70 
1.83 6.0 13,87 

1.98 6.5 15.08 
2 13 7.0 14.77 
2,28 7.5 13.38 

2.45 8.0 12 25 
2,60 8 5 11.34 
2.75 9.0 13.62 

2.90 9.5 H.76 
3 05 10.0 15.04 
3.20 10.5 17.24 

3.35 11.0 17.82 
3,50 11,5 16.22 

3.65 12 0 14.59 
3.80 12 5 15,95 

3.95 13.0 16.10 
4.13 13.5 20.52 

4,28 14 0 22.48 

4.43 14.5 20.89 

4 ,58 15.0 17.79 

4.73 15.5 19.47 

4 88 16.0 19.76 

518 17.0 
5.33 17.5 
5.48 18 .0 
5,65 18.5 
5,80 19.0 
5,95 19 5 

6.10 20 .0 
6 25 20.5 
6 40 21 0 
6.55 21 .5 
6,70 22 .0 
6 85 22.5 

7 00 23.0 
7.18 23.5 
7.33 24.0 
7 48 24.5 
7.63 25.0 
7.78 25.5 
7.93 26 0 
8.08 26.5 
8.23 27.0 
8.38 27.5 
8 53 28.0 
8 68 28.5 
8 85 29.0 
9 00 29.5 
9.15 30,0 

21.67 
22.15 
21.43 
21.56 
22.73 
30.63 
17.95 
17.30 
16.60 
26.75 
28.17 
20.17 
16.15 
21.37 
24.23 
27.09 
23,97 

25.90 
24.80 
22.94 
22,28 

20.15 
24.13 
28.28 
26.02 
28 06 
29,72 

4 52 5 5 
5.9711 11 
5.31 11 11 
3.78 6 6 
3.11 6 

2.51 7 7 
2.30 7 7 
2.04 7 7 
2.01 7 7 
2.24 7 7 
3.38 5 5 
4.91 3 3 
5.36 3 
4.81 3 3 
3,80 3 3 
3.27 4 ◄ 
3.86 3 3 
4.43 3 3 
4.97 3 :; 

5.19 3 

5.61 3 3 
5.31 3 3 
4.53 3 3 
4.45 3 3 
489 3 3 
5.07 3 3 
5.55 3 3 
5.55 3 3 
5 42 3 3 
5.37 3 3 
5.86 3 3 
5.77 3 3 

5.09 3 

5.77 3 
6.10 3 

5.34 3 
5.72 3 
5.48 3 
6.14 3 

5.70 3 
6.99 3 

7 44 3 

6,81 3 

7.24 3 

5,62 3 
6.84 3 
5.98 3 
6.88 3 

6.46 3 
6.98 3 

6.17 3 
5.66 3 
5.92 3 
6.14 3 

6.05 3 
5.86 3 
5.73 3 
6.01 3 
6.57 3 

:: 
3 
3 
:) 

3 
3 
3 
3 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

3 
:i 
3 

3 
3 
3 
3 
l 
3 

Clayey Sill lo Silly Clay 

Overconsolidated Soil 

Overconsolidated So il 

Sandy Sill to Clayey Slit 

Sandy Sill to Clayey Silt 

Silly Sand lo Sandy Silt 

Silty Sand to Sandy Sill 

Silly Sand to Sandy Silt 

Silty Sand lo Sandy Silt 

Silty Sand to Sandy Silt 

Clayey Silt to Silty Clay 

Clay 

Clay 

Clay 

Clay 

Silly Clay lo Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

, •. , .. a,y 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Ciay 

C!ay 

Clay 

Clay 

C!ay 

Clay 

Clay 

MUCL 

7? 

?? 
ML 

ML 

SM/ML 

SM/ML 

SM/ML 

SM/ML 

SM/ML 

ML/CL 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL 

CL/CH 

CL/CH 

CL/CH 

CLICH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CUCH 

CL/CH 

CL/CH 

CUCH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CUCH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CUCH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CUCH 

CL/CH 

CUCH 

CUCH 

CL/CH 

CUCH 

CL/CH 

CUCH 

hard 

very dense 

very dense 

very dense 

very dense 

very dense 

very dense 

very dense 

very dense 

very dense 

hard 

stiff 

stiff 

stiff 

stiff 

stiff 

stiff 

stiff 

stiff 

stiff 

stiff 

very stiff 

stiff 

stiff 

stiff 

stiff 

very stiff 

very stiff 

very stiff 

verv stiff 

very stiff 

very stiff 

very stiff 

very stiff 

very stiff 

very stiff 

very stiff 

very stiff 

very stiff 

stiff 

stiff 

very stiff 

very stiff 

very stiff 

stiff 

very stiff 

very stiff 

very sliff 

very stiff 

very stiff 

verysliff 

very stiff 

very stiff 

very sliff 

very sliff 

very stiff 

very sliff 

very stiff 

very stiff 

120 
120 
120 
115 
115 
115 
115 
115 
115 
115 
120 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 

125 
125 
125 
125 
125 
125 
125 
125 
125 
125 

125 
125 
125 
125 
125 
125 

125 
125 
125 

125 
125 
125 
125 

125 
125 
125 
125 
125 
125 
125 

125 
125 
125 
125 
125 
125 
125 

2.5 28 
1,0 70 
1,0 92 
3,5 37 
3 5 31, 

4.5 31 
4.5 31 
4 5 31 
4,5 32 
4,5 25 
2.5 21 
1.3 11 
1.3 12 
1,3 12 
1.3 11 
1.8 7 
1.3 9 

1.3 11 
1.3 12 
1.3 12 
1,3 14 

1.3 14 
1.3 13 
1,3 12 

1.3 13 
1.3 13 
1.3 16 
1.3 18 
1.3 17 

1.3 14 
1.3 16 
1.3 16 

1.3 17 
1.3 18 
1.3 17 

1.3 17 

1.3 18 
1.3 25 
1.3 14 
1.3 14 
1.3 13 
1.3 21 
1.3 23 
1,3 16 

1.3 13 
1,3 17 

1.3 19 
1.3 22 
1.3 19 
1.3 21 
1,3 20 
1.3 18 
1.3 18 
1.3 16 
1.3 19 
1.3 23 
1 3 21 
1.3 22 
1.3 24 

2.00 
2.00 
2.00 
2,00 
2,00 

2.00 
2,00 

2.00 
2.00 
1.95 
1.86 
1,77 

1.70 
1,63 
1.57 
1.51 
1.46 
1.42 
1,38 

1.34 
1.33 
1.31 
1.29 
1.28 
1.26 
1.25 
1.23 
1.22 
1 21 

1.19 
1.18 
1.17 

1.15 
1.13 
1.12 
1.11 
1.10 
1.09 
1,08 

1.07 
1 07 

1.06 
1.05 
1.04 
1.03 

1.02 
1.02 
1.01 
1.00 
0.99 
0,99 
0.98 
0.97 
0.97 
0.96 
0.95 
0.95 
0.94 
0.93 

50 
147.1 55 110 
173.9 50 107 

245.6 35 113 
226.1 30 107 

260.3 25 108 
266.3 25 106 

263.4 20 104 
273 .8 20 103 
208.9 25 94 

50 
95 
95 

95 
90 

90 
100 
95 
100 
100 
100 
100 
100 
100 
100 

100 
100 
100 
100 
100 
100 
100 

100 
100 
100 
100 
100 
95 
100 
100 
100 
1UO 
100 
100 
100 
100 
100 
100 
100 
100 
100 

100 

100 
100 
100 

100 
100 
100 
100 

43 

43 
4,1 

43 
43 
43 
43 
42 
41 

4.13 

3.08 
0.80 
0.67 
0.85 
0 76 

0.69 
0.64 
0.77 
0.84 
085 
0 98 
1 01 
0 92 
0.82 
0 90 
0.9 1 

1.17 
1 28 
1.19 
1.00 
1.10 
1.12 

1.23 
1.25 
1.21 
1.22 
1.29 
1.75 
·1.00 
0,96 

0.92 
1.52 
1.60 
1.13 
0.89 

1.20 
1.36 
1.53 
1.35 
1.46 
1.39 
1,28 

1.24 
112 
1 35 
1.59 
1.46 
1.58 
1.68 

>10 

>10 
>10 

>10 

>10 
>10 

>10 

9.79 
>10 

>10 
>10 
>10 

>10 

>10 
9.19 
>10 
>10 

>10 

>10 
>10 

>10 
>10 
>10 

>10 
>10 
>10 

>10 
>10 
>10 

7.41 
6.65 

6.10 
>10 
>10 

7.85 
5.21 
8.27 
>10 
>10 

9.39 
>10 

9.59 
8.00 

7.27 
6.10 
8.14 

>10 
8.85 
>10 
>10 



EEC ORIGINAL PKG

LANDMARK CONSULTANTS, INC. 

CONE PENETROMETER INTERPRETATION (based on Robertson & Campanella, 1989, refer to Key to CPT logs) 

- ~QJ~c.t: ,~ ljgb r :acmttes. l:lob.er. c f- Qjg_ Qa(!;:· 212.QlO~_ 
EONE SOUNDING: CPT-2 

Es ,_GW ~(! 111 Co r.!!J!ltlon: 0 
Bn~ Base Avg Avg Esl. Oc Cn Est. 
Deplil Depth Tip Friction Soil Soll Donslty or Density to or % Dens. Phi Su 
101ors ool 9.usL.Ballo,._o/, T','l!Q Crasslficmion ~JSC Cons! tsin OS Dr(%) (deg 

9.30 30.5 28.55 6.41 3 3 Clay CL/CH very stiff 125 1.3 23 0.93 100 1.61 >10 
9.45 31.0 31.07 6 84 3 3 Clay CL/CH very stiff 125 1.3 25 0.92 100 1.75 >10 
9.60 31.5 34.71 6.59 3 3 Clay CUCH very stiff 125 1.3 28 0.92 100 1.97 >10 
9.75 32.0 35.27 6.25 3 3 Clay CL/CH very stiff 125 1.3 28 0.91 100 2.00 >10 
9.90 32.5 37.01 5.65 3 3 Clay CL/CH hard 125 1.3 30 0.91 100 2.10 >10 

10.05 33.0 32.37 5.31 3 3 Clay CL/CH very stiff 125 1.3 26 0.90 100 1.83 >10 
10.20 33.5 30.28 5.70 3 3 Clay CL/CH very stiff 125 1.3 24 0.89 100 1.70 9.59 
10.38 34.0 29.97 5.71 3 3 Clay CL/CH very stiff 125 1.3 24 0.89 100 1.68 9.19 
10.53 34.5 34 16 5.42 3 3 Clay CL/CH very stiff 125 1.3 27 0,88 100 1.93 >10 
10.68 35.0 31.53 5.44 3 3 Clay CL/CH very stiff 125 1.3 25 0.88 100 1.77 9.79 
10.83 35.5 33.18 4.62 4 4 Silly Clay to Clay CL very stiff 125 1.8 19 0.87 100 1.87 >10 
10.98 36.0 31.41 5.32 3 3 Clay CL/CH very stiff 125 1.3 25 0.87 100 1.77 9.19 
1113 36.5 28.95 4.94 3 3 Clay CL/CH very stiff 125 1.3 23 0.86 100 1.62 7.70 
11.28 37.0 23.74 5.43 3 3 Clay CL/CH very stiff 125 1.3 19 0.86 100 1.31 5.42 
11.43 37,5 24.03 5.19 3 3 Clay CL/CH very stiff 125 1.3 19 O,B5 100 1.33 5.42 
11.58 38.0 28.73 5.16 3 3 Clay CL/CH very stiff 125 1.3 23 0.85 100 1.60 7.13 
11.73 38.5 29.89 5.19 3 3 Clay CL/CH very stiff 125 1.3 24 0.85 100 1.67 7.56 
11 .88 39.0 29.55 5.05 3 3 Clay CL/CH very stiff 125 1.3 24 0.84 100 1.65 7.27 
12.05 39.5 25.32 4.72 3 3 Clay CL/CH very stiff 125 1.3 20 0.84 100 1.40 5.53 
12.20 40.0 22.19 4.46 3 J Clay CL/CH very stiff 125 1.3 18 0.83 100 1.22 4.37 
12.35 40.5 24.43 4.30 4 4 Silly Clay to Clay CL very stiff 125 1.8 14 0 83 100 1.35 6.54 
12.50 41.0 24.85 3 66 5 5 Clayey Silt to Silly Clay ML/CL very stiff 120 2.5 10 0 82 100 1.37 9.39 
12.65 41.5 21.29 3.25 5 5 Clayey Slit to Silly Clay ML/CL very stiff 120 2.5 9 0.82 100 1.16 6.88 
12.80 42.0 19.81 3.04 5 5 Clayey Slit lo Silty Clay ML/CL very stiff 120 2.5 8 0.82 100 1.07 6.00 
12.95 ,\2.5 18 87 2.79 5 5 Clayey Slit to Silty Clay ML/CL very stiff 120 2.5 8 0.81 100 1.02 5.42 
13.10 43.0 19 .60 2.48 5 5 Clayey Slit lo Silty Clay ML/CL very stiff 120 2.5 8 0.81 100 1.06 5.76 
13.25 43.5 21.70 2.84 5 5 Clayey Sill to Silly Clay ML/CL very stiff 120 2.5 9 0.81 100 1.18 6.65 
13 40 44 0 22.24 2 62 5 5 Clayey Slit lo Silly Clay ML/CL very stiff 120 2.5 9 0.80 100 1.21 6,88 
13.58 44.5 22.52 2.78 5 5 Clayey Silt to Silly Clay ML/CL very stiff 120 2.5 9 0.80 100 1.23 6,88 
13.73 45.0 25.15 3.77 5 5 Clayey Silt lo Silty Clay ML/CL very stiff 120 2.5 10 0,80 100 1.38 8.27 
13.88 45.5 26.20 3.80 5 5 Clayey Silt lo Silty Clay ML/CL very stiff 120 2.5 10 0.79 100 1.44 8.85 
14.03 46.0 24.44 3.02 5 5 Clayey Silt lo Silty Clay ML/CL very stiff 120 2.5 10 0.79 100 1.34 7,70 
14.18 46,5 22.65 2.43 5 5 Clayey Sill to SIiiy Clay ML/CL very stiff 120 2.5 9 0.79 100 1.23 6.54 
14 .33 47 .0 20.81 1.98 6 6 Sandy Silt to Clayey Silt ML very loose 115 3.5 6 0.78 15.4 100 17 30 
14.48 47.5 20 .51 2.12 6 6 Sandy Silt lo Clayey Silt ML very loose 115 3.5 6 0.78 15.1 100 17 30 
14.63 48.0 22 .61 2.50 5 5 Clayey Slit to Silty Clay ML/CL very stiff 120 2.5 9 0.78 100 1.23 6.32 
14.78 48,5 20.83 2.13 6 6 Sandy Silt to Clayey Silt ML very loose 115 3.5 6 0.77 15.2 100 17 30 
14.93 49.0 20.93 2.27 5 5 Clayey Slit lo Silty Clay ML/CL very stiff 120 2.5 8 0.77 100 1.13 5.42 
15.10 49.5 20.67 2 11 6 6 Sandy Silt to Clayey Sill ML very loose 115 3.5 6 0.77 15.0 100 16 30 
15.25 50.0 19.06 2.25 5 5 Clayey Sill to Silty Clay ML/CL very stiff 120 2.5 8 0,76 100 1.01 4.47 
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CLIENT: ORMAT 

PROJECT: ORMAT Heber 2 Facilities, Heber, CA 

Lp_cApON: §,00,!~jte and Borins Location Plan 

CON E PENETROMETER: HOLGUIN , rAHAN & ASSC. Truck ~ ... 1ounted Eleclric 

Cone with 23 ton reaction we igh[ 

___ D.,.A, T ... E ... : 12/20/04 

LOG OF CONE SOUNDING DATA CPT-3 

INTERPRETED SOIL PROFILE 
From Robertson & Campanella (1989) 

0 100 

T'P RESISTANCE 
Qc(tsf) 

200 

_GB_QUl'/IU-;J,~•~· --- 0 -~1--1 1 r r -1 r 1 r 
Clay CIJCH hard ( ' 

~ - -- - - --. - ----~ha~rd~ - - -
_ $il1 idy § ll 1uOn1eY Silt ML very dense 

Silly Sand lo Sandy Sill SM/ML very dense 

Silly Sond to SoMv Sill • • VO donll(I_ -- /-

Sandy Sill to ClayBt_ Sill ML der_!.s~ _ --- .. __ 

Clay CIJCH Sliff \ 
Clay stiff 

Clay stiff 

Clay sl1ff 10 
Clay stiff 

Clay sliff 

Clay very sliff f' __ _ 
Clay very sliff 

Cl~ w~sOO 

Clay sliff 

Clay stiff 

Clay stiff ( 
Clay si;ff -

Clay stiff 20 _ _ --
Clay stiff 

Clay stiff 

Clay very sllff \_ 
Clay hard ___ -;,. _ 

Cl~ w~~ff 

300 400 O 

l 

Clay vary stiff ---1----
Clay very stiff 

Clay very sllff 

Clay very stiff 

Clay ve~ stiff 

Clay ve~ sti ff 

Clay 

Clny 

Clay 

Clay 

Clay 

Clay 

'1ery stiff 
ve~sliff 

very slltf 

very sfi ff 

stiff 

stiff 

Clay very sliff 

Clayey SIii io Silly Cl, y MUCL _ \!llft ollfl 
Silty Clay to Clay CL very stiff 

Silly Cla to Cla ®S@ 

Clayey Silt to Silly Clay MUCL very s@ 

Clayey Sill lo Sillv Clay " " very sli ff 

Silly Clay to Clay CL very stiff 

Clayey Slit lo Silty Clay MUCL sliff 
Clayey Silt to Silty Clay stiff 
Clayey Sill to Silty Cl ay very sliff 

Clayey Gill lo Gilly Cloy very 3tiff 

Oln oy ~ 1U~.§.IIIY. <'Ju .J!!!f 

End of Socnding@ 50 O fl 

30 -

SLEEVE FRIC"I ION 
Fs (tsf) 

4 6 0 

FRICTION RATIO 
FR = Fs/Qc (%) 

2 4 8 

.,. ... 
r:;, 

'- ~ ~ r . ~-
-- J <' _ , 
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LANDMARK CONSULTANTS, INC. 

CONE PENETROMETER INTERPRETATION (based on Robertson & Campanella, 1989, refer to Key to CPT logs) 

erp · O~\ili:...2.f:.l~i os .er..,CA _ :cQJe.ct o;J.E.Q43.5.1 llilte· :12120,l,lv.o.!i:!.! ========~..,.,,_,, 
=ot-rE SO DING': CPT•3 

T(f : 12.0 
Avg Avg 

Tip F ric1ion 

Base Basa 

Depth Depth 

mo o r0et Qc Isl Rn.li,Q, •---

0.15 0.5 51. 76 
0.30 1.0 46.42 
0.45 1.5 40.35 
0.60 2.0 61.72 
0,75 2.5 109,67 

0.93 3.0 118.60 
1.08 3.5 127.70 
1.23 4.0 131.15 
us 4.5 147.55 
1.53 5.0 11\8.38 
1.68 5.5 111.44 
1.83 6.0 40.17 
1.98 6.5 13.36 
2.13 7.0 13.22 
2.28 7.5 7.68 
2.45 8.0 11.50 
2,60 8.5 10.61 
2. 75 9.0 9.81 
2.90 9.5 10.85 
3.05 10.0 14,61 
3. 20 10.5 14.97 
3 35 11.0 14.49 
3.50 11.5 15.94 
3.65 12.0 14.15 
3.80 12.5 20 31 

3.95 13.0 23.81 
4.13 13.5 18.35 
4.28 14.0 1813 
4.43 14.5 19.70 
4.58 15.0 18.07 
4.73 15.5 14.86 
4.88 16.0 14.60 
5.03 16.5 13.49 
5 18 17.0 13.31 
5.33 17.5 16.20 
5.48 18,0 19.16 
5.65 18.5 15.49 
5.80 19.0 15.81 
5 ,95 19.5 16.32 
6.10 20.0 17.26 
6.25 20.5 13.28 
6.40 21.0 11.14 
6.55 21 ,5 12.48 
6. 70 22.0 14.92 
6,85 22,5 17. 77 
7.00 23.0 21.45 
7.18 23.5 24.58 
7.33 24.0 51.65 
7A8 24.5 34.37 
7.63 25.0 18.84 
7.78 25.5 21.09 
7 .93 26.0 26.12 
8.08 26.5 26.28 
8.23 27.0 21.92 
8 38 27.5 23.63 
8.53 28.0 20.49 
8.68 28.5 19.11 
8,85 29.0 18.15 
9.00 29,5 21,72 
9.15 30.0 20.63 

3 36 Ci 

7.56 3 
6.79 3 

4.80 4 

3.07 6 
2.64 7 
2.43 7 

2.02 7 

1.96 7 
2.05 7 
2.28 7 
4.02 5 
5.18 3 
5.65 3 
4.85 3 
4.55 3 
3.49 4 
4.10 3 
5.09 3 
6.36 3 
5.91 3 

6.53 3 
5.42 3 
5.01 3 
5,15 3 

5.7\J 3 
6.42 3 
6.73 3 
6,56 3 

5.71 3 
5.24 3 
5.69 3 
6.25 3 
5.44 3 
6.21 3 
5.98 3 
6.80 3 
6.89 3 

7.00 3 

5.95 3 
5.76 3 
6.84 3 
7.40 3 

7.62 3 
6.98 3 

7.34 3 

7.84 3 
3.68 5 

4.91 3 
5.44 3 

6.11 3 
5.49 3 

5.55 3 
5.06 3 
6.15 3 
6.07 3 

5.87 3 

5.24 3 
6.18 3 
6.55 3 

5 
3 

3 
4 

6 

7 
7 

7 

7 
7 

7 
5 

3 

3 

3 
3 

4 
3 

3 
3 
3 
3 

3 

3 
3 

3 

3 
3 
3 
3 
3 

3 
3 

3 
3 

3 

3 
3 

3 

3 

3 

3 

3 

3 
3 

3 

3 

5 
3 

3 

3 

3 

3 

3 

3 
3 

3 

3 

3 

3 

Soll 

Clayey Sill lo Silty Clay 

Clay 

Clay 

Silly Clay lo Clay 

Sandy Silt to Clayey Silt 

Silty Sand to Sandy Silt 

Silty Sand to Sandy Silt 

Silty Sand to Sandy Silt 

Silty Sand to Sandy Silt 

Silty Sand to Sandy Silt 

Silly Sand lo Sandy Silt 

Clayey Silt to Silty Clay 

Clay 

Clay 

Clay 

Clay 

Silty Clay to Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clayey Silt to Silty Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

ML/CL 

CL/CH 

CL/CH 

CL 

ML 

SM/ML 

SM/ML 

SM/ML 

SM/ML 

SM/ML 

SM/ML 

ML/CL 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CUCH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 
ML/CL 

CL/CH 

CL/CH 

CL/CH 

CUCH 

CL/CH 

CUCH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CUCH 

hard 

hard 

hard 

hard 

very dense 

very dense 

vory dense 
very dense 

very dense 

very dense 

very dense 

hard 

stiff 

stiff 
~rm 

stiff 

stiff 

stiff 

stiff 

stiff 

stiff 

stiff 

stiff 

stiff 

very stiff 

very stiff 

very stiff 

very stiff 

very stiff 

very stiff 

stiff 

stiff 

stiff 

stiff 

stiff 

very stiff 

stiff 

stiff 

stiff 

stiff 

stiff 

stiff 

stiff 

stiff 

stiff 

very stiff 

very stiff 

hard 

very stiff 

very stiff 

very stiff 

very stiff 

very stiff 

very stiff 

very stiff 

very stiff 

very stiff 

stiff 

very stiff 

very stiff 

Est. Qc Cn 

Density to SPT or 

{J~!LJ'!_ l'-!_60 Q 

120 
125 
125 
125 
115 
·115 

115 
115 
115 
115 
115 
120 
125 
125 
125 
125 
125 
125 
12S 
125 
125 
125 
125 
125 
125 

125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
120 
125 
125 
125 
125 
125 
125 
125 
125 
125 
·12s 
125 
125 

2.5 21 2.00 
1.3 37 2.00 
1.3 32 2.00 
1.8 35 2.00 
3,5 31 2.00 
4.5 26 2.00 
4.5 28 2.00 
4.5 29 2.00 
4.5 33 2.00 
4.5 33 1.94 
4.5 25 1.85 
2.5 16 1.76 
1.3 11 1.69 
1.3 11 1.62 
1.3 6 1.56 
1.3 9 1.51 
1,8 6 1.46 
1.3 8 1.42 
1.3 9 1.38 
1.3 12 1.34 
1.3 12 1.32 
1.3 12 1.31 
1.3 13 1.29 
1.3 11 1.27 
1.3 16 1.26 

1.3 19 1.24 
1.3 15 1.23 
1.3 15 1.22 
1.3 1G 1.20 
1.3 14 1.19 
1.3 12 1.18 
1.3 12 1.17 
1.3 11 1.16 
1.3 11 1.14 
1.3 13 1.13 
1,3 15 1.12 

1.3 12 1.11 
1.3 13 1.10 
1.3 13 1.09 
1.3 14 1.08 
1.3 11 1.07 
1,3 9 1.06 
1.3 10 1.06 

1.3 12 1.05 
1.3 14 1.04 
1.3 17 1.03 

1.3 20 1.02 
2.5 21 1.02 
1.3 27 1.01 
1.3 15 1.00 
1,3 17 0.99 
1.3 21 0.99 
1,3 21 0.98 
1.3 18 0.97 
1.3 19 0.97 
1,3 16 0.96 
1.3 15 0.95 
1.3 15 0.95 
1.3 17 0.94 
1 3 17 0.93 

Est. Rel. 

Norm. % Dens. Phi Su 

Oclii fl os Dr %1-I!!rulJ_ Llfil.) 

50 
75 
75 
55 

207.3 35 104 
224.2 30 103 
241.4 25 103 
247.9 25 102 
278.9 20 103 
271.7 20 102 
194.4 25 92 

60 
100 
100 
100 
100 
95 
100 
100 
100 
100 
100 

100 
100 
95 
95 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
70 

95 
100 

100 
100 
100 

100 
100 
100 
100 
·100 
·100 
·100 

43 
42 
42 
42 

42 
42 
41 

3.04 
2,73 

2.37 
3.62 

2.34 
0.76 
0.75 
0.43 
0.65 
0.60 
0.55 
0.61 
0.82 
0.85 
0.82 
0.90 
0,79 

1.16 
0 1.36 

1.04 
1.02 
1.12 
1.02 
0.83 
0.81 
0.75 
0.74 
0.90 
1.08 
0.86 
0,88 
0.91 

0.96 
0.73 
0.60 
0.68 
0.82 
0.99 
1 20 

1.39 
2.98 
1.96 
1.05 
1.18 
1.47 
1.48 
1.22 
1.32 
1.14 
1.06 
1.00 
1 21 

1.14 

>10 
>10 
>10 
>10 

>10 
>10 
>10 

6.10 
>10 

>10 
6.54 
7.00 
>10 
>10 
>10 
>10 

8.56 
>10 
>10 
>10 
>10 

>10 
>10 

7.00 
6.65 
5.65 
5.31 
7.13 
9.59 
6.32 
6.32 
6.43 
6.88 
4.37 
3.28 

3.74 
4.89 
6.32 
8.41 
>10 
>10 
>10 

6.10 
7.13 
>10 
>10 

7.13 
8.00 
6.10 

5.31 
4.78 
6.32 
5.65 
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LANDMARK CONSULTANTS, INC. 

CONE PENETROMETER INTERPRETATION (based on Robertson & Campanella, 1989, refer to Key to CPT logs) 

..f.'._~~c1· Og!j~T_.t:;IQ.l?:;t!- ?. EMU ll!l6. tl.e.bar ... CJ\ eID~t;_ll'lR, I.E013p_1 at~ 1 ?(2$Jf_O. _ 
CONE SO' NDING: CPT-3 
t:-=="'Ellc l==. ""GWT,,,, {ltJ 1 tp 

Base Base Avg Avg Est. Oc: 
~fil~~llll.ln11'._f}_ .J!§!:llm(@,!;~ 

Cn Est Rel., Nk: 17 .0 
Depth Depth Tip Friction Solt Density or SPT or Norm. % Dens. Phi Su 

01~,~ te<1t oc,.lll .. LJi,il!o~ ·-==C:.,k,:,IS:.,~;slll2::tl:;:,a!'i!los:n=====~U~S,:,:C===='eo=·==~~:,!!;,il!,~~~-!:(GO:..!,_=c);!__Q::;;C .l.'!- -'''11~0 Or 1'/4,Ll!lOJ:IJ_=e.:•".:.,'~=0,;.G;;;H,,,I 

9.30 30.5 
9.45 31.0 
9.60 31.5 
9.75 32.0 
9.90 32 5 

10.05 33.0 
10.20 33.5 
10.38 3-10 
10.53 34 5 

10.68 35.0 
10.83 35.5 
10 98 36.0 
11.13 36.5 
11 28 37.0 
1143 37.5 
11.58 38.0 
11.73 38.5 
11.88 39.0 
12.05 39.5 
12.20 40.0 
12.35 40 5 
1250 410 
12.65 41.5 
12.80 42.0 
12.95 42.5 
13.10 43.0 
13.25 43.5 
13.40 44,0 
13.58 44 5 
13.73 45.0 
13.88 45.5 
1403 46.0 
14.18 46.5 

14.48 47 .5 
14.63 48.0 
14.78 48 .5 
14.93 49.0 
15.10 49 .5 
15.25 50.0 

22.90 

20.57 
19.55 
23.76 

24 30 
22.78 
21.56 
20.82 

21.17 

24.71 
23.14 
19.96 
19.03 
16.19 
16.02 
16.15 
17.81 
21.66 
20 18 
17.00 
20 64 
36.57 
31.64 
23 58 
24 .97 
19.07 
18.86 
19.54 

19.29 
19.79 
17.66 
16.42 
15.61 

18.25 
19.39 
19.39 
19.13 
16.46 
16 91 

7.51 3 
6.23 3 
6,90 3 
8.37 3 
8 05 3 
6.54 3 
5.91 3 
6.40 3 
6.04 3 
6.05 3 
5.91 3 

5.21 3 

4.88 3 
4.33 3 

5.36 3 
5.06 3 
4.75 3 
4.41 4 
3.42 5 

2,62 5 
4.32 4 
3.70 5 

4.64 4 

3.56 5 

3.28 5 
2.71 5 
2.98 5 
3.20 5 

3.97 4 
3.86 4 
3.31 5 
2.18 5 
2.35 5 

1.80 6 
2.43 5 

3.87 4 
2.69 5 
1.59 6 

2.83 5 

3 
3 
3 
3 
3 

3 
3 

3 

3 
3 
3 

3 
4 
5 

5 

5 
4 
5 

5 

5 

5 
5 

4 

6 

5 

4 
5 

6 
5 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Silty Clay to Clay 

Clayey Silt to Silty Clay 

Clayey Sill to Silty Clay 

Silly Clay lo Clay 

Clayey Silt to Silly Clay 

Silty Clay lo Clay 

Clayey Sill to Silty Clay 

Clayey Silt to Silly Clay 

Clayey Silt to Silty Clay 

Clayey Sill lo Silty Clay 

Clayey Sill to Silty Clay 

Silly Clay lo Clay 

Silly Clay to Clay 

Clayey Silt to Silty Clay 

Clayey Silt to Silty Clay 

Clayey Silt to Silty Clay 
.,,.._,, .... ,,, ·- ,.., -· ..... ,. 
..., .... , ,..,,, ...,.,~ • ..., ...,, ... ,\JJ ....... ~ 

Sandy Sitt to Clayey Silt 

Clayey Silt to Silly Clay 

Silty Clay to Clay 

Clayey Silt to Silty Clay 

Sandy Silt lo Clayey Silt 

Clayey Silt lo SIity Clay 

CUCH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CL/CH 

CUCH 

CL/CH 

CL 

ML/CL 

ML/CL 

CL 

ML/CL 

CL 

ML/CL 

ML/CL 

ML/CL 

ML/CL 

ML/CL 

CL 

CL 

ML/CL 

ML/CL 

ML/CL 

ML 

ML/CL 

CL 

ML/CL 

ML 

ML/CL 

very stiff 

very stiff 

very stiff 

very stiff 

very stiff 

very stiff 

very stiff 

very stiff 

very stiff 

very stiff 

very stiff 

very sliff 

very stiff 

stiff 

stiff 

stiff 

stiff 

very stiff 

very stiff 

stiff 

very stiff 

hard 

very sliff 

very stiff 

very stiff 

very stiff 

very stiff 

very stiff 

very stiff 

very stiff 

stiff 

stiff 

stiff 

very loose 

very stiff 

very stiff 

very stiff 

very loose 

stiff 

125 

125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 

125 
120 
120 
125 
120 
125 
120 
120 
120 
120 
120 
125 
125 
120 
120 
120 

115 
120 
125 
120 
115 
120 

1.3 18 
1.3 16 
1.3 16 
1.3 19 
1.3 19 
1.3 18 
1.3 17 
1.3 17 
1.3 17 
1.3 20 

1.3 19 
1.3 16 
1.3 15 
1.3 13 
1.3 13 
1.3 13 
1.3 14 
1.8 12 
2.5 8 
2.5 7 
1.8 12 
2.5 15 
1.8 18 
2.5 9 

2.5 10 
2.5 8 

2.5 8 
2.5 8 
1.8 11 
1.8 11 
2.5 7 
2.5 7 

2.5 6 

3.5 5 
2.5 8 

1.8 11 
2.5 8 
3.5 5 
2.5 7 

0.93 
0.92 

0.92 
0.91 
0.90 

0.90 
0.89 
0.89 
0.88 
0.88 
0.87 

0 87 
0.86 
0.86 
0.B5 

0.85 
0.85 
0.84 
0.84 
0.83 
0 83 

0.82 
0.82 
0.82 
0.81 
0 81 

0.81 
0.80 
0.80 
0.80 
0,79 
0.79 
0.78 

0,78 
0.78 
0.77 
0.77 
0.77 
0.76 

100 
100 
100 

100 
100 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

100 
100 
100 
100 
95 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

13.4 100 
100 
100 
100 

11.9 100 
100 

" 
13 30 

10 29 

1.27 
1.14 
1.08 

1.32 
1.35 

1.26 
1.19 
1.15 

1.17 
1.37 
1.28 
1.09 
1.04 
0.87 

0 86 
0.86 
0.96 
119 
1.10 
0.91 
1.12 
2.06 

1.77 
1.29 
1.37 
1.03 
1.01 
1 05 
1.04 
1.07 

0.94 
0,87 

0.82 

1.04 
1.04 
1.02 

0.89 

6.54 
5.42 
4.89 
6.5~ 
6.65 
5.88 
5.31 
4.89 
4.89 
6.21 
5.53 
4.28 
3.91 
3.07 
3.00 
3.00 
3.35 
5.65 
6.65 
5.00 
5.00 
>10 
>10 

8.14 
8.85 
5.42 

5.31 
5.53 
3.91 
4.00 
4.47 
3 .91 
3.58 

4.89 
3.58 
4.57 

3.74 
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LANDMARK CONSULTANTS, INC. 

CLIENT: ORMAT 
PROJECT: ORMAT Heber 2 Facilities, Heber, CA 

JOB NO: LE04354 
DATE: 12/28/04 

------------·----------
ATTERBERG LIMITS (ASTM 04318) 

-- ---

Sample 
Location 

CPT-1 
CPT-2 
CPT-3 

60 

50 

20 

10 

Sample 
Depth 

(ft) 

0-1.5 
0-2 

0-1.5 

CL-ML ,, ,. ,, 

Liquid 
Limit 
(LL) 

35 
35 
36 

Plastic 
Limit 
(PL) 

18 
17 
15 

Plasticity USCS 
Index Classif-
(PI) ation 

17 
18 
21 

CL 
CL 
CL 

[PLASTICITY CHART 

ML rOL 
MH or OH 

e CPT-1@ 0-1 .5fl 

D CPT-2@ 0-2ft 

♦ CPT-3@ 0-1.5ft 

0 .__,_.,___..,___...,,,.-__,___,____,---''---'---,;..._.,___..,____.__-'--_,___.___..__.___,_----'-__,_--L___,____, 

0 10 20 30 

LANDMARK 
Geo-Engiheers arid Ge~logists 

o DBCIMOll/SBE Company 

Project No: LE04354 

40 50 60 
Liquid Limit 

70 80 90 100 110 120 

Atterberg Limits 
Test Results 

Plate 
C-1 
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LANDMARK CONSULTANTS, INC. 

CLIENT: ORMAT 
PROJECT: ORMAT Heber 2 Facilities, Heber, CA 

JOB NO: LE04354 
DATE: 12/28/04 

CHEMICAL ANALYSES 
----------------------------------------------------------------------

Boring: CPT-1 CPT-1 CPT-2 CPT-2 
Sample Depth, ft: 0-1.5 1.5-3 0-2 2-3 

pH: 7.9 7.9 7.8 7.9 

Electrical Conductivity (mmhos): 2.5 1 '7 . ( 1.8 0.9 

Resistivity (ohm-cm): 260 1000 300 1000 

Chloride (Cl), ppm: 3,040 230 1,490 220 

Sulfate (SO4), ppm: 2,812 3,006 1,500 1,106 

General Guidelines for Soil Corrosivity 

Material Chemical 

Affected Agent 

Concrete Soluble 
Sulfates 

Normal Soluble 
Grade Chlorides 
Steel 

Normal Resistivity 
Grade 
Steel 

LANDMARK 
Guo-Eoglnoors <1nd Geol0g1Sts ' 

a DBE/MBC/SBE Carnpony 

Project No: LE04354 

Amount in Degree of 

Soil (rumiL ,C_oJIQ.sl'lJt! 

0 -1000 Low 
1000 - 2000 Moderate 

2000 - 20,000 Severe 
> 20,000 Very Severe 

0 -200 Low 
200 - 700 Moderate 

700 - 1500 Severe 
> 1500 Very Severe 

1-1000 Very Severe 
1000-2000 Severe 

2000-10,000 Moderate 
10,000+ Low 

Selected Chemical 
Analyses Results 

CalTrans 
Method 

643 

424 

643 

422 

417 

Plate 
C-2 
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LANDMARK CONSULTANTS, INC. 

CLIENT: ORMAT 
PROJECT: ORMAT Heber 2 Facilities, Heber, CA 

JOB NO: LE04354 
DATE: 12/28/04 

CHEMICAL ANALYSES 

Boring: CPT-3 CPT-3 
Sample Depth, ft: 0-1.5 1.5-3 

pH: 7.9 7.8 

Electrical Conductivity (mmhos): ·us /( .,,,. 
i ~ () 

Resistivity (ohm-cm): 450 1000 

Chloride (Cl), ppm: 570 210 

Sulfate (S04 ), ppm: 1,785 1,052 

CalTrans 

Method 

643 

424 

643 

422 

417 

------------- -------·------·----·--··----- - ·------·---------·----------------------------------------·------·------·------·-------- ---------·-----------~-

General Guidelines for Soil Corrosivity 

Material Chemical 

Affected _____fill.eDL 

Concrete Soiubie 

Sulfates 

Normal Soluble 

Grade Chlorides 

Steel 

Normal Resistivity 

Grado 

Steel 

LANllMAilf( 
R O IIIVMIJE/S8 Cornpony 

Project No: LE04354 

Amount in Degree of 

__.S_oil(R!lffil. Corrosivity 

0 - 1000 Low 

1000 - 2000 Moderate 

2000- 20,000 Severe 

> 20,000 Very Severe 

0 - 200 Low 

200 - 700 Moderate 

700 - 1500 Severe 

> 1500 Very Severe 

1-1000 Very Severe 

1000-2000 Severe 

2000-10,000 Moderate 

10,000+ Low 

Selected Chemical 
Analyses Results 

Plate 
C-3 
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May 9, 2007 

Mr. Yuri Gal 
ORMATNevada, Inc. 
94 7 Dogwood Road 
Heber, CA 92249 

Dear Mr. Gal: 

LANDMARK 
Geo-E:ngineers and Geologists 

Geotechnical Investigation 
Proposed Heber South Geothermal Plant 

Dogwood Road 
Heber, California 

LC/ Project No. L07178 

780 N. 4th Street 
El Centro, CA 92243 
(760) 370-3000 
(760) 337-8900 fax 

77-948 Wildcat Drive 
Palm Desert, CA 92211 
(760) 360-0665 
(760) 360-0521 fa)( 

Landmark Consultants, Inc. is pleased to present this geotechnical report update for design and 

construction of the Heber South Geothermal Plant facility located on Dogwood Road south of Heber, 

California. The project site is located in the southwest comer of the existing Heber geothermal plant 

site. The proposed plant will consist of one OEC unit, one cooling tower, and various ancillary 

structures including pumps, filters, and shelter. 

This update report presents selected elements of our findings and recommendations only. For the 

proper appl1cat10n ot our tmctmgs anct recommendations, reading oi tile fuii geotecbnicai repon (i.,Ci 

Report No. LE04354, dated January 5, 2005) is required, and are best evaluated with the active 

participation of the engineer of record who developed them. 

The scope of work consisted of conducting two (2) electronic CPT soundings within the OEC and 

cooling tower footprints and review of the existing geotechnical report for the Heber 2 plant 

expansion (Landmark, 2005) to determine suitability of the prior geotechnical report for use with the 

design and construction of the proposed Heber South plant. 

Small structures are planned for electrical control panels, consisting of masonry or panelized 

concrete construction. Expected footing loads are estimated at I to 2 kips per lineal foot for the 

small structures. Expected plant components, cooling tower and turbine/generator columns loads 

range from 5 to 400 kips. If structural loads exceed those stated above, we should be notified so we 

may evaluate their impact on foundation settlement and bearing capacity. Site development will 

include foundation support pad preparation and underground utility installation. 



EEC ORIGINAL PKG

Subsurface Exploration 
Subsurface exploration was performed on May 2, 2007 using Holguin, Fahan, & Associates, Inc. of 
Cypress, California to advance three (3) electric cone penetrometer (CPT) soundings to an 
approximate depth of 50 feet below existing ground surface. The soundings were made at the 
locations shown on the Site and Exploration Plan (Plate A-2). The approximate sounding locations 
were established in the field and plotted on the site map by sighting to discernable site features. 

Interpretive logs of the CPT soundings were produced and presented in final form after review of 
field and laboratory data and are presented on Plates B-1 and B-2 in Appendix B. A key to the 
interpretation of CPT soundings is presented on Plate B-3. The stratification lines shown on the 
subsurface logs represent the approximate boundaries between the various strata. However, the 
transition from one stratum to another may be gradual over some range of depth. 

Subsurface soils encountered during the field exploration conducted on May 2, 2007 consist of 
medium dense to dense silty sands extend to a depth of 4 to 5 feet below ground surface. Stiff to 
very stiff clays extend from 4 feet to a depth of 50 feet, the maximum depth of exploration. The 
subsurface logs (Plates B-1 and B-2) depict the stratigraphic relationships of the various soil types. 

Groundwater Elevation 
Groundwater was not noted in the CPT soundings at the time of exploration, but is typically 
encountered at approximately 10 to 15 feet below ground surface in the vicinity of the site. There is 
uncertainty in the accuracy of short-term water level measurements, particularly in fine-grained soil. 
Groundwater levels may fluctuate with precipitation, irrigation of adjacent properties, drainage, and 
site grading. The referenced groundwater level should not be interpreted to represent an accurate or 
permanent condition. 

Seismic Parameters 
The project site is located in the seismically active Imperial Valley in Southern California, and is 
considered likely to be subjected to moderate to strong ground shaking from earthquakes in the 
region. The project site lies approximately 11.3 km southwest of the Imperial Fault. Strong ground 
shaking can be expected for magnitudes of 6.0 to 7 .2 events on the Imperial Fault with a recurrence 
interval for 6.0 magnitude events at about 29 years. We have used the computer program FRISKSP 
(Blake, 2000) to provide a probabilistic estimate of the site Peak Ground Acceleration (PGA) using 
the attenuation relationship of Boore, Joyner, and Furna] (1997) NEHRP D (250). The PGA estimate 
for the project site having a 10% probability of being exceeded in 50 years (return period of 475 
years) is 0.60g. 
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CBC Seismic Coefficients: The California Building Code (CBC) seismic response coefficients are 

calculated from the near-source factors for Seismic Zone 4. The near-source factors are based on the 

distance from the fault and the seismic source type. The following table lists seismic and site 

coefficients (near source factors) determined by Chapter 16 of the 2001 CBC. This site lies within 

11.3 km of a Type A fault overlyi11g Sn (stiff) soil. 

CBC Seismic Coefficients for Chapter 16 Seismic Provisions 

Seismic Distance to Near Source Factors Seismic Coefficients 

CBC Code Soil Profile 

Edition Type 
Source Critical 

Type Source Na Nv Ca Cv 

2001 
So A < 11.3 km 1.00 1.15 0.44 0.74 

(stiff soil) 

Ref. Table 16-J 16-U --- 16-S 16-T 16-Q 16-R 

Liquefaction Potential 

Evaluation ofliquefaction potential at the site indicates that it is unlikely that the subsurface soil will 

liquefy under seismically induced groundshaking due to the predominance of cohesive clay (non

liquefiable) subsurface soil below the groundwater depth. No mitigation is required for liquefaction 

effects at this site. 

Lateral Earth Pressures 

Earth retaining structures, such as retaining walls, should be designed to resist the soil pressure 

imposed by the retained soil mass. Walls with granular drained backfill may be designed for an 

assumed static earth pressure equivalent to that exerted by a fluid weighing 55 pcf for unrestrained 

(active) conditions (able to rotate 0.1 % of wall height), and 70 pcfforrestrained (at-rest) conditions. 

Surcharge loads should be considered ifloads m~ applied within a zone between the face of the waH 

and a plane projected behind the wall 45 degrees upward from the base of the wall. The increase in 

lateral earth pressure acting uniformly against the back of the wall should be taken as 50% of the 

surcharge load within this zone. Areas of the retaining wall subjected to traffic loads should be 

designed for a uniform surcharge load equivalent to two feet of native soil. 
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Walls should be provided with backdrains to reduce the potential for the buildup of hydrostatic 
pressure. The drainage system should consist of a composite HDPE drainage panel or a 2-foot wide 
zone of free draining crushed rock placed adjacent to the wall and extending 2/3 the height of the 
wall. The gravel should be completely enclosed in an approved filter fabric to separate the gravel 
and backfill soil. A perforated pipe should be placed perforations down at the base of the permeable 
material at least six inches below finished floor elevations. The pipe should be sloped to drain to an 
appropriate outlet that is protected against erosion. Walls should be properly waterproofed. The 
project geotechnical engineer should approve any alternative drain system. 

Structure Support Pads/Foundation 
The subsurface exploration conducted in May 2007 identified engineering properties of the soil 
nearly identical to the Landmark, 2005 geotechnical report. The findings and recommendations 
within the 2005 geotechnical report may be used for the Heber South project. A copy of the 
Landmark 2005 geotechnical report is provide in Appendix C. 

Closure 
We appreciate the opportunity to provide our findings and professional opinions regarding 
geotechnical conditions at the site. If you have any questions or comments regarding our findings, 
please call our office at (760) 370-3000. 

Respectfully Submitted, 
Landmark Consultants, Inc. 

Steven K. Williams, CE 
Senior Engineering Geol 

Jeffrey 0. Lyon, PE 
President 
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Project Site ___ _. 
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CLIENT: Ormat Nevada CONE PENETROMETER: HOLGUIN, FAHAN & ASSC. Truck Mounlod Elaciric 

PROJECT: Heber South Geothermal Plant •· Heber, CA Cone wllh 23 ton reaction weight 

LOCATION: See Site and Borin Location Plan DATE:• 05/02/07 

INTERPRETED SOIL PROFILE 
From Robertson & Campanella (1989) 

+/. 

Silly Sand to Sandy Silt SM/ML 
Silly Son1 to San,;iy Silt 

Slit Sand to Sand Silt 

Sandl Slit lo Clare~ SIil ML 
Clay CUCH . 

Clay 

Clay 

Clay 

Clay 

Clay 
Silly Clay lo Clay CL 

Clay CUCH 

Clay 
Clay 

Clay 

Clay 

Clay 

Clay 

Silty Clay to Clay CL 

Clay CUCH 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay 

Clay . ,, 
Clay 

Clay 

""1411 

· Clay 

Clay 

SUly Clay to Clay CL 

Clay CUCH 

Sill~ Clal to Clal CL 
Clayey SIil to Silty Clay MUCL 

Clayey Sill to Silty Clay 
Clayey Sill to Silty Clay 

Clayey Sill to Silty Clay 

~)I~ Sill lo SIil Cla 
Silll Clal to Clal Cl 

Clayey Slit to Silly Clay MUCL 

Clayey SIil io Silly Clay 

Clayey Sill to Silty Clay 

Cln~e~ Sill 10 SIi!): Clat 

Se~dl Sift ta Clat•l Silt Ml 
Cla o Siltto Slit Cla MUCL 

· End of sounding @ 50 o ft, 
Anlicipstad ~roundwster@ 10.D fl. 

very dense 

vory d•.n•• 
ve dense 

dense 

stiff 

stiff 

stiff 

stiff 

very stiff 

very stiff 

stiff 

stiff 

very stiff 

•tiff 
Oliff 

very stiff 

very stiff 

very allff 

very 1llff 

very stiff 

very stiff 

very stilt 

very stifl 

very stiff 

very slllf 

Jliff 

•lilf 
stiff 

stiff 

very sllff 

very stiff 

very stiff 
·011y ~tiu 
stiff 

stiff 
very aliff 

very atilt 

V9!}'.Siiff 

very stiff 
very stifl 

stiff 

very stiff 

VO stiff 

V8!}'. Stiff 

very stiff 

very atilt 

vary stiff 

V~!)'.Slilf 

very.loose 

stiff 

LOG 

0 WU 

1D 

OF CONE 

TIP RESISTANCE 
Qc(l1t) 

.!UO 300 

20 f-\------1------r-----+-
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Project No: LANDMARK Plate 
B-1 LE07178 

(,co-E1HJ111eers and Guilo9ists 
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Basa Base 
Depth Oeptt, 
meters feet 

0,15 0,5 
0,30 1,0 
0.45 1.5 
0.80 2.0 
0,75 2.5 
0.93 3.0 
1,08 3.5 
1.23 4.0 
1.3B 4.5 
1.53 5.0 
1.68 5,5 
1.83 6.0 
1.98 8.5 
2.13 7.0 
2.28 7.5 
2.45 8.0 
2.60 8.5 
2.75 9.0 
2.90 9.5 
3.05 10.0 
3.20 10,5 
3.35 11,0 
3.50 11 .5 
3.65 12.0 
3.80 12,5 
3.95 13.0 
4.13 13.5 
4.28 14.0 
4.43 14.5 
4,58 15.0 
4.73 15,5 
4.88 16.0 
5,03 16.5 
5.18 17,0 
5.33 17.5 
5.48 16.0 
5.65 18.5 
5.80 19.0 
5.95 19.5 , 
6:10 20.0 
6.25 20.5 
6.40 21.0 
6.55 21.5 
6.70 22.0 
6.85 22,5 
7.00 23.0 
7.18 23.5 
7.33 24:0 
7.48 24.5 
7.63 25,0 
7.78 25.5 ' 
7.93 26.0 
6.08 26.5 
8.23 27.0 
8.38 27.5· 
8.53 28.0 
8.68 28.5 
8.85 29.0 
9.00 29.5 
9.15 30,0 
9.30 30.5 

LANDMARK CONSULTANTS, INC. 
CONE PENETROMETER INTERPRETATION . (based on Robertson & Campanella, 1989, refer to Key to CPT logs) 

. . o: LE07178 __ · _Ilat · 

Avg Avg 1 
Soil 

T 

Tip Fricfion Soll 
crasslflcallon Qc tsf Ratio % 

66,25 
8!1.18 
77.73 
92.53 
93,95 
77.88 
74.47 
52.73 
18.49 
13,75 
12.39 
10.98 
13.51 
14.72 
16.58 
17.99 
18.67 
19.02 
20.58 
17,46 
15.45 
13.93 
13.83 
18.01 
18.70 
16.01 
17.39 
14.93 

-15.49 
18.22 
22.11 
19.85 
19.77 
18.38 
17,64 
25.50 
32.47 
13.48 
18.41 
22.07 
24,57 
28.18 
23.24 
22.86 
26.25 
25.11 
22.18 
21.09 
23.54 
21 .31 
18.21 
15.91 
13.54 
11.78 . 

14.49 
16.02 
15.04 
20.59 
16.05 
44.48 
27.03 

2.04 7 1 Siity Sand to Sandy SIil 
2.75 6 6 Sandy Sill to Clayey Sill 
1.95 7 7 Silty Sand to Sandy Silt 
1.60 7 7 Silty $and to Se.ndy Sill 
2.02 7 7 Silty sand to Sandy Silt 

. 2.40 7 7 Silly Sand t~ Sandy Slit 
2.39 6 6 Sandy Sill to Clayey Silt 
2:e~ 6 6 Sandy Silt to Clayey Silt 
5.55 3 3 Clay 
5.02 3 3 Clay 
5.11 3 3 Clay 
5.45 3 3 Clay 
4.77 3 3 Clay 
5.56 3 3 Clay 
5.71 3 3 Clay 
5.72 3 3 -Clay 
5.21 3 ' 3 Clay 
5.07 3 3 ·cIay 
4.59 3 3 Clay 
4.91 3 3 Clay 
4.14 3 3 Clay 
3.63 4 4 Silty Clay to, Clay 
4.23 3 3 Clay 
4.65 3- 3 Clay 
5.93 3 3 Clay 
5.35 3 3 Clay 
5.15 3 3 Clay 
s.20 3 3 Clay 
4.86 3 3 Clay 
4.65 3 3 Clay 
4 •. 64 3 3 Clay.-
4.92 3 . 3 Clay 
4.96 3 3 Clay 
5.96 3 3 Clay 
5.69 3 3 Clay 
4.80 3 3 Clay 
3.36 5 5 Clayey Sill to Silty Clay 
4.36 3 3 Clay 
4.55 3 3 Clay 
5.36 3 3 Clay 
5.-40 3 3 Clay 
6.13 3 3 Clay 
6,19 3 3 Clay . 
5.55 3 3 Clay 
6.97 3 , 3 Cl,iy 
6.17 3 3 Clay 
6.48 3 3 Clay 
6.24 3 3 Clay 
7.51 3 3 Clay 
8.90 3 3 .-Clay 
6.87 3 3 Clay 
6.78 3 3 Clay 
5.59 3 3 Clay 
5.53 .3. 3 -Clay 
5.58 3 3 Clay 
5.84 3 3 Clay 
5.37 3 3 Clay 
5·_9e 3 3 Clay 
6.66 3 3 Clay 
3.37 5 5 Clayey Silt to Silty Clay 
5.86 3 3 Cla 

Phi Correlaljon: 0 o-
Eat. Qc Cn 

Qerislty !)r • penslty. to SPT or 
USC Conslaten . N N 60 C 

SM/ML very d_ense 
ML v_e_ry dense 
SM/ML very dense 
SM/ML very dense 
SM/ML very dense 
SM/ML very dense 
Ml depse 
ML dense 
CUCH vary s,tlff 
CUCH stiff 
CUCH stiff 
CUCH stiff 
CUCH stiff 
CUCH stiff 
CUCH stiff 
CUCH very allff 
CUCH very stiff 
_CUCH · veryatiff 
CUCH very stiff 
CUCH stiff 
CUCH stiff 
CL stiff 
CUCH atlft 
CUCH very stiff 
CUCH very stiff 
CUCH v_ary stiff 
CUCH sUff • 
CUCH stiff 
CUCH stiff · 
CUCH . vety stiff 
CUCH vary a\iff 
CUCH v~rpilff 
CUCH very stiff 
CUCH very stiff 
CUCH stiff 
CUCH, verysllff 
MUCl very allff 
CL/CH stiff 
CUCH very stiff 
CUCH very stiff 
CL/CH -very allff 
CUCH very stiff 
CUCH ' very stiff 
CUCH very stiff 
CL/CH ~ery stiff 
CUCH very stiff 
CUCH very stiff 
cuci=t very siiff 
CL/CH very stiff 
CUCH very stiff 
CL/CH very stiff 
CL/CH &tiff 
CL/CH ,stiff 
CL/CH stiff 
CUCH eUff· 
CUCH stiff 
CUCH ' stiff 
CUCH very stiff 
CL/CH stiff 
ML/CL hard 
CL/CH ve s11 

115 4.5 15 2.00 
115 3.5 25 2.00 
115 4.5 17 2,00 
115 4.5 21 2,00 
115 4,5.' 21 2.00 
115 4.5 17 2.00 

· :115 3.5 21 2.00 
115 3.5 15' 2.00 
125 1.3 15 2.00 

. · 125 1.3 11 1.95 
125 1.3 10 1.85 
125 1,3 9 1.77 
,25 1.3 11 1.68 
125 1.3 12 1.62 
125 1.3 13 · 1.58 
125 - 1.3 14 1:51 
125 1.3 15 1.48 
125 1.3 15 1.42 
125 1.3 16 . 1.38 
125 ·1.3 14 1.34 
125 1.3 · 12 1.32 
125 1,8 B 1.31 
125 1.3 11 1.29 
125 1.3 14 1.27 
125 .1.3 15 1.28 

' 125 1.3 14 . 1.24 
125 1,3 14 1;23 
125 1.3 ·12 1.22 
125 , 1,,3 12 1.20 
125 1.3 15 1.19 

·.-125 -. 1.3 18 1.18 
125 1.3 16 1,1·1 
125 1.3 16 1.16 
125 1.3 15 1._14 
125 1.3 14 1.13 
125 1.3 20 1-.12 
120 2.5 13 1.11 
1~5 ' 1.3 11 1.10 
125 1.3 ,15 '1.09 
-125 1,3 18 1.08 
125 1.3 - 20 1.07 

· 125 1,3 21. 1.07 
,125 1;3'. · 19 1.06 
125 1.3 16 1,05 
125 1.3 21 1.04 
125 1.3 · 20 1-.03 
1_25 1.3 18 1.02 
125 1.3 17 . 1.02 
125 1.3 19 1.01 
125 1.3 17 1.00 
125 1.3 ·15 0.99 
125 1.3 13 · 0.99 
125 1,3 11 0.98 
125 · 1.3 .. 9 .0.97 

·125 1.:f 12 0.97 
125 1,3 13 0.96 
125 1.3 12 0.95 
125 1.3 16 0.95 
125 .1.3 13 0,94 
120 2.5. 18· 0.93 
125 1,3 22 0.93 

Norm. % Dims. 
Qc:10 Fines Dr % 

125.2 35 122 45 
188._? 35 114 44 
146.9 30 103 42 
174.9 25 103 ' 42 
177.6 25 • 100 42 
1·4~.6 35 91 41 · 
140.8 35 86 40 
99.7 45 75 39 

80 
100 
100 
100 
95 
100 
95, 

~5 
90 
90 
85 
_95 
85 
100 
100 
95 
100 
1_00 
100 
100 
100 
100 
95 

100 
100 
100 
100 
95 
75 
100 · 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

' 100 
100 
100 
100 
:100 
100 
100 
80 
100 

OCR 

1.07 ,-10 
0.79 >10 
0.71 >10 
0.63 >10 
0.77 >10 
0,84 >10 
0.95 . ,-10 
1.03 >10 
1.07 >10 
1.09 >10 
1.18 >10 
0.99 >10 
0.87 >10 
0.78 >10 
0.76 8.56 
1.02 >10 
1.06 >10 
1.02 >10 
0.98 ,-10 
0.84 8.00 
0.87 8.27 
1.03 >10 
1.26 >10 
1.12 >10 
1.12 >10 
1,03 9.39 
0.89 8.41 
1.45 >10 
1.86 >10 

·o.74 4 .88 
1.03 8.00 
1.25 >10 
1.39 >10 
1.49 >10 
1.31 >10 
1.28 >10 
1.49 >10 
1.42 >10 
1.25 8.70 
1.18 7.85 
1.32 -9.39 
1.19 7.58 
1.01 5.85 
0.87 4.37 
0,73 3.43 
0,83 2.73 
0.79 3.58 
0,87 4.09 
0,62 3.66 
1.14 5.B8 
0.67 3.63 
2.54 >10 
1.52 8.85 
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LANDMARK CONSULTANTS, INC, 

CONE PENETROMETER INTERPRETATION (based on Robertson & Campanella, 1989, refer to Key to CPT logs) 

e.ct ~Q; LEQZl za Qate; 05lQ2 

Phi Colrelal!on: 0 0-Scllm 8) 1-R&C: 
- · 

Base 8a1& AvQ E&l Qc Cn Est. Rel. Nk: 7. 

Depth Depth FricUon Soil Soll Density lo SPT or Norm. % Phi Su 

l]!!_e 8 l~I Reflo %____IY.l?_e ___ C e5 lncatlo N N eo C Qc1n OCR 

9.45 31.0 24.88 4.56 3 3 Clay ·cucH very atiff .-. 125 1.3 20 0.92" 100 1.39 7.41 

9.60 31 .5 17.85 4.68 3 3 Clay ."CUCH .!itlrt 125 1.3 14 0.92 100 0.98 4.15 
117!i 1?0 ?.1 .41 4.l!R ~ ~ Ch•y Cl/CH v,ory Aliff 125 1.3· 17 0,91 100 1.19 5,53 

9.90 32.5 19.94 5.01 3 3 Clay CUCH' very stjff , 125 1.3 16 0.91 100 1.10 4.78 

10.05 33.0 21 .87 6.03 3 3 Clay CUCH very stlJt 125 1.3 17 0.90 100 1.20 5.42 

10.20 33.5 17.09 5.96 3 3 Clay CUCH stiff 125 1.3 14 0.89 .100 0.93 3.66 

10.38 34.0 13.75 5.92 3 3 Clay CUCH stiff 125 1.3 11 0.89 100 0.73 2.65 

10.53 34.5 14.75 5.27 3 3 Clay CUCH atilt 125 1.3 12 0.88 100 0.79 2.91 

10.68 35.0 17.80 4.91 3 3 Clay CUCH etlff 125 1.3 14 0.88 -100 0.97 3.66 

10,83 35.5 19.50 4:45 3 3 Clay CUCH very stiff. 125· 1.9 '1(> 0.87 100 1.07 4.18 

10,98 36,0 20.08 4:23 4 4 Silty Clay to Clay CL :very_ &tiff 125 1.8 11 0.87 100 1.10 5,53 

11 .13 36.5 23.73 5.01 3 3 Clay CUCH very_ atilt 125 1,3 19 0,86 100 1.31 5,53 

11 .28 37,0 · · 28.37 5.33 3 3 Clay CUCH Vl!ry &lift 125 1.3 21 0.86 100 1.47 6.43 

11.43 37.5 29.22 5.23 3 3 Clay CUCH very Stiff 125 1.3 23 0.85 100 1,63 7.56 

11 .58 38.0 28.26 4.00 4 4 SIity Clay to Clay CL very stiff 125 1.8 16 0.85 100 1.58 9.39 

11.73 38.5 26.29 3.86 5 5 Clayey Silt to Silty Clay ML/CL varysliff 120 .2.5 11 0.85 100 1.46 >10 

11 .88 39.0 24.88 3.18 5 5 Clayey Silt to Silly Clay MUCL very sliff 120 2.5 10- 0.64 100 1.38 >10 

12.05 39.5 23.82 3.00 5 5 Cl~yey Slit to Siliy Clay ML/CL vary stiff 120 2.5 9 0.84 100 1.30 9.00 

12.20 40.0 21.78 2.80 5 5 Clayey S~t 1(1 Silty Clay ML/CL very stlfY 120 2.5 9 0.83 100 1.19 7.56 

12.35 40.5 17.57 2.75 5 5 Clayey Sill to Silty.Clay MUCL stiff 120 2.5 7 0.83 100 0.94 5.21 

12.50 41 .0 19.10 2.38 _5 5 Clayey Slit to Silty Clay MLJCL vary stiff 120 2.5 8 0.83 100 1.03 5.88 

12.65 41.5 22.54 2.42 5 .5 Clliye9' Sil! to Sllty Clay MUCL very sllll 120 2.5 9 t>.82 100 1.23 7.70 
12.80 42.0 23.41 3.23 5 .5 ' Clayey Sill to Silty Clay , MUCL very &liff · 120 2.5 9 0,82 100 1.28 8.14 

12.95 42.5 22.05 3.0B 5 5 Clayey Slit to Silty Cl~y MUCL very stiff 120 2.5 9 0.81 100 1.20 7.13 

13.10 43.0 21.46 2.78 5 5 Clayey Sill to Silty Clay MLJCL very stiff 120 2.5 9 0.81 100 1.17 6.65 

13.25 43.5 22.21 3.76 4 4 Silty Clay to Clay - CL very s1iff 125 1.8 13 0.81 100 1.21 5.10 

13.40 44.0 22.69 3.76 4 4 Silty Clay to Clay CL very stiff 125 .1.8 13 0.80 100 1.24 5.21 

13,58 44.5 25.69 2.81 5 5 Clayey Silt lo Silty Clay MLJCL very stiff 120 2.fi 10 0.80 100 1.'f1 '6.85 

13,73 45.0 26.50 2.66 5 5 . Cl,1yey SUI to Silty Clay MUCL v_ery_stiff 120 2.5 11 Q.eo 100 1.46 9.19 

13.88 45.5 25.22 2.66 5 5 Clayey Sill to Silty Clay MUCL very stiff 120 2.5 ·10 0.79 100 1..:!8 8.27 

14.03 46.0 24.83 3.10 5 5 Glayey SIT! to $illy Clay MUCL veryatilf 120 2.5 10 0.79 100 1.36 7.85 

II ::.!: 48.5 1!!.!!!! 2.93 5 5 Clayey Silt!!! Si!ty C!!y MUCl ve!'J stiff" 120 2.5 · e IJ.71J 100 1 _n1 4,f}(l 

47,0 18.43 2.84 5 5 Clayey Sill to Silly Clay MLJCL very stiff 120 2.5 8 0.78 100 1.04 5.00 

14.46 47.5 22.40 3_.03 5 5 Clayey Silt to Silty Clay MUCL verylillff .120 2.5 9 0;78 . 100 1.22 6.32 

14.63 4B.O 23.12 2,75 5 5 Clayey SIil to Silty Clay MLJCL very stiff .120 2.5 9 0.78 100 1.26 6,54 

14.78 48.5 18.94 1.38 6 6 Sandy SIii to Ch1yey Silt ML very loos1;1 115 3,5 5 0.77 · 1~.8 100 14 30 

14.93 49.0 18.77 1.78 6 6 Sandy Silt to Clayey Silt ML very loose 115 3.5 5 0.77 13.7 100 14 30 

15.00 40.5 21.59 2.73 5 5 Clayey Silt to Silty Clay MLJCL , vary stiff 120 2.5 9 0.77 100 1.16 5.65 

15.25 50.0 23.82 3.12 5 5 Cle. e Slit to SIi Cla MUCL VB stiff 120 2.5 10 0.76 100 1.29 -8.54 
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CLIENT: Ormat Nevada 
PROJECT_: _Heber South Plant -- Heber, CA 

LOCATION: See Site and Sorin Location Plan 

CONE PENETROMETER: HOLGUIN, FAHAN & ASSC. Truck Mounted Eleclric 

Cone with 23 ton reaction weight 

DATE: · 05/02/07 

INTERPRETED SOIL . PROFILE 
From Robertson & Campanella (1989) 

SM/ML 

SP/SM V 

SM/ML 
Clay CUCH 
Clay 

· Clay etif( 
Clay eliff 
Clay stiff 
Clay . •. V9/y 9Uff 
Silly Clay .to Clay CL stiff 
.SIiiy Clay to Clay stiff 
Silly Cley to Clay very stiff 
Clay CUCH stiff 
Clay very stiff 
Clay ve,y stiff 
Clay V"'}'sliff 
Clay very stiff. 
Clay very"stlff 
Clay verysliff 
Clay .very stiff 
Clay verysUff 
Clay 1tlff 
S~ty Clay lo Clay CL hafd 
Clay CUCH very stiff 
Clay . . very sllff 
Clay • " very eliff 
Clay very stiff 
Clay very stiff 
Clay very stiff' • 30 
Clay very &tiff 
Clay \, . very 11iff 
Clay very sUff 

. Clay very stiff · 
very stiff 

• CL Ve<'( stiff 
very stiff 
vory stifl 

Clayey SIil lo Silly Clay MUCL very stiff 
Clayey Sil_l to Silly Clay very sliff 
Clayey Silt to Si_lly Clay ·hard 

0 

LOG OF CONE SOUNDING DATA CPT-2 
TIP RESISTANCE SLEEVE FRICTION FRICTION RATIO - - Qc(tsf) Fs (19') FR= Fs/Qc (%) 

IUO :.wo ~00 400 o 2 4 6 8 0 2 4 6 

-1-----------+------I 

·=i--= .------+-------4 --·-

-,--

+
·-t-

1 _,.___ 

I 

. j __ , 

i 
__ , _L, , - -
. ' ' I i I ' 

- L ... , . . _., 

_ .,___: 

. 

8 

Clayey Slit to SIily Clay . ,, 
very_stlff ,_._ 

Clayey Sill lo SIiiy Clay " 
Clayey Sill to Silly Clay 
Clayey Silt lo Silly Clay 
Clayey Silt to Silly Clliy " " 
Clayey Sijl lo Silly Clay 
Clayoy Slit 10 SIiiy Clay 
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LANDMARK CONSULTANTS, INC. 

CONE PENETROMETER INTERPRETATION ·(based on Robertson & Campanella, 1989, refer to Key to CPT !ogs) 

0.15 0.5 65,14 
0.30 1.0 120.36 
0.45 1.5 72.28 
0.60 2.0 118,67 
0.75 2.5 138.05 
0.93 3,0 117.13 
1.06 3,5 81.23 
1.23 4.0 74.63 
1.38 4,5 34.90 
1.53 5.0 13.75 
1.68 5.5 7.57 
1.83 6,0 5.99 
1.98 6.5 9.47 
2.13 7.0 11.69 
2.28 7.5 14.81 
2,45 8.0 13.05 
2.60 8.5 13.41 
2.75 9,0 15.40 
2.90 9,5 16.24 
3.05 10.0 17.49 
3.20 10.5 16.07 
3 35 11 .0 13.34· 
3.50 11.5 12.52 
3.85 12.0 18,93 
3.80 12,5 31.15 
3.95 13,0 19,46 
4.13 13.5 17.74 
4.28 14.0 17.58 
4.43 14.5 21.21 
4,58 15.0 20.43 
4.73 15.5 20.79 
4 .!I~ 1~.0 
5.03 16.5 
5.18 17,0 
5.33 17.5 
5.46 16.0 
~.65 18.5 
5.80 19.0 
5.95 19.5 
6.10 20,0 

13 'ti 20.t\ 
6.40 21.0 
6.55 21 .5 
6.70 22.0 
6.85 22.5 
7.00 23.0 
7.18 23.5 
7.33 24.0 
7.48 24.5 
7.63 25.0 
7.76 25.5 
7.93 28,0 
6.06 26.5 
6.23 27.0 
8.36 27.5 
6.53 28,0 
6.68 28.5 
8.85 29.0 
9.00 29.5 
9.15 30.0 
9.30 30,5 

18)clll 

23.41 
23.59 
23.27 
22.19 
20.81 
15.78 
16.06 
22.81 
2tl.53 
28.99 
24.82 
16.48 
1B.41 
15.98 
46.63 
47,09 

23.27 
21.09 
21.71 
19.90 
20.78 
21.9B 
20.73 
20.36 
19.99 
18.33 
17.78 
29,76 
25.36 

Avg 
FricUon 
Rallo % 

Soil 
T 

1,61 7 7 
2.66 7 7 
2.13 7 7 
1.12 8 8 
1.48 8 8 
1.76 7 · 7 
2.12 7 7 
2.12 7 7 
3.90 5 5 
5.45 3 3 
7.44 3 3 
6.88 3 3 
4.51 3 3 
4.84 3 3 
6.'37 ·3 3 
5,28 3 3 
5.40 3 3 
5.21 3 3 
4.66 3 3 
4.50 3 3 
4.15 3 3 
3.48 4· 4 
3.24 4 4 
3.91 4 4 
4.38 4 4 
4.78 3 3 
4.74 3 3 
4.34 3 3 
5.18 3 3 
4.83 3 3 
4.75 3 3 

Soil 
C!asslncalion 

Silty Sand to Sandy Sill 
SIity Sand to Sandy Slit · 
Silty Sand to Sandy Slit 
Sand to suiy Sand 
Send to Silty Sand • 
Silty Sand to Sandy Silt 
Silty Sand to Sandy Silt 
Silly $and to Sandy Sill 
ClayeY, Silt to Silly Clay 
Clay 
Clay 
Clay 
Clay 
Cla,y 

Clay 
Clay 
Clay 
Clay 
Clay 

Clay 
Clay 
-Silty Clay to Cla,y 
Silly Clay to Clay 
Silty Clay to Clay 
Silty Clay to Clay · 
Clay 

Clay 
Clay 
Clay 
Clay 
Clay 

5.75 '.3 
4.88 3 
5.34 3 
4.98 3 
5.13 3 
5.10 3 
4.92 3 
5.23 3 
6.58 3 
l;,31) 3 

6.06 3 
6.28 3 
pe 3 
5.89 3 
6.46 3 
4.62 4 
4.48 4 

1 Clay 
3 Clay 
3 Clay 

3 Clay 
3 Clay 
3 Clay 
3 · c1ay 

3 Clay 
3 Clay 

3 
3 
3 

3 
3 

3 
4 
4 

Cl~-Y 
Clay 
Cfay 
Clay 
Clay 
Clay 

4.67 3 ' 3 

Silty Clay to Clay 

SUly,C!ay lo Clay 
Clay 

5.34 3 
5.85 3 
5.47 3 
5.59 3 
5.44 3 
5.53 3 
5.62 3 
6.11 3 
5.49 3 
6.27 3 
5.18 ,3 
6.14 3 

3 
3 

3 
3 
3 

Clay 
Clay 

Clay 

Clay 
Clay 

3 · Clay 
3 Clay 
3 · Clay 

3 

3 

3 

3 

Clay 
Clay · 

Clay 
Cla 

USC 

Density or 
Con~fsten 

SM/ML very dense 
SM/ML very dense 
SM/ML very den,e . 
SP/SM very dense 
SP/SM very dense 
SM/ML very dense 
SM/ML very dens_e 
SM/ML dense 
MUCL hard 
CUCH stiff 
CUCH firm 
CUCH firm 
CUCH stiff 
CUCH s~ff 
CUCH 
CUCH 
CUCH 
CUCH 
CUCH 
CUCH 
CUCH 
CL 
CL . 

CL 
CL 

CUCH 
CUCH 
CUCH 
CUCH 
CUCH 
CUCH 

stiff . 

stiff 
Stiff 
stiff 
very slilf 

stiff 
&lift 
stiff 
stiff 
very stiff 
very stiff 

very stiff 
very"atiff 

sllff 
very sliff 
very sliff 

very stiff 
CUCH very @tiff 

CUCH very stiff 
CUCH v~ry stiff 
CUCH very &l!ff 
CUCH very. &tiff 

Cl/CH very stiff 
CUCH stiff 

. CUCH stiff 
CIJCH very Stiff 
G ICH very ~tiff 
CUCH very sUff 
CUCH vary atiff 
CUCH very stiff. 
CU.CH veiy aliff 
CUCH stiff 
CL ·hard 
CL hard 
CUCH very· stiff 
CUCH very sliff ' 

ClJC!i very stiff 
CUCH very stiff 

CUCH very stiff 
CUCH very stiff 
CUCH very stiff 
CUCH very aUff 
CUCH · very stiff 
CUCH very stiff 
CUCH stiff . 

CUCH . very etilf 

CL/CH ve sUrt 

Oal '(./ 

Phi Corr~Lallo .i_Q_ 0-Sdlm[?!),_l·R&C 83 . •PHT\74 
Eat. Qo Cn Est. Rel. Nk: 17.0 

Density to SPT or 
N N60 C 

Norm. 
Qc1n 

115 4.5 19 2.00 181.0 25 
115 ,(5 27 2.00 227.5 30 
115 . 4.5 16 2.00 136.6 30 
115 5.5 21 2.00 220.6 15 
115 5.5 25 2.00 261.0 15 
115 4.5 26 2.00 221.4 20 

' 115 · 4.5 18 2.00 153.5 30 
115 4.5 17 2,00 141 .1 30 
120 2.5 14 2.00 60 
125 1.3 H 1.96 100 
125 1.3 6 1.86 100 
125 1.3 5 1.77 100 
125 1.3 8 1.89 100 

· 125 1.3 9 1.63 100 
125 1.3 12 _1.57 95 
·125 1.3 10 1.51 100 
125 1.3 11 1.46 100 
125 1.3 12 1.42 100 
125 1.3 15 1.38 90 
125 1.3 14 1.34 95 
125 1.3 13 1.32 95 . 
125 1.8 8 1.31 95 
1.25 1.B 7 1.29 100 
125 1.8 11' 1.28 90 

·-125 1.8 18 -1.28 75 
125 1,3 16 1,25 .95 
125 1.3 14 1.23 100 
125 1.3 14 1 22 100 
125 1.3 17 1.20 100 
125 1.3 16 1.19 100 
125 1.3 17 1.18 100 
125 1 'J. 15 1.17 
125 1.3 19 1.16 
125 1.3 ·19 1.14 
125 1.3 19 1.13 
·125. t.3 18 1.12 
125 1.3 17 1.11 
125 1.3 1~ ·1.10 
125 1.3 13 1.09 
125 1.3 18 1.08 
125 · 1.3 23 1.07 

, 125 1.3 23 1:07 
125 1.3 20 ~.08 
1°25 1.3 16 1.05 
125 1,3 15 1.04 
125 1.3 13 1.03 

. 125 1.8 : 27 1.02 
125 . 1.8 27 1.02 
125 1.3 19 1,01 
125 1.3 17 1.00 
125 1.3 17 0,99 
125 1.3 16 0,99 
125 1.3 17 0.98 
125 1.3 18 0,97 
125 1.3 17. 0.97 
125 1.3 16 0.96 
'.125 1.3 16 0.95 
125 1.3 15 0.95 
125 1.3 14 6.94 
125 D 24 0.93 
125 1.3 20 0.93 

1QQ 

95 
100 
100 

100 
100 
100 
100 
100 
101) 

100 
100 
100 
100 
100 
80 
1!10 

100 
100 
100 
100 
100 
100 
100 
100 
100 

,100 
100 
100 

. 100 

130 
124 
101 
110 
111 
104 
90 
86 

46 
45 
42 
43 
44 
42 
41 
40 

2.04 
0,79 
0.43 
0.33 
0.54 
0.66 
0.85 
0.74 
0.76 
0.88 
1.04 
0.99 

0.91 
0.75 
0.70 
1.08 
1.79 
1.10 
1.00 
0.99 
1.20 
1.16 
1.18 
1.0? 
1.33 
1.34 
1.32 

1.26 
1.17 
0.88 
0.89 
1.29 

oc 

>10 

>10 
>10 
6.10 
>10 
>10 
>10 
>10 
>10 
>10 
>10 
>10 
>10 
>10 
9.79 
>10 
>10 
>10 
>10 
>10 
>10 
>10 
>10 
>10 
>10 
>10 
>10 
>10 
>10 
6,32 
6.32 
>10 

1.62 >10 
1.65 >10 
1.40 >10 
1.03 6.88 
1.03 6,65 
0.88 5.10 
2.68 >10 
2.71 .. 10 
1.31 9.00 
1.18 7.41 
1.21 7.56 
1.11 6.32 
1.16 6.65 
1.23 7.13 
1.15 6.32 
1.13 6,00 
1.11 5.76 
1.01 4.89 
0.96 4.47 
1.68 >10 
1.42 7.85 
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·LANDMARK CONSULTANTS, INC. 

CONE PE~ETR(?METER INTERPRETATION . (base~ on R~berteon & Campa~ella, 19.89, refer to Key to CPT logs) 

l.Eltfl; Q5LQ2l!J.Z 

Esl.GWT n ; Phi Correlallon: 0 0-6 8 1•R 
Base Base Avo Avg Eat. Qc Cn Est. Rel. - ·- Nk: 17. 
Deplh Depth Tip Friction Soil Soil Density or Density ~0 SPT or Norm. Dens. Phi 
mel&s feet ac tsr Ratio% T 9 Clessifica1.lon USC Conslsten N N60 C .9c1n OCR 

9:45 31 .0 , 25.65 6.08 3 3 Clay CUCH very eliff 125 1.3 21 0.82 100 1.44 7.85 
8.80 31.5 24.88 6.11 3 3 Cl~y Cl/CH · very stiff 125 1.3 _20 . 0.92 100 1.40 7.27 
9.75 32.0 24.42 5.93 3 3 Clay CL/CH vetysliff 1~5 1.3 20 . 0.81 100 ·1.36 6.88 
9.90 32.5 25,69 5.42 3 3 Clay Cl/CH very stiff- 125 1.3 21 0.90 100 1.43 7.27 

10.05 33.0 26.43 5.06 3 3 Clay Cl/CH verysiiff • ·125. 1:3 21 0.90 100 V16 7.56· 
10.20 33.5 24.95 5.31 3 . 3 Clay CUCH very sliff 12fi 1.3 20 0.89 100 1.39 6,65 
10.36 34.0 22.88 5.82 3 3 Clay Cl/CH very sliff 125 1.3 18 0.89 100 1.27 5.65 
10.53 34.5 25.51 5.40 3 3 Clay CUCH very $tiff 125 1.3 20 0.68 100 1.42 6,65 
10.68 35.0 27.31 4.56 4 4 Silly Clay to Clay CL veryaHff 125 1.8 18 .0.88 100 1.53 >10 
10.83 35.5 30.04 4.55 4 4 Silty:C1ay tc, Clay CL verystiff · 125 1.8 17 0.87 100 1.69 >10 

. 10.98 36.0 29.52 ' 4.52 4 4 SIity Clay to ClaY, CL verysliff 125 1.8 17 0.87° 100 . 1.85 >10 
11.13 36.5 30.25 4.84 4 4 , SIity Clay to Clay CL very stiff . 125 1.8 17 ·o.86 · 100 1.70 >10 
11.28 37.0 29.39 4.68 4 4 Silty Clay to Clay CL very stiff 12li 1.8 17 0.86 100 1.64 >10 
11.43 37.5 27.60 4.22 4 4 Silly Clay to Clay CL . very stiff 125, 1,8 16 0.85 100 1.54 9.00 
11.58 38.0 27.92 4.11 4 4 Silty Clay to Clay CL ve,ry stiff_ 12& 1.8 16 0.85 · 100 1.56 9.00 
11 .73 38.5 28.57 3.77 5 5 Clayey Slit to SIiiy Clay Ml/CL very stiff 120 2.'5 11 0.85 100 1.59 >10 
11.88 39.0 24.62 3.37 5 5 Clayey Slit to Silty Clay ML/CL very stiff 120· 2.5 10 0.84 100 1.36 >10 
12.05 39.5 22.28 3.04 5 5 Clayey SIii to Silty Clay Ml/CL very stiff • ·120 2.5 9 0.84 100 1.22 8.00 
12.20 40.0 24.64 3.45 5 5 Clayey Slit to SIity Clay MUCL very stiff 120 2.5 10 0.83 100 1.36 9.59 
12.35 40.5 41.78 4.14 5 5 Clayay Silt to Silty Cfay MlJCL herd 120 2.5 17 0.63 95 2.37 >10 
12.50 41 .0 64.96 3.22 6 6 Sa_ndy Silt to Clayey Slit ML medium delllle· 115 · 3.s · 19 (l.83 50.7 70 52 35 
12.65 41 .5 32.37 3.75 5 5 · Clayey SIil to SIity Clay· ML/CL very sliff 120 2.5 13 0.82. 100 1.81 >10 
12.80 42.0 22.75· 3.82 4 4 Silty Clay.to Clay_ CL very stiff 125 1.8 13 · 0.82 100 1.25 5.53 
12.95 42.5 22.78 3.20 ' 5 5 Clayey Sfll to Silty Clay MIJCL very stiff 120 2.5 9 0.81 100 1,25 7.58 
13.10 43.0 19.79 3.62 4 4 SIity Clar to .Clay Cl:. very l!Uff 125 1.8 11 0.81 100 1.07 4.28 
13.25 43.5 23.86 3.91 4 4 Silty Clay to Clay CL very stiff 125 1.8 14 0.81 100 1.31 5.76 
13.40 44.0 24.93 3_. 00 5 5 Clayey Silt to Silty Clay MUCL v11rystiff - 120 2.5 10 0.80 100 1.37 8.41 
13.58 44.5 ~3.46 2.65 5 5 Clayey Slit to SIity Clay MUCL .verysUff 120 2.s·· 9 o._eo 100 1.28 7.41 
13.73 45.0 21 .13 2.78. 5 5 Clayey Sill to Silty Clay ~UCL very sUff -. 120 2.5 8 0.80 100 1.14 6.10 
13.88 45.5 19.10 2.73 5 5 Clayey Slit to Silty Clay MUCL vary stiff 120 2.5 e 0.79 100 1.02 5.10 
14.03 46.0 19.63 2.23 5 5 Clayey Slit to Silty Clay MUCL very still' 120 -2.5 8 0.79 100 1 .. 08 5.31 
14.18 46.5 18.74 2.12 5 5 Clayey Silt to Silty Clay MU.CL veryi,tlff 120 . 2.5 7 0.'79 100 1;00 4.78 
14.33 47.0 18.93 2.49 5 5 Clayey .Slit to Silty Qlay MLJCL very stiff 120 2 .5 8 .0.78 100 1.01 4.78 
14.48 47.5 18.85 2.42 5 5 Clayey Slit to Sllty Clay MUCL very stiff 120 2.5 8 0.18 100 1,01 4.66 
14.63 48.0 17.53 2.38 5 5 Clayey Slit to Silly Clay MLJCL stiff 120 2.5 7 0.78 100 0.93 4.09 
14.78 48.5 16.01 2.08 5 5 Clayey Silt to SIity Clay MLJCL • sliff 120 · 2.s . , e 0,77 100 0.84 3.58 
14.93 49,0 20.91 1.36 6 6 Sanely Slit to Clayey Slit ML ·very loose 115 3.5 6 0.,77 15.2 100 17 . 30 
16.09 49.5 17.29 1.76 8 8 Sandy Sill IQ Cl,eyey Sill ML very loose ·115 ~ .5 5 0.77 12.5 100 11 30 
15.25 50.0.· 13.85 1:9e s 5 . Cla e S lt]L$l~QID"~UCL allff 120 2.6 8 0.78 100 0:71 2.82 



EEC ORIGINAL PKG

j 
-..,100 

1:7' 

10 

9 

8 
j 7 
.E 6 

~ 5 
g 4 
~ 3 0 

2 

1 

0 

Simplifi'd Soil ·c1assificatioo Chart 
After Robertson & Campanell.a ( 1989) 

GJloJ: c.b I @l Parameter&.fmm._C..e:r..o. m:. 
Equivalent SPT N(~O) biow co_unt = Qc/(Qc/N Ratio) · 
N1J60) = Cn•N(60) Normalized SPT blow count 

- ------·------ .. ---
-~·-· ---
-

2 3 4 5 6 
FRICTION RATIQ . (%) 

7 8 

Cn = 1/(p'o)"0.5 < 1.6 rriax. from Liao & Whitman (1986) 

p'o " effective overburden pressure (Isl) using unit densities 

given below and estimated groundwater table. 

Dr" Relatlve densily (%) from Jamlolkowski et. al. (1986) relationship 

· ,., -98 ·+68•1og(Qc/p'o"0.5) where Qc, p'o in tonne/sqm 

Note: 1 tonne/sqril"' 0.1024 !sf, 1 bar=1.0443 tsf 

Ph.I= Frfotlon·A_ngle estimated from either: 

.. 1. Roberton & Campanella (1983) chart 
Phi;,; ~(3 + 24*(1~g(Qc/p'o)l+3(1og(Qc/p'o))"2 

2. Peck, Hansen & Thornburn (1974) N-Phi Correlation 

3. Schmertman (1978) chart [Phi= 28+0.14*Dr for fine uniform sands] 

Su= undrained shear strength (tsf) 

= (Qc-p'o)/Nk where Nk varies from 10 to 22, 17 for OC clays 

OCR= Overconsolidation Ratio e&tlll)ated from Schmertman (1978) 

chart using Su/p'o ratio and estimated normal consolidated Su/p'o 
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Table of Soll T pes and Assumed Properties 
Soil Density R&C Adopted Est. Fines D50 Su 

Classification ucs (pcf) Qc/N Qc/N Pl (%) (mm) {Isl) 

Sensitive fine grained ML 120 2 2 NP-15 65-100 0.020 0-0.13 

Organic Malerial OUQH 120 1 1 0,13-,<!5 

Consistency 

very soft 

soft 

3 Clay CUCH 125 1 1.25 25-40+ 90-100 0.002 0.25-0.5 firm 

4 Silty Cfay to Clay CL .1?5 

5 Clayey Silt to Silty Clay MUCL 120 

6 Sandy Silt to .Clayey Slit ML 115 

7 Silty Sond_ to Sondy Silt SM/ML 116 

8 Sand to Silty Sand SP/SM 115 

9 Sand SP 110 

10 Gravelly Sand to Sand SW ·11.5 

11 Overconsolidaled Soil 120 

12 Sand to Clayey Sand SP/SC 115 
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1.5 2 15-40 90-100 0.010 0.5-1 .0 

2 2.75 5-25. 90-100 0.020 1'.0-2.0 

2.5 3.5 NP-10 65-100 0.040 >2.0 

3 5 NP . 35-75 0.075 Dr(%) 

4 6 .. NP 5.35 0.150 • 0-15 

5 e:s· NP 0°5 0:300 15.35 

6 7.5 NP . 0-5 0.600 35.55 

1 NP 90-100 0.010 65-85 

2 2 NP-5 >85 

Key to CPT Interpretation of Logs 

stiff 
very stiff 

hard 

Relative Densit 

very loose 

loose 
medium dense 

dense 
very dense 
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January 101 2005 

Mr. Mike Collins 
ORMAT 
947 Dogwood Road 
Heber1 CA 92249 

Dear Mr. Collins: 

LANDMARK 
Ceo-Engineers and Ceo!og1s!s 

a DBE/MBEISBE Company 

Geotechnical Investigation 
New Turbine Generator and Cooling Tower 

Heber 2 Geothermal Plant 
Dogwood Road 

Heber, California 
LC/ Report No. LE04354 (2) 

780 N. 4th Street 
El Centro, CA 92243 
(760) 370-3000 
(760) 337-asoo fax 

77-948 Wildcat Drive 
Palm Desert, CA 92211 
(760) 360-0665 
(760) 360-0521 fax 

This geotecbnical report is provided for design and construction of the new turbine generator and 
cooling tower additions to the Onnat Heber 2 geothennal power plant located on Dogwood Road 
southwest of Heber, California. Our geotechnical investigation was conducted in response to your 
request for our services. The enclosed report describes our soil engineering investigation and 
presents our professional opinions regarding geotechnical conditions at the site to be considered in 
the design and construction of the project. 

This executive summary presents selected elements of our findings and recommendations only. It 
does not present crucial details needed for the proper application of our findings and 
recommendations. Our .findings, recommendations, and application options are related only through 
readl11g the full report, and are best evaluated with the active participation of the engineer of record 
who developed them. 

The findings of this study indicate that the site is predominantly underlain by clays of moderate 
expansion. 

The soil are highly corrosive to metals and contain sufficient sulfates and chlorides to require special 
concrete mixes (4,500 psi with a 0.45 maximum water cement ratio) and protection of embedded 
steel building components when concrete is placed in contact with native soil. If the native soils are 
replaced with imported granular soils with low sulfate and chloride content, no special concrete 
mixes are required. 

Evaluation ofliquefaci:ion potential at the site indicates that it is unlikely that the subsurface soil will 
liquefy under seismically induced groundshaking due to the nature of the soil ( clays soils 
predominate). No mitigation is required. for liquefaction effects at this site. 
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Foundation settlements are indicated on figures 2 thru 5. Differential settlement is estimated to be 
about of two-thirds of total settlement. 

We did not encounter soil conditions that would preclude development of the site for its intended use 
provided the recommendations contained in this report are implemented in the design and 
construction of this project. 

We appreciate the opportunity to. provide our findings and professional opinions regarding 
geotechnical conditions at the site. If you have any questions or comments regarding our :findings, 
please call our office at (760) 370-3000. 

----Respectfully Submitted, 
Landmark Consultants, /J 

n K. Williams, CEG 
Senior Engineering Geolo · st 

~~~ 

Distribution: 
Client (4) 

OS 
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Section 1 
INTRODUCTION 

1.1 Project Description 

This report presents the findings of our geotechnical investi2ation for the proposed additions to the 
Ormat Heber 2 geothermal power plant located on Dogwood Road southwest of Heber, California 
(See Vicinity Map, Plate A-1 ). The proposed development will consist of the addition of one ( 1) 
turbine/generator set and one (1) cooling tower. A site plan for the proposed power plant 
improvements was not made available to us at the time that this report was prepared. 

Small structures may be are planned for electrical control panels, consisting of masomy or panelized 
concrete construction. Expected footing loads are estimated at I to 2 kips per lineal foot for the 
small structures. Expected plant components, cooling tower and turbine/generator columns loads 
range from 5 to 400 kips. If structural loads exceed those stated above, we should be notified so we 
may evaluate their impact on foundation settlement and bearing capacity. Site development will 
include foundation support pad preparation and underground utility installation. 

1.2 Purpose and Scope of Work 

The purpose of this geotechnical study was to investigate the upper 50 feet of subsurface soil at 
selected locations within the site for physical/engineering properties. From the subsequent field and 
laboratory data, professional opinions were developed and are provided in th.is report regarding 
geotechnical conditions at this site and the effect on design and construction. The scope of our 
services consisted of the following: 

► Field exploration and in-situ testing of the site soils at selected locations and depths. 
► Lnbomtory testing for physical prope1ties of st:lt:cled samples. 
► A review of the available literature and publications pertaining to local geology, 

faulting, and seismicity. 

► Engineering analysis and evaluation of the data collected. 
► Preparation of this report presenting our findings, professional opinions, and 

recommendations for the geotecbnical aspects of project design and construction. 

Landmark Consultants, Inc. Page I 
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This report addresses the fo1lowing geotechnical issues: 

► Subsurface soil and groundwater conditions 
► Site geology, regional faulting and seismicity, near source factors, and site seismic 

accelerations 
► Liquefaction potential ~d its mitigation 
► Expansive soil and methods of mitigation 
► Aggressive soil conditions to metals and concrete 

Professional opinions with regard to the above issues are presented for the following: 

► Site grading and earthwork 
► Foundation subgrade preparation 
► Allowable soil bearing pressures and expected settlements 
► Concrete slabs-on-grade 
► Mitigation of the potential effects of salt concentrations in native soil to concrete 

mixes and steel reinforcement 
► Seismic design parameters 

Our scope of work for this report did not include an evaluation of the site for the presence of 
environmentally hazardous materials or conditions. 

1.3 Authorization 

Mr. Mike Collins, Project Manager of Ormat for Power Generation Construction provided 
authorization by written agreement to proceed with our work on December 14, 2004. We conducted 
our work according to our written proposal dated December 13, 2004. 

Landmark Consultants, Inc. Page2 
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Section 2 
METHODS OF INVESTIGATION 

2.1 Field Exploration 

Subsurface exploration was performed on December 20, 2004 using Holguin, Fahan, & Associates, 
Inc. of Cypress, California to advance three (3) electric cone penetrometer (CPT) soundings to an 
approximate depth of 50 feet below existing ground surface. The soundings were made at the 
locations shown on the Site and Exploration Plan (Plate A-2). The approximate sounding locations 
were established in the field and plotted on the site map by sighting to discemable site features. 

CPT soundings provide a continuous profile of the soil stratigraphy with readings every 2.5cm (1 
inch) in depth. Direct sampling for visual and physical confinnation of soil properties has been used 
by our firm to establish direct correlations with CPT exploration in this geographical region. 

The CPT exploration was conducted by hydraulically advancing an instrumented Hogentogler 1 Ocm2 

conical probe into the ground at a rate of2cm per second using a 23-ton truck as a reaction mass. An 
electronic data acquisition system recorded a nearly continuous log of the resistance of the soil 
against the cone tip (Qc) and soil friction against the cone sleeve (Fs) as the probe was advanced. 
Empirical relationships (Robertson and Campanella, 1989) were then applied to the data to give a 
c tinuous profile of the soil stratigraphy. Interpretation of CPT data provides correlations for SPT 

consolidation ratio (OCR). These correlations may then be used to evaluate vertical and lateral soil 
bearing capacities and consolidation characteristics of the subsurface soil. 

Interpretive logs of the CPT soundings were produced and presented in final form after review of 
field and laboratory data and are presented on Plates B-1 through B-3 in Appendix B. A key to the 
interpretation of CPT soundings is presented on Plate B-4. The stratification lines shown on the 
subsurfuce logs represent the appl'oxhnate boundaries between the various strata. However, the 
transition from one stratum to another may be gradual over some range of depth. 

Landmark Consultants, Inc. Page 3 
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2.2 Laboratory Testing 

Laboratory tests were conducted on selected bulk soil samples obtained from hand auger borings 

made adjacent to the CPT locations to aid in classification and evaluation of selected engineering 

properties of the near surface soils. The tests were conducted in general conformance to the 

procedures of the American Society for Testing and Materials (ASTM) or other standardized 

methods as referenced below. The laboratory testing program consisted of the following tests: 

► Plasticity Index (ASTM D4318) - used for soil classification and expansive soil design 
criteria. 

► Chemical Analyses (soluble sulfates & chlorides, pH, and resistivity) (Caltrans Methods)-
used for concrete mix evaluations and corrosion protection requirements. 

The laboratory test results are presented on the subsurface logs (Appendix B) and on Plates C-1, C-2 

and C-3 in Appendix C. 

Engineering parameters of soil strength, compressibility and relative density utilized for developing 

design criteria provided within this report were either extrapolated from correlations with the 

subsurface CPT data or from data obtained from the field and laboratory testing program. 

Landmark Consultants, Inc. Page4 
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Section 3 
DISCUSSION 

3.1 Site Conditions 

LCI Report No. LE04354 (2) 

The plant additions are located in the northwest comer of the Heber 2 geothermal plant on the west 

side of the existing turbine generators and cooling tower. The area is relatively vacant and 

approximately has the same elevation as the existing plant facilities. An overhead pipe rack is 

located to the south side of the proposed location. 

Adjacent properties outside of the fenced operations yard consist of agricultural land to the north and 

west. The site is bounded on the east by Dogwood Road and headquarters facilities of a general 

engineering construction company lie to the south side. Dogwood Road is slated to be a 6-lane 

north-south arterial from Calexico to Brawley in Imperial County. Adjacent properties are flat-lying 

and are approximately at the same elevation with this site. 

The project site lies at an elevation of approximately 15 feet below mean sea level (MSL) (El. 985 

local datum) in the Imperial Valley region of the California low desert. The surrounding properties 

lie on terrain which is flat (planar), part of a large agricultural valley, which was previously an 

ancient lake bed covered with fresh water to an elevation of 43± feet above MSL. Annual rainfall in 

this arid region is less than 4 inches per year with four months of average summertime temperatures 

3.2 Geologic Setting 

The project site is located in the Imperial Valley portion of the Salton Trough physiographic 

province. The Salton Trough is a geologic structural depression resulting from large scale regional 

foul ting. The trough is bounded on the northcost by the Son Andrces Fault and Chocolotc Mowit.o.ins 

and the southwest by the Peninsular Range and faults of the San Jacinto Fault Zone. The Salton 

Trough represents the northward extension of the Gulf of Califo~ containing both marine and 

non-marine sediments since the Miocene Epoch. Tectonic activity that formed the trough continues 

at a high rate as evidenced by deformed young sedimentary deposits and high levels of seismicity. 

Figure 1 shows the location of the site in relation to regional faults and physiographic features. 

Landmark Consultants, Inc. Page 5 
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The hnperial Valley is directly underlain by lacustrine deposits, which consist of interbedded 

lenticular and tabular silt, sand, and clay. The Late Pleistocene to Holocene lake deposits are 

probably less than 100 feet thick and derived from periodic flooding of the Colorado River which 
intermittently formed a fresh water lake (Lake Cahuilla). Older deposits consist of Miocene to 

Pleistocene non-marine and marine sediments deposited during intrusions of the Gulf of California. 
Basement rock consisting of Mesozoic granit.e and Paleozoic metamorphic rocks are estimated to 

exist at depths between 15,000- 20,000 feet. 

3.3 Seismicity and Faulting 

Faulting and Seismic Sources: We have performed a computer-aided search of known faults or 
seismic zones that lie within a 62 mile (100 kilometers) radius of the project site as shown on Figure 

1 and Table 1. The search identifies known faults within this distance and computes deterministic 

ground accelerations at the site based on the maximum credible earthquake expected on each of the 

faults and the distance from the fault to the site. The Maximum Magnitude Earthquake (Mmax) 

listed was taken from published geologic information available for each fault (CDMG OFR 96-08 

and Jennings, 1994). 

Seismic Risk: The project site is located in the seismically active Imperial Valley of southern 

California and is considered likely to be subjected to moderate to strong ground motion from 
earthquakes in the region. The proposed site structures should be designed in a<:cordance with the 
California Building Code (CBC) for near source factors derived from a "Design Basis Earthquake" 

(DBE). The DBE is defined as the motion having a 10 percent probability of being exceeded in 50 

years. The DBE generally corresponds to the Mmax magnitude discussed here. 

Seismic Hazards. 

► Groundshaking. The primary seismic hazard at the project site is the potential for strong 

groundshaking during earthquakes along the Imperial, Brawley, and Superstition Hills Faults. A 

further discussion of groundshaking follows in Section 3.4. 

► Surface Rupture. The project sit.e does not lie within a State of California, Alquist-Priolo 

Earthquake Fault Zone. Surface fault rupture is considered to be unlikely at the project site because 

of the well-delineated fault lines through the Imperial Valley as shown on USGS and COS maps. 

However, because of the high tectonic activity and deep alluvium of the region, we cannot preclude 

the potential for surface rupture on undiscovered or new faults that may underlie the site. 

Landmark Consultants, Inc. Page 6 
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MAP OF REGIONAL FAUL TS AND SEISMICITY 
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Faults and Seismic Zones from Jennings (1994), Earthquakes modified from Ellsworth (1990) catalog. 

Figure 1. Map of Regional Faults and Seismiclty 
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Table1 
FAULT PARAMETERS & DETERMINISTIC 

ESTIMATES OF PEAK GROUND ACCELERATION IPGAl 
Dl8111RC9 Maximum Avg Avg Date of largest 

Fault Name or (mi)& Fault Fault Magnitude Slip Return Last Historic 

Seismic Zone Direction Type Length Mmax Rate Period Rupture Event 

from Sito lkml fMwl fmmfvd Cvral tvearl >S.liM fvearl 

I Reference Notes: (1) I !{2)!(3}! (2} I {4} I (3} I (3) I (3} I (5} 

Imperial Valley Faults 
Imperial 7.0 NE A B 62 7.0 20 79 1979 7.0 1940 
Brawley 8.8 NNE B B 14 7.0 20 - 1979 5.8 1979 
Cerro Prieto 15 SSE A B 116 7.2 34 50 1980 7.1 1934 
Brawley Seismic Zone 16 N B B 42 6.4 25 24 5.9 1981 
East Highline Canal 23 NE C C 22 6.3 1 774 

San Jacinto Fault System 
- Superstition Hills 8.5 NNW B A 22 6.6 4 250 1987 6.5 1987 
- Superstition Mtn. 15 NW B A 23 6.6 5 500 1440 +/-
- Elmore Ranch 28 NW B A 29 6.6 1 225 1987 5.9 1987 
- Borrego Mtn 34 NW B A 29 8.8 4 175 6.5 1942 
-Anza Segment 51 NW A A 90 7.2 12 250 1918 6.8 1918 
- Coyote Creek 53 NW B A 40 6.8 4 175 1968 6.5 1968 
-Whole Zone 15 NW A A 245 7.5 - -
Elsinore Fault System 
- Laguna Salada 16 SW B B 67 7.0 3.5 336 7.0 1881 
- Coyote Segment 29 W B A 38 6.8 4 625 
- Julian Segment 55 WNW A A 75 7.1 5 340 
- Earthquake Valley 57 WNW B A 20 6.5 2 351 
-Whole Zone 29 W A A 250 7.5 - -
San Andreas Fault System 
- Coachella Valley 45 NNW A A 95 7.4 25 220 1690+/- 6.5 1948 
- Whole S. Calif. Zone 45 NNW A A 458 7.9 - - 1857 7.8 1857 
Algodones 36 E C C 74 7.0 0.1 20,000 

,. 

Notes: 
1. Jennings (1994) and CDMG (1996) 
2. CDMG (1996), where Type A faults - slip rate >5 mm/yr and well constrained paleoseismic data 

Type B faults - all other faults. 
3. WGCEP (1995) 
4. CDMG {1996) based on Wells & Coppersmith (1994) 
5. Ellsworth Catalog in USGS PP 1515 {1990) and USBR (1976), Mw = moment magnitude, 
6. The deterministic estimates of the Site PGA are based on the attenuation relationship of: 

Boore, Joyner, Fumal (1997) 

Landmark Consultants, ]nc. 
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► Liquefaction. Liquefaction is unlikely to be a potential hazard at the site due to the lack of 

saturated granular soil ( clay soils predominate). 

Other Secondary Hazards. 

► Landsliding. The hazard of landsliding is unlikely due to the regional planar topography. No 

ancient landslides are shown on geologic maps of the region and no indications oflandslides were 

observed during our site investigation. 

► Volcanic hazards. The site is not located in proximity to any known volcanically active area and 

the risk of volcanic hazards is considered very low. 

► Tsunamis, sieches, and flooding. The site does not lie near any large bodies of water, so the 

threat of tsunami, sieches, or other seismically-induced flooding is unlikely. 

► Expansive soil. In general, much of the near surface soils in the Imperial Valley consist of silty 

clays and clays which are moderate to highly expansive. The expansive soil conditions are discussed 

in more detail in Section 3.5. 

3.4 Site Acceleration and UBC Seismic Coefficients 

Deterministic horizontal peak ground accelerations (PGA) from maximum probable earthquakes on 

regional faults have been estimated and are included in Table 1. Ground motions are dependent 

primarily on the earthquake magnitude and distance to the seismogenic (rupture) zone. 

Acceierarions aiso are ci.epencieni upon ai:tenuaiion hy rock anci. soil deposits~ direction of rupiure l:lllU 

type of fault; therefore, ground motions may vary considerably in the same general area. 

We have m::ed the cnmnuter nroornm FRTSKSP ffil11ke_ 7000) tn nroviile A nrohl'lhili~c p_c;:tim11te of :r rcr , 7 ,r r 

the site PGA using the attenuation relationship of Boore, Joyner, and Fumal (1997) Soil (250). The 

PGA estimate for the project site having a 10% probability of being exceeded in 50 years (return 

period of 475 years) is 0.60g. 

CBC Seismic Coefficients: The CBC seismic coefficients are roughly based on an earthquake 

ground motion that has a 10% probability of being exceeded in 50 years. The following table lists 

seismic and site coefficients (near source factors) determined by Chapter 16 of the 2001 CBC. This 

site lies within 11.3 km of a Type A fault overlyi11g S0 (stiff) soil. 
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CBC Seismic Coefficients for Chapter 16 Seismic Provisions 

Seismic Distance to Near Source Factors Seismic Coefficients 
CBC Code Soil Profile 

Source Critical 
Edition Type 

Type Source Na Nv Ca Cv 

2001 So A < 11.3 km 1.00 1.15 0.44 0.74 
(stiff soil) 

Ref. Table 16-J 16-U --- 16-S 16-T 16-Q 16-R 

3.5 Subsurface Soil 

Subsurface soils encountered during the field exploration conducted on December 20, 2004 indicates 

that 1.0 to 1.5 feet of stiff clay are at ground surface. Dense to very dense silty sands lie below the 

clays and extend to a depth of 4 to 5 feet. Stiff to very stiff clays extend a depth of 50 feet, the 

maximum depth of exploration. The subsurface logs (Plates B-1 through B-3) depict the 

stratigraphic relationships of the various soil types. 

The native surface clays exhibit moderate swell potential (Expansion Index, EI= 51 - 90) when 

correlated to Plasticity index tests (ASTM D4318) peiformed on the native clays. The clay is 

expansive when wetted and can shrink with moisture loss ( drying). Development of building 

foundations, concrete flatwork, and asphaltic concrete pavements should include provisions for 

mitigating potential swelling forces and reduction in soil strength, which can occur from saturation 

of the soil. Causes for soil saturation include landscape irrigation, broken utility lines, or capillary 

rise in moisture upon sealing the ground surface to evaporation. Moisture losses can occur with lack 

of landscape watering, close proximity of structures to downslopes and root system moisture 

extraction from deep rooted shrubs and trees placed near the foundations. Typical measures used for 

industrial projects to remediate expansive soil include: 

► replacement of silt/clay with non-expansive granular fill, 
► moisture conditioning subgrade soils to a minimum of 5% above optimum moisture 

(ASTM D 1557) for the fu]I range in depth of surface soils. 
► design of foundations that are resistant to shrink/swell forces of silt/clay soil. 
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3.6 Groundwater 

Groundwater was not noted on the CPT sounding at the time of exploration, but is typically 

encountered at approximately 10 to 15 feet below ground surface in the vicinity of the site. There is 

uncertainty in the accuracy of short-term water level measurements, particularly in fine-grained soil. 

Groundwater levels may fluctuate with precipitation, irrigation of adjacent properties, drainage, and 

site grading. The referenced groundwater level should not be interpreted to represent an accurate or 

pennanent condition. 

3. 7 Liquefaction 

Liquefaction occurs when granular soil below the water table is subjected to vibratory motions, such 

as produced by earthquakes. With strong ground shaking, an increase in pore water pressure 

develops as the soil tends to reduce in volume. If the increase in pore water pressure is sufficient to 

reduce the vertical effective stress (suspending the soil particles in water), the soil strength decreases 

and the soil behaves as a liquid (similar to quicksand). Liquefaction can produce excessive 

settlement, ground rupture, lateral spreading, or failure of shallow bearing foundations. 

Four conditions are generally required for liquefaction to occur: 

l l J the soii must be saturate<l {reJattvety shallow groundwater); 

(2) the soil must be loosely packed (low to medium relative density); 

(3) the soil must be relatively cohesionless (not clayey); and 

All of these conditions exist to some degree at this site. 
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Methods of Analysis: Liquefaction potential at the project site was evaluated using the 1997 

NCEER Liquefaction Workshop methods that are based on the Seed, et. al. 1985 and Robertson and 

Campanella (1985) methods. The 1997 NCEER methods utilize direct SPT blow counts or CPT 

cone readings from site exploration and earthquake magnitude/PGA estimates from the seismic 

hazard analysis. The resistance to liquefaction is plotted on a chart of cyclic shear stress ratio (CSR) 

versus a corrected blow count N1c60> or QcIN. A ground acceleration of 0.60g was used in the 

analysis with a 12 foot groundwater depth. 

Liquefaction induced settlements have been estimated using the 1987 Tokimatsu and Seed method. 

Fines content of liquefiable sands and silt increase the liquefaction resistance in that more cycles of 

ground motions are required to fully develop pore pressures. The SPT blow counts were adjusted to 

an equivalent clean sand blow count, N1(60) prior to calculating settlements using Robertson and 

Wride (1997) adjustments. A computed factor of safety less than 1.0 indicates a liquefiable 

condition. 

Liquefaction Effects: Based on empirical relationships, liquefaction is not expected to occur at the 

project site. 
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Section4 
RECOMMENDATIONS 

4.1 Site Preparation 

LCI Report No. LE04354 (2) 

Clearing and Grubbing: All surface improvements, debris or vegetation including grass and weeds 

on the site at the time of construction should be removed from the construction area. Organic 

strippings should be hauled from the site and not used as fill. Any trash, construction debris, 

concrete slabs, old pavement, landfill, and buried obstructions such as old foundations and utility 

lines exposed during rough grading should be traced to the limits of the foreign material by the 

grading contractor and removed under our supervision. Any excavations resulting from site clearing 

should be dish-shaped to the lowest depth of disturbance and backfilled under observation by the 

geotechnical engineer's representative with compacted fill as described below. 

Structure Subgrade Preparation: The exposed surface soil within the foundation areas should be 

removed to 12 inches below the foundation elevation or existing grade (whichever is lower). 

Exposed subgrade should be scarified to a depth of 8 inches, uniformly moisture conditioned to 3 to 

8% above optimum moisture content (clays) or Oto 4% above optimum (silts), and recompacted to at 

least 90% of the maximum density determined in accordance with AS'IM D1557 methods. 

matter or other deleterious material. The fill soil should be uniformly moisture conditioned by 

discing and watering to the limits specified above, placed in maximum 8-inch lifts (loose), and 

compacted to the limits specified above. 

Imported fill soil (if required) should have a Plasticity Index less than 15 and sulfates (S04) less than 

1,000 ppm or non.expansive, granular soil meeting the USCS classifications of SM, SP-SM, or SW

SM with a maxhnwn rock size of 3 inches and 5 to 35% passing the No. 200 sieve. The 

geotechnical engineer should approve imported fill soil sources before hauling material to the site. 

Imported granular fill should be placed in lifts no greater than 8 inches in loose thickness and 

compacted to at least 90% of ASTM D1557 maximum dry density at optimum moisture ±2%. 
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In areas other than the structures pad which are to receive area concrete slabs, the ground swface 

should be presaturated to a minimum depth of 18 inches and then scarified to 6 inches, moisture 

conditioned to a minimum of 5% over optimum, and recompacted to 83-87% of ASTM D1557 

maximum density just prior to concrete placement. 

Trench Backfill: On-site soil free of debris, vegetation, and other deleterious matter may be suitable 

for use as utility trench backfill, but may be difficult to Wliformly maintain at specified moistures and 

compact to the specified densities. Granular materia1 is often more cost effective for backfill of 

utility trenches. 

Backfill soil within roadways or traffic areas should be placed in layers not more that 6 inches in 

thickness and mechanically compacted to a minimum of 87% of the ASTM D 1557 maximum dry 

density except for the top 12 inches of the trench which shall be compacted to at least 90%. Native 

backfill should only be placed and compacted after encapsulating buried pipes with suitable bedding 

and pipe envelope material. Pipe envelope/bedding should either be clean sand (Sand Equivalent 

SE> 30) or crushed rock when encountering groundwater. A geotextile filter fabric (Mirafi 140N or 

equivalent) should be used to encapsulate the crushed rock when placed below groundwater to 

reduce the potential for in-washing of fines into the gravel void space. Precautions should be taken 

in the compaction of the backfill to avoid damage to the pipes and structures. 

Observation and Density Testing: All site preparation and fill placement should be continuously 

observed and tested by a representative of a qualified geotechnical engineering firm. Full-time 

observation services during the excavation and scarification process is necessary to detect 

undesirable materials or conditions and soft areas that may be encountered in the construction area. 

The geotechnical firm that provides observation and testing during construction shall assume the 

responsibility of 11geotechnical engineer of record' and, as such, shall perform additional tests and 

investigation as necessary to satisfy themselves as to the site conditions and the recommendations for 

site development. 

Auxiliary Structures Foundation Preparation: Auxiliary structures such as free standing or retaining 

walls should have the existing soil beneath the structure foundation prepared in the manner 

recommended for the building pad except the preparation needed only to extend 12 inches below and 

beyond the footing. 
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4.2 Foundations and Settlements 

Shallow spread footings and continuous wall footings are suitable to support the structures associated 

with the turbine generator and cooling tower. Footings shall be founded on a layer of properly 

prepared and compacted soil as described in Section 4.1. The foundations may be designed using an 

allowable soil bearing pressure of 1,500 psf for compacted native clay soil and 2,000 psf when 

foundations are supported on imported sands ( extending a minimum of 1.0 feet below footings). The 

allowable soil pressure may be increased by 20% for each foot of embedment depth in excess of 18 

inches and by one-third for short term loads induced by winds or seismic events. The maximum 

allowable soil pressure at increased embedment depths shall not exceed 3,000 psf (clays). 

Settlements associated with variable loadings and structure/footing siz.es are shown on figures 2 thru 

5. As an alteniative to shallow spread foundations, flat plate structural mats or grade-beam 

reinforced foundations may be used to mitigate expansive soil heave. 

Flat Plate Structural Mats: Structural mats may be designed for a modulus of subgrade reaction (Ks) 

of 100 pci when placed on compacted clay or a subgrade modulus of250 pci when placed on 2.5 feet 

of granular fill. Mats shall overlay 2 inches of sand and a 10-mil polyethylene vapor retarder. The 

structure support pad shall be moisture conditioned and recompacted as specified in Section 4.1 of 

this report. 

All exterior and interior foundations should be embedded a minimwn of 18 inches below the 

structure support pad or lowest adjacent final grade, whichever is deeper. Continuous wall footings 

should have a minimum width of 12 inches. Spread footings should have a minim nm width of 24 

inches. Recommended concrete reinforcement and sizing for all footings should be provided by the 

structural engineer. 

Resistance to horizontal loads will be developed by passive earth pressure on the sides of footings or 

grade beams and frictional resistance developed along the bases of footings or grade beams and 

concrete slabs. Passive resistance to lateral earth pressure may be calculated using an equivalent 

fluid pressure of 250 pcf (300 pcf for sands) to resist lateral loadings. The top one foot of 

erobedment should not be considered in computing passive resistance unless the adjacent area is 

con.fined by a slab or pavement. An allowable friction coefficient of0.25 (0.35 for sands) may also 

be used at the base of the footings or grade beams to resist lateral loading. 
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Total fowidation movements under estimated loadings are shown on the load/settlement curves 

(Figures 2 thru 5). Differential movement is estimated to be about two-thirds of total movement 

4.3 Slabs-On-Grade 

Thin concrete slabs and flatwork ( 6 inches or less in thickness) placed over native clay soil should be 

designed in accordance with Chapter 18, Division Ill of the 2001 CBC (using an E~ective Plasticity 

Index of 17) and shall be a minimum of 5 inches thick due to expansive soil conditions. Concrete 

floor slabs shall be monolithically placed with the foundations wiless placed on 2.5 feet of granular 

fill or lime treated soil. 

The concrete slabs should be underlain by a minimum of 4 inches of clean sand (Sand Equivalent 

SE> 3 0) or aggregate base or may be placed directly on a 2.5-foot thick granular fill pad (if used) that 

has been moistened to approximately optimum moisture just before the concrete placement. A 10-

mil visqueen vapor retarder, properly lapped and sealed with a 2-inch sand cover and extended a 

minimum of 12 inches into the footing, should be placed as a capillary break to prevent moisture 

migration into the slab section. Concrete slabs may be placed directly over a 15-mil vapor retarder if 

desired (Stego-Wrap or equivalent). 

Concrete slab and flatwork reinforcement should consist of chaired rebar slab reinforcement 

(minimum ofNo. 4 bars at 18-inch centers, both horizontal directions) placed at slab mid-height to 

resist potential swell forces and era.eking. Slab thickness and steel reinforcement are minimums only 

and should be verified by the structural engineer/designer knowing the actual project loadings. All 

steel components of the foundation system should be protected from corrosion by maintaining a 4~ 

inch minimum concrete cover of densely consolidated concrete at footings (by use of a vibrator). 

The construction joint between the foundation and any mowstrips/sidewaJks placed adjacent to 

fowidations should be sealed with a polyurethane based non-hardening sealant to prevent moisture 

migration between the joint. Epoxy coated embedded steel components or permanent waterprQofing 

membranes placed at the exterior footing sidewall may also be used to mitigate the corrosion 

potential of concrete placed in contact with native soil. 
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Control joints should be provided in all concrete slabs-on-grade at a maximum spacing (in feet) of2 

to 3 times the slab thickness (in inches) as recommended by American Concrete Institute (ACI) 

guidelines. All joints should form approximately square patterns to reduce randomly oriented 

contraction cracks. Contraction joints in the slabs should be tooled at the time of the pour or sawcut 

(¼ of slab depth) within 6 to 8 hours of concrete placement. Construction ( cold) joints in 

foundations and area flatwork should either be thickened butt-joints with dowels or a thickened 

keyed-joint designed to resist vertical deflection at the joint. All joints in flatwork should be sealed 

to prevent moisture, vermin, or foreign material intrusion. Precautions should be taken to prevent 

curling of slabs in this arid desert region (refer to ACI guidelines). 

All independent flatwork (sidewalks, housekeeping slabs) should be placed on a minimum of 2 

inches of concrete sand or aggregate base, dowelled to the perimeter foundations where adjacent to 

the structures and sloped 1 % or more away from the structure. A minimum of 18 inches of moisture 

conditioned (3% minimum above optimum) and 8 inches of compacted subgrade (83 to 87%) and a 

10-mil (minim.um) polyethylene separation sheet should underlie the flatwork. All flatwork should 

be jointed in square patterns and at irregularities in shape at a maximum spacing of 10 feet or the 

least width of the sidewalk. 

4.4 Concrete Mixes and Corrosivity 

Cl .... 1 ....... ,.._..:I .... L ___ : __ 1 ___ 1 _____ £' ________ : __ :._.. __ ,. ___ ---..l .... _ ...... .J ---- L ..... 11- ...__......___._1 ....... .... £' ... L-. .--.-......... _ _c ___ ... -!1 
u ........... "-'U \,,U.'-'lll.U,,cu QllCLl.,Y '3'-'l> I.VJ. 11,,VI.J.Vl>J.,, U,J Y\l\iJ.\i 11,,VllU""""u, Vil UUll\. i3aLU.J:ll.l;;l) VI. Ul\,, lll,;Q,I, l)IUJ.°'-'\,, ;:,vu 

from the project site (Plates C-2 and C-3). The native soils were found to have moderate to severe 

levels of sulfate ion concentration (1,052 to 3,006 ppm). Sulfate ions in high concentrations can 

attack the cementitious material in concrete. causing weakening of the cement matrix and eventual 

deterioration by raveling. The California Building Code recommends that increased quantities of 

Type IT Portland Cement be used at a low water/cement ratio when concrete is subjected to moderate 

sulfate concentrations. Type V Portland Cement and/or Type JIN cement with 25% flyash 

replacement is recommended when the concrete is subjected to soil with severe sulfate concentration. 

A minimum of 6.25 sacks per cubic yard of concrete (4,500 psi) of Type V Portland Cement with a 

maximum water/cement ratio of 0.45 (by weight) should be used for concrete placed in contact with 

native soil on this project. Admixtures may be required to allow placement of this low water/cement 

ratio concrete. 
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There are no special requirements for concrete mixes when foundations are placed on 2.5 feet oflow 

sulfate content granular fill. 

The native soil has moderate to very severe level of chloride ion concentration (210 to 3,040 ppm). 

Chloride ions can cause corrosion of reinforcing steel, anchor bolts and other buried metallic 

conduits. Resistivity determinations on the soil indicate very severe potential for metal loss because 

of electrochemical corrosion processes. Mitigation of the corrosion of steel can be achieved by using 

steel pipes coated with epoxy corrosion inhibitors, asphaltic and epoxy coatings, cathodic protection 

or by encapsulating the portion of the pipe lying above groundwater with a minimum of 4 inches of 

densely consolidated concrete. No metallic pipes or conduits should be placed below foundations. 

Foundation designs shall provide a minimum concrete cover of four (4 inches around steel 

reinforcing or embedded components (anchor ~olts, hold-downs, etc.) exposed to native soil or 

landscape water (to 18 inches above grade). If the 4-inch concrete edge distance cannot be achieved, 

all embedded steel components ( anchor bolts, hold-downs, etc.) shall be epoxy dipped for corrosion 

protection or a corrosion inhibitor and a permanent waterproofing membrane shall be placed along 

the exterior face of the exterior footings. AdditionaUy, the concrete should be thoroughly vibrated at 

footings during placement to decrease the permeability of the concrete. 

4.5 Excavations 

All site excavations should conform to CalOSHA requirements for Type B soil. The contractor is 

solely responsible for the safety of workers entering trenches. Temporary excavations with depths of 
4 feet or less may be cut nearly vertical for short duration. Excavations deeper than 4 feet will 

require shoring or slope inclinations in conformance to CAL/OSHA regulations for Type B soil. 

Surcharge loads of stockpiled soil or construction materials should be set back from the top of the 

slope a minimum distance equal to the height of the slope. All permanent slopes should not be 

steeper than 3: 1 to reduce wind and rain erosion. Protected slopes with ground cover may be as steep 

as 2: 1. However, maintenance with motorized equipment may not be possible at this inclination. 
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4.6 Seismic Design 

This site is located in the seismically active southern California area and the site structures are 

subject to strong ground shaking due to potential fault movements along the Brawley, Superstition 

Hills, and Imperial Faults. Engineered design and earthquake-resistant construction are the common 

solutions to increase safety and development of seismic areas. Designs should comply with the latest 

edition of the CBC for Seismic Zone 4 using the seismic coefficients given in Section 3.4 of this 

report. This site lies within 11.3 km of a Type A fault overlying So (stifj) soil. 
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Section 5 
LIMITATIONS AND ADDITIONAL SERVICES 

5.1 Limitations 

The recommendations and conclusions within this report are based on current information regarding 

the proposed additions to the Ormat Heber 2 geothermal power plant located on Dogwood Road 

southwest of Heber, California. The conclusions and recommendations of this report are invalid if: 

► Structural loads change from those stated or the structures are relocated. 
► The Additional Services section of this report is not followed. 
► This report is used for adjacent or other property. 

► Changes of grade or groundwater occur between the issuance of this report and 
construction other than those anticipated in this report. 

► Any other change that materially alters the project from that proposed at the time this 
report was prepared. 

Findings and recommendations in this report are based on selected points of field exploration, 

geologic literature, laboratory testing, and our understanding of the proposed project. Our analysis of 

data and recommendations presented herein are based on the assumption that soil conditions do not 

vary significantly from those found at specific exploratory locations. Variations in soil conditions 

can exist between and beyond the exploration points or groundwater elevations may change. If 

detected, these conditions may require additional studies, consultation, and possible design revisions. 

This report contains information that may be useful in the preparation of contract specifications. 
However, the report is not worded is such a manner that we recommend its use as a construction 
specifteation document without proper modiftcation. The use of informatitJn contained in this 
report/or bidding purposes should be done at the contractor's option and risk. 

This report was prepared according to the generally acceptedgeotechnica/ engineering standards of 

practice that existed in Imperial County at the time the report was prepared. No express or implied 

warranties are made in connection with our services. This report should be considered invalid for 

periods after two years from the report date without a review of the validity of the findings and 

recommendations by our firm, because of potential changes in the Geotechnical Engineering 

Standards of Practice. 
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The client has responsibility to see that all parties to the project including, designer, contractor, and 

subcontractor are made aware of this entire report. The use of information contained in this report 

for bidding purposes should be done at the contractor's option and risk. 

5.2 Additional Services 

We recommend that Landmark Consultants, Inc. be retained as the geotechnical consultant to 

provide the tests and observations services during construction. If Landmark Consultants does not 

provide such services then the geotechnical engineeringfirm providing such tests and observations 

shall become the geotechnical engi.neer of record and assume responsibility for the project. 

The recommendations presented in this report are based on the assumption that: 

► Consultation during development of design and construction documents to check that the 

geotechnical recommendations are appropriate for the proposed project and that the 

geotechnical recommendations are properly interpreted and incorporated into the 

documents. 
► Landmark Consultants will have the opportunity to review and comment on the plans and 

specifications for the project prior to the issuance of such for bidding. 

► Continuous observation, inspection, and testing by the geotechnical consultant of record 

during site clearing, grading, excavation, placement of ftlls, building pad and subgrade 

prep~'"!!tfo!!, ~!!d 1:u,dcfilline of utility trenches. 

► Observation of foundation excavations and reinforcing steel before concrete placement. 

► Other consultation as necessary during design and construction. 

We emphasize our review of the project plans and specifications to check for compatibility with our 

recommendations and conclusions. Additional information concerning the scope and cost of these 

services can be obtained from our office. 
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Superstition------ • 0-6 irine sand-------lSM 

102•. 
Badland 

6-601Loamy fine sand, ISM 
I fine sand, l 
I sand, I 
I I 

I 
I 

I I 

I I -- I I I 
IA-2 I 0 I 100 I 100 175-85 10-30 l 
IA-2, o 190-100175-95 150-60 15-40 : 
I A-4 I I 1 I l 
I I I 1 I l 
I I I I I l 
IA-2 I o I 100 l 100 175-85 10-30 l 
iA-2, i 0 190-100 175-95 150-60 15-110 I 
I A-4 I l I I 
l I : I I 

IA-2 I o I 100 195-100170-85 
IA-2 I o I 100 195-100170-85 
I I I I ' 
I I I I 
I I I I 
I I I I 
I I I I 
: I I I 

15-25 
15-25 

103---------------- 0-101Gravelly sand--- lSP, 
Carsitas II0-601Gravelly sand, ISP, 

SP-SMIA-1 , A-21 0-5 160-90 150-85 30-55 
SP-SM A-1 0-5 160-90 150-85 25-50 r 

I 
I 

·1 
0-10 I 
0-10 I 

I 

10q• 
Fluvaquent s 

I gravelly ooarsel 
I sand, sand, : 
I I 
I I 

I I 
I I 
I ; 

105---------------- 0-131Clay loam-------lCL 
Glenbar 13-601Clay loam, silty i CL 

·; I olay loam. 
I I 
I I I 

106---------------- 1 0-131Clay loam------- l CL 
Glenbar l13-601Clay loam, siltylCL 

I I olay loam. I 
! I I 
I "I I 

107•---------------1 0-131Loam------------lML, 
C! Anh~r I 1 l GL -ML . 

I l I CL 
l13-60IClay loam, silty ; CL 
I I ,.. 1 .._ ~, 1 ,.. ,..,.. I 

I I , I 
108---------------- 1 0-141Loam------------ l ML 
Holtville l1q-221Clay, silty claylCL, CH 

' 22-60IS1lt loam, very IML 
I fine sandy 
I loam. 
I I 

lU9---------------- o-11 :s11ty clay------ lcL, CH 
Holtville l7-24'Clay, silty olay!CL, CH 

24-35 Silt loam, very !ML 
fine sandy I 
loam. I 

35-60 Loamy very fine ISM, ML 
I sand, loamy I 
l 
I 

fine sand. 

110---------------- 1 0-17 Silty clay------ CH, CL 
Holtville l17-2q Clay, silty olay CH, CL 

1211-351Silt loam, very ML 
I I fine sandy 
I· I loam. 
135-60 Loamy very fine SM, ML 
I I sand, loamy 
I fine sand. 
I 

See footnote at end of table. 

A-6 
A-6 

A-6, 
A-6, 

A-4 

IA-6, 
I 

1 
IA-II 
IA-7 
IA-II 
' I 
I 
I 

I 
IA-7 
IA-7 
IA-q 
I 
I 
IA-2, 
I 
I 
I 

I 
IA-7 
IA-7 
I A-II 
I 
I 
IA-2, 
I 
I 

I 
I 
l 
I 

A-7: 
A-7 1 

A-7 

' I 
I 
I 
I 
I 

0 
0 

0 
0 

0 

0 

0 
0 
0 

0 
0 
0 

0 

0 
0 
0 

0 

I 

100 
100 

100 
100 

100 

100 

100 
100 
100 

100 
100 
100 

100 

100 
100 
100 

too 

100 
100 

100 
100 

100 

100 

100 
100 
100 

100 
100 
100 

100 

100 
100 
100 

100 

I 
' I 
I 

I 
l 

I I 
I I 

I I 
190-100170-95 
190-100170-95 

I 
I 

' I I I 

190-100170-95 
190-100170-95 

I 
I 

' I I I 

I 100 :10-80 

I I 
I I 

195-100175-95 
I 

I I 
I I 

I 85-100155-95 
l95-I00\85-95 
195-100165-85 
t I 
I l 
t I 
i95-i00;85-95 
195-100185-95 
195-100165-85 
I I 
I I 
I I 
I I 

175-100120-55 
I l 
I I 
' ' 1 I 

195-100 I 85-95 
195-100 I BS-95 
195-100155-85 
I l 
! l 
175-100120-55 
I I 
I I 

I l 
I I 

35-45 
35-45 

20-30 

35-45 

25-35 
110-65 
25-35 

40-65 
40-65 
25-35 

40-65 
40-65 
25-35 

Plas
ticity 
index 

NP 
NP 

NP 
NP 

NP 
NP 

NP 
NP 

15-30 
15-30 

15-25 
15-25 

NP-10 

15-30 

NP-10 
20-35 
NP-10 

20-35 
20-35 
NP-10 

NP 

20-35 
20-35 
NP-10 

NP 
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IMPERIAL COUNTY, CALIFORNIA, IMPERIAL VALLEY AREA 103 

TABLE tt,--ENGINEERING INDEX.PROPERTIEs~-continued 

-1 I Classification JFrag- I Per~entage passing I 
Soil na111e and IDepthl USDA texture 

map symbol I I 
-..,.---lments I sieve numbe~r-_,-,-..--- Liquid Plas-

Uni(ied I AASHTO I> 3 1--y - ! limit tioity 

--- ....... ' --rn-t ----+---- I Un-c.hesl II I 10 ;...-...;11..;.o _ __ , ...;;2""0""'0-+--..---,----;.-'i""n=d!!.!._ 
1 liot""Y--:-,- I Pot 

I I -- I I I , - L 
111 1 : I l 
Holtville---------! 0-101S1lty clay loam CL, CH 

l10-221Clay, silty clay CL, CH 
l22-60lS1lt loam, very lML 
I I fine sandy I 
I : loam, I 
I I . 

Imperial---------- ! 0-12IS1lty olay loam lCL 
l12-601Silty clay loam,ICH 
I I silty clay, I 
I I clay. l 
I I I 

112---------------- 1 0-12IS1lty olay------lCH 
Imper1a 1 l12-60ISilty clay loam,ICH 

I I silty olay, l 
I I olay, I 
: I I 

113----------------1 0-12lSilty olay------lCH 
Imperial l 12-60IS1~ty clay, ICH 

l I clay, silty I 
I I clay loam. I 
I I I 

11ij----------------l 0-121S!lty clay------lCH 
Imperial I 12-60ISllty clay loam,lCH 

I I silty clay, 
I l clay. 
I I 
I I 

115•: I I 
Imperial----------! 0-121Silty clay loam CL 

l12-60IS1lty clay loam, CH 
I I silty clay, 
I I clay. 
I I 

Glenbar-----------1 0-131Silty clay loam lCL 
113-601Clay loam, siltylCL 
I I clay loam, I 
I I I 

116 1 : I l I 
Imperial----------1 0-13IS1lty clay loam ICL 

113-60 Silty clay loam,lCH 
l silty clay, I 
I clay. l 
I I 

Glenbar-----------1 0-13 Silty olay loam ICL 
l13-60 Clay loam, ~iltylCL 

clay loam, I 
I 

117, 118----------- 0-121Loam------------lML 
Indio 12-721Stratif1ed loamylML 

I very fine sand I 
I to silt loam. I 
I I 

' ' 119 •: I I 
Indio--- - - - ------- 0-121Loam------------lHL 

12-721Stratified loamy(ML 
I very fine sand I 
I to silt loam. I 
I I 

Vint-------------- 0-lOILoamy fine sand ISM 
10-60ILoamy sand, lSM 

I loamy fine I 
I sand, I 
I I 

I I I I I 
:A-7 I O I 100 100 95-100185-95 
lA-7 I O I 100 100 95-100185-95 
IA-II I O I 100 100 95-100165-85 
I I I I 
I I 
I I 
lA-7 0 100 100 100 185-95 
IA-7 o 100 100 100 185-95 
' ' ' I 
' ' IA-7 
IA-7 
I 
t 
I 
IA-7 
JA-7 
' ' I 
: 
IA-7 
IA-7 
' ·' I 
l 
l 
I A.:.7 
IA-7 
I 
' ' I 
' IA-6, 
;A-6, 
I 
' I 
' • 
·IA-7 
lA-7 
I 
I 
I 
IA-6, 
IA-5 
I 
I 
IA-II 
IA•II 
I 
I 
I 
I 
I A-II 
I A-II 
I 
I 
I 
IA-2 
IA-2 
I 

I 

' I 

0 
0 

0 
0 

0 
0 

I o 
I o 
1 
I 
I 

A-7 1 
A-7 l 

I 

A-7 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

\00 
100 

100 
100 

100 
100 

100 
100 

100 
100 

100 
100 

100 
100 

100 
100 

100 
100 

100 
100 

100 
100 

100 
100 

100 
100 

100 
100 

100 
100 

35.,.95 
85-95 

85-95 
85-95 

I 
I 
I 
185-95 
185-95 
' I : 
I 
I 

100 185-95 
100 185-95 

I 
I 
I 

,90-100170-95 
'90-100170-95 

I 

100 
100 

' I 
185-95 
185-95 
l 
I 

100 100 
100 I 100 

I 
90-100170-95 

,90-100170-95 
I I 

I 

1 , I 
95-100195-100185-100175-90 

,95-100195-100185-100175-90 
I I I I 
I I I 
I I I 
I I l I 
195-100195-100185-100175~90 
\95-100195-100185-100175-90 

l I I 
I I 
I I I 

95-100195-100170-80 125-35 
95-100195-100170-80 120-30 

I I I 
I I 
I I 

120•--------------- 0-12lLoa~------------IML, 
Laveen l12-601Loam, very fine IML, 

I I sandy loam, I 

CL-ML\A.-11 
CL-MLIA-11 

I 

0 
0 

100 195-100175-85 155-65 
95-100 185-95 170-80 155-65 

I I I I 
I I I I I I : I 

See footnote at end or table, 

40-65 
40-65 
25-35 

110-50 
50-70 

50-70 
50-70 

50-70 
50-70 

50-70 
50-70 

110-50 
50-70 

110-50 
50-70 

35-115 
35 - 45 

20-30 
20-30 

20-30 
20-30 

20-30 
15-25 

20-35 
20-35 
NP-10 

10-20 
25-45 

25-115 
25-45 

25-115 
25-45 

10-20 
25-45 

15-25 
15-25 

10-20 
25-115 

15-25 
15-30 

NP-5 
NP-5 

NP-5 
NP-5 

NP 
NP 

NP-10 
NP-10 
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CLIENT: ORMAT 

f'ROJECTr ORMAT Heber 2 Facilities, Heber, CA 

LOCATION: Sea Site and B rin location Plan 

CONE PENETROMETER: HOLGUIN, FAHAN & ASSC. Truck Mounted Electric 

Cone with 23 Ion reaction wefghl 

INTERPRETED SOIL PROFILE 
From Robertson & Campanella (1989) 

0 

LOG 

100 

OF CONE 

TIP RESISTANCE 
Qc (tsf) 

200 300 

DATE: '12/20/04 

SOUNDING DATA 
SLEEVE FRICTION 

Fs (tsf) 
400 0 2 4 6 

CPTw1 

FRICTION RATIO 
FR ~ Fs/Qc (%) 

8 0 2 4 6 

l~ -;.,.,,a,n,,1.11.WG.liil~• :..· - - ------ O,-...,,-,--,--,--,-,--,-,r-,- r-r-.-....-...-,-,-,--,-,--, 
Qay Cl!.c!:LJlawrd.,_ __ 

10 

20 

30 

40 

50 

Sandy Silt lo Clayey SIil Ml very dense 

Silly Sand lo Sandy Sill SM/Ml very dense 

SUty Sand to Sandy Slit very dense 

SIiiy Clay lo Clay CL stiff 
SIily Clay to Clay stiff 

Clay CUCH stiff 

Oay stiff 
Clay sUff 

Clay verysliff 

Clay very sllff 

Silty Clay lo Clay CL verysliff 

Clay CUCH sliff 

Clay stiff 

Clay very stiff 

Clay very stiff 

Clay very stiff 

Clay very stiff 

Clay very stiff 

Clay " " very slilf 

Clay stiff 

Clay very stiff 

Clay very stiff 

Clay verysliff 

Ctay very stiff 

Clay very stiff 

Clay verysUff 

Clay very stiff 

Clay very stiff 

Clay very stiff 

Clay very stiff 

Cla,- vary stiff 

Clay very stiff 

Clay stiff 

Clay stm 

Clay ve,ysliff 

Clay Vll{y sUft 

CIB'(OY SIil to SfllV Clay MVCL very still 

Silty Clay (O Clay CL sUII 

Clayey Silt to Silty Clay ML/CL stiff 
Clayey SIil lo Silly Clay " . stiff 
Clayey Slit to SIity Clay stiff 

Clayey SIil lo SIity Clay very sUff 

Clayey Slit lo SIily Clay . .. very sUff 
Clayey Slit to Silty Clay very sUff 

Clovoy SIii to SIily Clay surr 
Sandy Sill to Clayey Sill Ml very loose 

Sandy SIil to Cloyoy SIil " . very loose 
Clayey SUl to Silly Clay MUL:L sUtt 

End or Sounding @ 49.5 ft. 

Project No: 
LE04354 

301-1----1--- - - -+- ----11-----i 

l!Ol-'----+----➔----1-----, 

LANDMARK 
Geo-Engineers ancl Geologists 

a OBE/MBEJSSE Company 

Plate 
B-1 

8 
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LANDMARK CONSULTANTS, INC. 
CONE PENETROMETER INTERPRETATION (based on Robertson & Campanella, 1989, refer to Key to CPT logs) 

Est, Qc 
Soll Soll Density to SPT or Norm. % Dens. Phi Su 

me N N60 C Qo1n fines Dr • 

0.15 0.5 31.82 10.13 3 3 Clay CUCH very stiff 125 1.3 25 2.00 95 1.87 >10 
0.30 1.0 71 .19 3.50 6 6 Sandy Sift to Clayey SIii ML very dense 115 3.6 20 2.00 134.6 45 107 43 
0.45 1.5 76.38 3.27 6 6 Sandy SIil to Clayey Slit ML very dense 115 3.5 22 2.00 144.4 40 102 42 
0.60 2.0 88.21 2.88 6 6 Sandy Slit to Clayey Slit ML very dense 115 3.5 25 2.00 166.8 35 101 42 
0.75 2.5 94.19 2.53 7 7 Silty Sand to Sandy Silt SM/ML very dense 115 4,5 21 2.00 178.0 30 100 42 
0.93 3.0 101 .94 2.35 7 7 Silty Sand to Sandy Silt SM/ML very dense 115 4.5 23 2.00 192.7 30 99 42 
1.06 3.5 123.24 1.66 8 8 Sand to SIity Sand SP/SM very dense 115 5.5 22 2.00 233.0 20 102 42 
1.23 4.0 53.93 2.99 6 6 Sandy Slit to Clayey Sill ML dense 115 3.5 15 2.00 101.9 45 76 39 
1.38 4.5 16.43 4.19 3 3 Clay CUCH sUff 125 1.3 13 2.00 85 0.95 >10 
1.53 5.0 15.53 3.80 4 4 Silty Clay to Clay CL stiff 125 1.8 9 1.95 85 0.90 >10 
1.68 5.5 13.99 3.48 4 4 SIity Clay to Clay CL stiff 125 1.8 8 1,85 85 0.80 >10 
1.83 6.0 10.16 2.42 5 5 Clayey Sill to Silty Clay MUCL stiff 120 2.5 4 1.76 85 0.56 >10 
1.98 6.5 10.41 3.55 4 4 Silty Clay to Clay CL sUff 125 1.8 6 1.69 95 0.59 >10 
2.13 7.0 11.62 4.38 3 3 Clay CL/CH stiff 125 1.3 9 1.62 100 0.66 >10 
2.28 7.5 13.29 4.44 3 3 Clay CUCH stiff 125 1.3 11 1.56 95 0.76 >10 
2.45 8.0 14.55 4.93 3 3 Clay CL/CH stiff 125 1.3 12 1.51 95 0.83 >10 
2.60 8.5 13.90 4.96 3 3 Clay CUCH stiff 125 1.3 11 1.46 100 0.79 >10 
2.75 9.0 13.23 4.08 3 3 Clay CUCH silff 125 1.3 11 1.42 95 0.75 >10 
2.90 9.5 13.66 4.66 3 3 Clay CUCH stiff 125 1.3 11 1.38 100 0.77 >10 
3.05 10.0 26.88 5.00 3 3 Clay Cl/CH very stiff 125 1.3 22 1.34 80 1.65 >10 
3.20 10.5 21.69 6.01 3 3 Clay CL/CH very stiff 125 1.3 17 1.32 90 1.24 >10 
3.35 11 .0 19.84 4.85 3 3 Clay CUCH verysUff 125 1.3 16 1.30 95 1.13 >10 
3.50 11 .5 21.31 4.45 4 4 Silty Clay to Clay CL very stiff 125 1.8 12 1.29 90 1.22 >10 
3.65 12,0 18.97 4.00 4 4 SIiiy Clay to Clay CL very stiff 125 1.8 11 1.27 90 1.08 >10 
3.80 12.5 16.82 3.88 4 4 SIity Clay to Clay CL stiff 125 1.8 10 1.26 95 0.95 >10 
3.95 13.0 18.18 4.91 3 3 Clay CUCH very stiff 125 1.3 15 1.24 100 1.03 >10 
4.13 13.5 17.33 5.43 3 3 Clay CL/CH stiff 125 1.3 14 1.23 100 0.98 >10 
4.28 14.0 17.04 5.46 3 3 Clay CL/CH stiff 125 1.3 14 1.22 100 0.96 >10 
4.43 14.5 21.21 5.45 3 3 Clay CUCH very stiff 125 1.3 17 1.20 100 1.20 >10 
4.68 15.0 19.96 5.21 3 3 Clay CUCH very sUff 125 1.3 16 1.19 100 1.13 >10 
4.73 15.5 23.41 4.80 3 3 Clay CUCH vary stiff 125 1.3 19 1.18 95 1.33 >10 
4.88 16.0 20.50 5.51 3 3 Clay CUCH very stiff 125 1.3 16 1.17 100 1.16 >10 
5.03 16.5 21,94 5.88 3 3 Clay CUCH veryslfff 125 1.3 18 1.15 100 1.24 >10 
5.18 17.0 19.22 5.48 3 3 Clay CL/CH very stiff 125 1.3 15 1.14 100 1.08 >10 
5.33 17.5 27,57 5.03 3 3 Clay CUCH very stiff 125 1.3 22 1.13 95 1.57 >10 
5.48 18.0 23.29 5.22 3 3 Clay CL/CH very stiff 125 1.3 19 1.12 100 1.32 >10 
5.65 18.5 20.85 6.67 3 3 Clay CL/CH very sUff 125 1.3 17 1.11 100 1.16 >10 
5,80 19.0 21 .33 6.77 3 3 Clay CUCH very stiff 125 1.3 17 1.10 100 1.20 >10 
5,95 19.5 21 .97 6.29 3 3 Clay CL/CH very stiff 125 1.3 18 1.09 100 1.24 >10 
6.10 20.0 21 .34 7.09 3 3 Clay CL/CH very stiff 125 1.3 17 1.08 100 1.20 >10 
6.25 20.5 15.48 5.72 3 3 Clay CL/CH sUff 125 1.3 12 1.07 100 0.86 5.53 
6.40 21.0 15.87 5.20 3 3 Clay CL/CH sUff 126 1.3 13 1.06 100 0.88 5.65 
6.55 21.5 26.53 5.79 3 3 Clay CL/CH very stiff 125 1.3 21 1.05 100 1.50 >10 
6 .70 22.0 27.19 6.21 3 3 Clay CUCH very stiff 125 1.3 22 1.05 100 1.54 >10 
6.85 22.5 29.12 6.18 3 3 Clay CL/CH very sllff 125 1.3 23 1.04 100 1.65 >10 
7.00 23.0 24.40 7.41 3 3 Clay CL/CH very stiff 125 1.3 20 1.03 100 1.36 >10 
7.18 23.5 29.74 7.65 3 3 Clay CUCH verysUff 125 1.3 24 1.02 100 1.69 >10 
7.33 24.0 31 .24 7.01 3 3 Clay CL/CH very etiff 125 1.3 25 1.01 100 1.78 >10 
7.48 24.5 31 .71 6.74 3 3 Clay CL/CH very stiff 125 1.3 25 1.01 100 1.80 >10 
7.63 25.0 28.38 5.36 3 3 Clay CL/CH very stiff 125 1.3 23 1.00 100 1.61 >10 
7.78 25.5 25.50 5.79 3 3 Clay CL/CH very stiff 125 1.3 20 0,99 100 1.44 >10 
7.93 26.0 21 ,23 6.01 3 3 Clay CL/CH very stiff 125 1.3 17 0.98 100 1.18 7.00 
8.08 26.5 19.41 6.26 3 3 Clay CUCH verysUff 125 1.3 16 0.98 100 1.08 8.00 
8.23 27.0 21 .10 6.12 3 3 Clay CL/CH very stiff 125 1,3 17 0.97 100 1.17 6.65 
8.38 27.5 20.13 6.30 3 3 Clay CL/CH very stiff 125 1.3 16 0,96 100 1.12 6.00 
8.53 28.0 19.23 5.66 3 3 Clay CL/CH very sUff 125 1.3 15 0.96 100 1.06 5.42 
8.68 28.5 20.08 5.65 3 3 Clay CL/CH very sUff 125 1.3 16 0.95 100 1.11 6.76 
8.85 29.0 20.55 5.67 3 3 Clay CL/CH verysdff 125 1.3 16 0.94 100 1.14 5.88 
9.00 29.5 20.76 7.00 3 3 Clay CL/CH very stiff 125 1.3 17 0.94 100 1.15 5.88 
9.15 30.0 22.80 6,88 3 3 Clay CUCH very stiff 125 1.3 18 0.93 100 1.27 6.65 
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LANDMARK CONSULTANTS, INC. 

CONE PENETROMETER INTERPRETATION (based on Robertson & Campanella, 1989, refer to Keyfo CPT logs) 

l!lllili. ero 

B~se BaH Avg f;:st. Qc 

Dei>th Depth FricUon Soll Density or Density lo SPT or 

c111sslllcauon U C C sten~ {11.QO t!! .M§!l) OCR 

9.30 30.5 21.60 5.69 3 3 Clay CUCH verysUff 125 1.3 17 0.83 100 1.20 6.00 

9.45 31.0 17.19 6.36 3 3 Clay CUCH stiff 125 1.3 14 0.92 100 0.94 4.00 

9.60 31.5 20.05 5.47 3 3 Clay CUCH verysUff 125 1.3 16 0.92 100 1.10 5.10 

9.75 32,0 19.47 5.50 3 3 Clay CUCH very stiff 125 1.3 16 0.91 100 1.07 4.68 

9.90 32.5 21.74 5.63 3 3 Clay CUCH very stiff 125 1.3 17 0.90 100 1.20 5.53 

10.05 33.0 23.37 5.76 3 3 Clay CUCH very stiff 125 1.3 19 0.90 100 1.30 6.10 

10.20 33.5 20.39 5.56 3 3 Clay CL/CH very stiff 125 1.3 16 0.89 100 1.12 4.78 

10.38 34.0 15.97 5.12 3 J Clay CUCH sliff 125 1.3 13 0.89 100 0.B6 3.28 

10.53 34.5 16.45 4.48 3 3 Clay CL/CH sliff 125 1.3 13 0.88 100 0.89 3.35 

10.68 35.0 18.50 4.96 3 3 Clay CUCH very stiff 125 1.3 15 0.88 100 1.01 3.01 

10.83 35.5 19.11 4.05 4 4 Silty Clay to Clay CL very stiff 125 1.8 11 0.87 100 1.04 5.21 

10.98 36.0 20.64 5.86 3 3 Clay CUCH very stiff 125 1.3 17 0.87 100 1 .13 4.47 

11.13 36.5 25.44 5.72 3 3 Clay CL/CH very stiff 125 1.3 20 0.86 100 1.41 6.21 

11.28 37.0 31.72 4.84 4 4 SIity Clay to Clay CL very stiff 125 1.8 18 0.86 100 1.78 >10 

11.43 37.5 25.49 3.77 5 5 Clayey Silt to SIity Clay MUCL very stiff 120 2.5 10 0.85 100 1.41 >10 

11.58 38.0 17.66 2.48 5 5 Clayey SIii lo SIity Clay MUCL stiff 120 2.5 7 0.85 100 0.95 5.65 

11.73 36.5 15.25 3.47 4 4 SIily Clay to Clay CL stiff 125 1.8 9 0.85 100 0.81 3.35 

11.88 39.0 20.64 4.84 3 3 Clay CUCH very stiff 125 1.3 17 0.84 100 1.13 4.00 

12.06 39.5 15.50 3.51 4 4 Silly Clay to Clay CL sliff 125 1.8 9 0.84 100 0.82 3.28 

12.20 40.0 14.77 2.00 5 5 Clayey Silt to Silty Clay MUCL stiff 120 2.5 6 0.83 100 0.78 3.91 

12.35 40.5 13.50 2.07 5 5 Clayey Slit to SIiiy Clay MUCL sUff 120 2.5 5 0.83 100 0.70 3,43 

12.50 41.0 15.96 3.29 4 4 SIity Clay to Clay CL sliff 125 1.8 9 0.82 100 0.85 3.28 

12.65 41.5 15.32 3.05 5 5 Clayey Sift to SIity Clay MUCL stiff 120 2.5 6 0.82 100 0.61 4.00 

12.80 42.0 14.74 2.01 5 5 Clayey Sill to SIity Clay MUCL stiff 120 2.5 6 0.82 100 0.77 3.66 

12.95 42.5 17.48 2.54 5 5 Clayey Silt to Silty Clay MUCL stiff 120 2.5 7 0.81 100 0.93 4.78 

13.10 43.0 22.47 2.60 5 5 Clayey Sill to SIity Glay MUCL very stiff 120 2.5 9 0.81 100 1.23 7.13 

13.25 43.5 20.78 2.49 5 5 Clayey Sill to Silty Clay MUCL very stiff 120 2.5 a 0.61 100 1.13 6.21 

13.40 44.0 21.29 2.62 5 5 Clayey Silt to SIity Clay ML/CL very stiff 120 2.5 9 o.80 100 1.16 6.43 

13.56 44.5 19.71 2.35 5 5 Clayey Silt to Silty Clay MUCL very stiff 120 2.5 8 0.80 100 1.06 5.53 

13.73 45.0 19.60 2.17 5 5 Clayey Silt to Silty Clay MUCL very stiff 120 2.5 8 0.80 100 1.05 5.42 

13.88 45.5 16.05 1.84 6 6 Sandy Silt to Clayey Slit ML vary loose 116 3.5 5 0.79 13.5 100 13 30 

14.03 46,0 17.42 2.29 5 5 Clayey Sill to Silty Clay MUl.,L suii i20 2.5 T U.i9 100 0.92 4.28 

14.18 46.5 19.49 2.03 6 6 Sandy Silt to Clayey Sill ML very loose 115 3.5 6 0.79 14.5 100 15 30 
1A '.-1'.\ A7n 17 QQ ? 10 Ii /; l':IA!'A~ !'lilt fn !':Illy Clev MUCL stiff 120 2.5 7 0.76 100 0.96 4.37 

14.48 47.5 16.62 1.85 5 5 Clayey Slit to Silty Clay MUCL sUff 120 2.5 7 0.76 100 0.88 3.83 

14.63 48.0 16.66 1.91 5 6 Clayey Silt to Silty Clay ML/CL stiff 120 2.5 7 0.78 100 0.88 3.83 

14.76 4B.5 15.96 1.83 5 6 Clayey Slit to SIity Clay MUCL stiff 120 2.5 6 0.77 100 0 .83 3.58 

14.93 49.0 15.56 1.78 5 5 Clayey Silt lo Silty Clay MUCL stiff 120 2.5 6 0.77 100 0.81 3.35 

15.10 49.5 14.69 1.48 6 6 Sandy Silt lo Clayey Slit ML very loose 115 3.5 4 0.77 10.8 100 7 29 



EEC ORIGINAL PKG

CLIENT: ORMAT CONE PENETROMETER: HOLGUIN, FAHAN & ASSC. Truck Mounted Electric 

PROJECT: ORMAT Heber 2 Facilities, Heber, CA Cone v,,ith 23 ton reaction weight 

~ 

LOCATION: See Site and Sorin Location Plan 

INTERPRETED SOIL PROFILE 
From Robertson & Campanella (1989) 
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EEC ORIGINAL PKG

LANDMARK CONSULTANTS, INC. 

CONE PENETROMETER INTERPRETATION (based on Robertson & Campanella, 1989, rarer to Kay to CPT logs) 

b.er.2-J=..aclli e 
PT-2 

Cn Est. 

Soll Density or Nonn. 

C!asslficalion Q 1n 

0.15 0.5 70.26 4.52 5 5 Clayey Silt to Silty Clay MUCL hard 120 2.5 28 2.00 50 4.13 =-10 

0.30 1.0 77.62 5.9711 11 Overconsolldated Soil ?? very dense 120 1.0 76 2.00 147.1 55 110 43 

0.45 1.5 91.96 5.3111 11 Overconsolldaled Soll n very dense 120 1.0 92 2.00 173.9 50 107 43 
0.60 2.0 129.94 J,76 6 6 Sandy Slit lo Clayey Silt ML very dense 115 3.5 37 2.00 245.6 35 113 44 
0.76 2.5 119.62 3.11 6 6 Sandy Slit to Clayey Slit ML very dense 115 3.5 34 2.00 226.1 30 107 43 

0.93 3.0 137.68 2.51 7 7 SIity Sand to Sandy SIil SM/ML very dense 115 4.5 31 2.00 260.3 25 108 43 
1.08 3.5 140.87 2.30 7 7 SIily Sand to Sandy Silt SM/ML verydanso 115 4.5 31 2.00 268.3 25 106 43 

1.23 4.0 139.35 2.04 7 7 SIity Sand to Sandy Slit SM/ML very dense 115 4.5 31 2.00 263.4 20 104 43 

1.36 4.5 144.65 2.01 7 7 Silty Sand to Sandy Slit SM/ML very dense 115 4.5 32 2.00 273.8 20 103 42 

1.53 5.0 113.08 2.24 7 7 SIity Sand to Sandy Silt SM/ML very dense 115 4.5 25 1.95 206.9 25 94 41 

1.68 5.5 62.70 3.36 5 5 Clayey Silt to Silty Clay ML/CL hard 120 2.5 21 1.86 50 3.08 >10 

1.63 6.0 13.87 4.01 3 3 Clay CL/CH sUff 125 1,3 11 1.77 95 0.80 :>10 

1.98 6.5 15.06 5.36 3 3 Clay CL/CH stiff 125 1.3 12 1.70 95 0.67 >10 

2.13 7.0 14.77 4,81 3 3 Clay CL/CH stiff 125 1.3 12 1.63 95 0.85 >10 

2.28 7.5 13.38 3.90 3 3 Clay CL/CH stiff 125 1.3 11 1.57 90 0.76 :>10 

2.45 8.0 12.25 3.27 4 4 SIity Clay to Clay CL Sliff 125 1.6 7 1.51 90 0.69 >10 

2.60 8.5 11.34 3.86 3 3 Clay CL/CH stiff 126 1.3 9 1.46 100 0.64 9.79 

2.75 9.0 13.62 4.43 3 3 Clay CUCH stiff 125 1.3 11 1.42 95 0.77 >10 

2.90 9.5 14.76 4.97 3 3 Clay CL/CH &Uff 125 1.3 12 1.38 100 0.84 >10 

3.05 10.0 15.04 5.19 3 3 Clay CL/CH stiff 125 1.3 12 1.34 100 0.85 >10 

3.20 10.5 17.24 5.61 3 3 Clay CL/CH stiff 125 1.3 14 1.33 100 0.96 =-10 

3.35 11.0 17.82 5.31 3 3 Clay CUCH vary stiff 125 1.3 14 1.31 100 1.01 :>10 

3.50 11.5 16.22 4.53 3 3 Clay CL/CH sUff 125 1.3 13 1.29 100 0.92 =-10 

3.65 12.0 14.59 4.45 3 3 Clay CL/CH sUff 125 1.3 12 1.28 100 0.82 9.19 

3.80 12.5 15.95 4.89 3 3 Clay CUCH stiff 125 1.3 13 1.26 100 0.90 >10 

3.95 13.0 16.10 5.07 3 3 Clay CUCH stiff 125 1.3 13 1.25 100 0.91 >10 

4.13 13.5 20.52 5.55 3 3 Clay CUCH very stiff 125 1.3 16 1.23 100 1.11 >10 

4.28 14.0 22.48 5.55 3 3 Clay CUCH very stiff 125 1.3 18 1.22 100 1.28 >10 

4.43 14.5 20.89 5.42 3 3 Clay CUCH very atlff 125 1.3 17 1.21 100 1.19 =-10 

4.56 15.0 17.79 5.37 3 3 Clay CL/CH very stiff 125 1.3 14 1.19 100 1.00 :>10 

4.73 15.5 19.47 5.8b J J Clay CUCl1 very suff i25 i.3 i6 i , i8 100 1.10 ~,v 

4.68 16.0 19.76 5.77 3 3 Clay CL/CH very stiff 125 1.3 16 1.17 100 1.12 >10 

5.03 18.5 ?.?.53 !Hl1 3 3 Clav CUCH verv sllff 125 1.3 18 1.16 100 1.28 :>10 

5.18 17.0 21.67 5.09 3 3 Clay CL/CH very stiff 125 1.3 17 1.15 100 1.23 =-10 

5.33 17.5 22.15 5.77 3 3 Clay CL/CH very stiff 125 1.3 18 1.13 100 1.25 :>10 

5.48 18.0 21.43 6.10 3 3 Clay CL/CH very stiff 125 1.3 17 1.12 100 1.21 :>10 

5.65 18.5 21.56 5.34 3 3 Clay CL/CH very stiff 125 1.3 17 1.11 100 1.22 >10 

5.80 19.0 22.73 5.72 3 3 Clay CL/CH very stiff 125 1.3 18 1.10 100 1.29 >10 

5.95 19.5 30.63 5.48 3 3 Clay CL/CH very stiff 125 1.3 25 1.09 95 1.75 >10 

a.10 20 .0 17.95 6.14 3 3 Ci&y VU'vn vary st:ff ,n~ . ~ ., 
◄ no 100 1.00 7.41 l.<;'-9 '"' , .. ,.vu 

6.25 20.5 17.30 5.70 3 3 Clay CL/CH stiff 125 1.3 14 1.07 100 0.96 6.65 

8.40 21.0 16.60 6.99 3 3 Clay CL/CH stiff 125 1.3 13 1.07 100 0.92 6.10 

6.55 21 .5 26.75 7.44 3 3 Clay CL/CH very stiff 125 1.3 21 1.06 100 1.52 >10 

6.70 22.0 26.17 6.81 3 3 Clay CUCH very stiff 125 1.3 23 1.05 100 1.60 :>10 

6.85 22.5 20.17 7.24 3 3 Clay CUCH verys!lff 125 1.3 16 1.04 100 1.13 7.85 

7.00 23.0 16.15 5.62 3 3 Clay CL/CH stiff 125 1.3 13 1.03 100 0.89 5,21 

7.18 23.5 21.37 6.84 3 3 Clay CUCH very stiff 125 1.3 17 1.02 1UU ·1.20 8.27 

7.33 24,0 24.23 5.98 3 3 Clay CUCH very stiff 125 1.3 19 1.02 100 1.36 =-10 

7.48 24.5 27.09 8.88 3 3 Cley CUCH very sUff 125 1.3 22 1.01 100 1.53 :>10 

7.63 25.0 23.97 6.46 ·3 3 Clay CL/CH very stiff 125 1.3 19 1.00 100 1.35 9.39 

7.78 25.5 25.90 6.98 3 3 Clay CUCH very stiff 125 1.3 21 0.99 100 1.46 >10 

7.93 26.0 24.80 6.17 3 3 Clay CUCH very stiff 125 1.3 20 0.99 100 1.39 9.59 

8.06 26.5 22.94 5.66 3 3 Clay CL/CH very sHff 125 1.3 18 0.96 100 1.28 6.00 

8.23 27.0 22.28 5.92 3 3 Clay CUCH very stiff 125 1.3 18 0.97 100 1.24 7.27 

6.38 27,5 20.15 6.14 3 3 Clay CL/CH very sUff 125 1.3 16 0.97 100 1.12 6.10 

6.53 28.0 24.13 6.05 3 3 Clay CL/CH very stiff 125 1.3 19 0.96 100 1.35 8.14 

8.68 28.5 28.26 5.66 3 3 Clay CUCH very stiff 125 1.3 23 0.95 100 1.59 :>10 

8.65 29.0 26.02 5.73 3 3 Clay CUCH verystlff 125 1.3 21 0.95 100 1.46 8.65 

9.00 29.5 28.06 6.01 3 3 Clay CUCH very sliff 125 1.3 22 0,94 100 1.56 =-10 

9.15 30.0 29.72 6.57 3 3 Clay CUCH vary stiff 125 1.3 24 0.93 100 1.66 >10 



EEC ORIGINAL PKG

LANDMARK CONSULTANTS, INC. 

CONE PENETROMETER INTERPRETATION (based on Robertson & Campanella, 1989, refer to Key to CPT logs) 

lltlai.J:leJm...C 

Est. Qc 
Density or Density lo SPT or Dens. Phi Su 

_U.§C Co!]SJ~~ N N 60 OCR 

9.30 30.S 28.55 8.41 3 3 Clay CUCH very stiff 125 1.3 23 0.93 100 1.61 >10 
9.45 31.0 31 ,07 8,84 3 3 Clay CL/CH very stiff 125 1.3 25 0.92 100 1.75 >10 
9.60 31.5 34.71 6.59 3 3 Clay CUCH very stiff 125 1.3 28 0.92 100 1.97 >10 
9.75 32.0 35.27 6,25 3 3 Clay CUCH verysliff 125 1.3 28 0.91 100 2.00 >10 
9.90 32.5 37.01 5.85 3 3 Clay CUCH hard 125 1.3 30 0.91 100 2.10 >10 

10.05 33.0 32.37 5.31 3 3 Clay CL/CH very stiff 125 1.3 26 o.so 100 1.83 >10 
10.20 33,5 30.28 5.70 3 3 Clay CUCH very stiff 125 1.3 24 0.89 100 1.70 9.59 
10.36 34.0 29.97 5.71 3 3 Clay CL/CH very stiff 125 1.3 24 0,89 100 1.68 9.19 
10.53 34.5 34.16 5.42 3 3 Clay CL/CH very stiff 125 1.3 27 0.88 100 1.93 >10 
10.68 35.0 31.53 5.44 3 3 Clay CL/CH very stiff 125 1.3 25 0.88 100 1.77 9.79 
10.83 35.5 33.18 4.62 4 4 Silty Clay to Clay CL verysllff 125 1.8 19 0 .87 100 1.87 >10 
10.98 36.0 31.41 5.32 3 3 Clay CL/CH very stiff 125 1.3 25 0.87 100 1.77 9.19 
11.13 36.5 28.95 4.94 3 3 Clay CLfCH very stiff 125 1.3 23 0.86 100 1,62 7.70 
11.28 37.0 23.74 5.43 3 3 Clay CL/CH very stiff 125 1.3 19 0.86 100 1.31 5.42 
11 .43 37.5 24.03 5.19 3 3 Clay CLfCH vary stiff 125 1.3 19 0 .85 100 1.33 5.42 
11.58 38.0 28.73 5.18 3 3 Clay CUCH verysllff 125 1.3 23 0.85 100 1.60 7.13 
11.73 38.5 29.89 5.19 3 3 Clay CLfCH very stiff 125 1.3 24 0.85 100 1.67 7.56 
11.68 39.0 29.55 5.05 3 3 Clay CUCH very stiff 126 1.3 24 0.84 100 1.85 7.27 
12.05 39.5 25.32 4.72 3 3 Clay CLfCH very stiff 125 1.3 20 0.84 100 1.40 5.53 
12.20 40.0 22.19 4.46 3 3 Clay CL/CH very stiff 125 1.3 18 0.63 100 1.22 4.37 
12.35 40.5 24.43 4.30 4 4 Silty Clay to Clay CL very stiff 125 1.8 14 0.83 100 1,35 6.54 
12.50 41.0 24.85 3.66 5 5 Clayey Slit to Silty Clay MLfCL very stiff 120 2.5 10 0.82 100 1.37 9.39 
12.65 41.5 21.29 3.25 5 5 Clayey Slit to SIity Clay MUCL very sllff 120 2.5 9 0.82 100 1.16 8.88 
12.80 42.0 19.81 3.04 5 5 Clayey Slit to SIity Clay ML/CL very stiff 120 2.5 8 0.82 100 1.07 6.00 
12.95 42.5 18.87 2.79 5 5 Clayey Silt to Silty Clay MUCL verysUff 120 2.5 8 Q.81 100 1.02 5.42 
13.10 43.0 19.80 2.48 5 5 Clayey Slit to SIity Clay ML/CL very stiff 120 2.5 8 0.81 100 1.06 5.76 
13.26 43.5 21 .70 2.84 5 6 Clayey Slit to SIity Clay ML/Cl very stiff 120 2.5 9 0.61 100 1.18 6.65 
13.40 44 .0 22.24 2.62 5 5 Clayey Slit to Silly Clay MUCL very stiff 120 2.5 9 0.80 100 1.21 8.88 
13.58 44.5 22.52 2.78 6 5 Clayay Slit to SIity Clay ML/CL very stiff 120 2.5 9 0.80 100 1.23 6.88 
13.73 45.0 25.15 3.77 5 5 Clayey SIii to SIity Clay MUCL very stiff 120 2.5 10 0.80 100 1.38 8.27 
13.88 45.5 26,20 3.60 5 5 Clayey Slit to SIity Clay ML/CL very stiff 120 2.5 10 0.79 100 1.44 8.85 
14.03 46.0 24.44 3.02 5 5 Clayey Slit to Silty Clay Ml/CL very stiff 120 2.5 10 0.79 100 1.34 7.70 
14.16 46.5 22.65 2.43 5 5 Clayey Slit to Silty Clay ML/CL very stiff 120 2.5 9 0.79 100 1.23 6.54 
14.33 47.0 20.81 1.98 8 6 San<ly Slit to Clayey SIii ML very loose 115 3.5 6 0.76 15.4 100 17 30 
14.48 47.5 20.51 2.12 6 6 Sandy Slit to Clayey Slit ML very loose 115 3,5 6 D.78 15.1 100 17 30 
14.63 48.0 22.61 2.50 5 5 Clayey Slit to SIity Clay ML/Cl very stiff 120 2.5 9 0.78 100 1.23 8.32 
14.78 48.5 20.83 2.13 6 6 Sandy Slit to Clayey Silt ML very loose 115 3.6 6 0.77 15.2 100 17 30 
14.93 49.0 20.93 2.27 5 5 Clayey Slit to SIity Clay ML/CL very sHff 120 2.5 8 0.77 100 1.13 5.42 
15.10 49.5 20.67 2.11 6 6 Sandy Slit to Clayey SIil ML very loose 115 3.5 6 0,77 15.0 100 16 30 
15.25 50.0 19.06 2.25 5 5 Clayey Slit to SIity Clay MLfCL very stiff 120 2.5 8 0,76 100 1.01 4.41 



EEC ORIGINAL PKG

CLIENT: ORMAT CONE PENE;TROMETER; HOLGUIN, FAHAN & ASSC. Truck Mounted Electric 

PROJECT: ORMAT Heber 2 Facilities, Heber, CA Cone with 23 ton reaction weight 

LOCATION: See Site and Borin Location Plan DATE: 12/20/04 

( 
LOG OF CONE SOUNDING DATA CPT-3 

INTERPRETED SOIL PROFILE TIP RESISTANCE SLEEVE FRICTION FRICTION RATIO 

~ From Robertson & Campanella (1989) Qc(lsf) Fs (ts!) FR ~ Fs/Qc (%) 
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EEC ORIGINAL PKG

LANDMARK CONSULTANTS, INC. 

CONE PENETROMETER INTERPRETATION (based on Robertson & Campanella, 1989, refer to Key to CPT logs) 

NE : . 
Phi Correlalion; 

Avg Avg Esl. Qc en Est. 
Tip Friction Soll Soll Densllyor Density SPT or Su 
c lsf RaOo % T Classlflca Jon USC Conslstonc 

0.15 0.5 51,76 3.36 5 5 Clayey Slit to Silty Clay MUCL hard 120 2.5 21 2.00 50 3.04 >10 
0.30 1.0 46.42 7.56 3 3 Clay CUCH hard 125 1.3 37 2.00 75 2.73 >10 
0 .45 1.5 40.35 6.79 3 3 Clay CUCH hard 125 1.3 32 2.00 75 2.37 >10 
0.60 2.0 61 .72 4.80 4 4 SIity Clay lo Clay CL hard 125 1.8 35 2.00 55 3.62 >10 
0.75 2.5 109.67 3.07 6 6 Sandy SIii to Clayey Slit ML very dense 115 3.5 31 2.00 207.3 35 104 43 
0.93 3.0 118.60 2.64 7 7 SIity Sand to Sandy Silt SM/ML very dense 115 4.5 26 2.00 224.2 30 103 42 
1.08 3.5 127.70 2.43 7 7 SIily Sand to Sandy Silt SM/ML very dense 115 4.5 28 2.00 241.4 25 103 42 
1.23 4.0 131.15 2.02 7 7 Silly Send to Sandy Slit SM/ML very dense 115 4.5 29 2.00 247.9 25 102 42 
1.38 4.5 147.55 1.96 7 7 Silly Sand to Sandy Sill SM/ML very dense 115 4.5 33 2.00 276.9 20 103 42 
1.53 5.0 148.38 2.05 7 7 Silly Sand to Sandy Sill SM/ML very dense 115 4.5 33 1.94 271.7 20 102 42 
1.68 5.5 111.44 2.28 7 7 SIily Sand to Sandy Slit SM/ML very dense 115 4.5 25 1.85 194.4 25 92 41 
1.63 6.0 40.17 4.02 5 5 Clayey Slit to Silty Clay MUCL hard 120 2.5 16 1.76 60 2.34 >10 
1.98 6.5 13.36 5.18 3 3 Clay CUCH stiff 125 1.3 11 1.69 100 0.76 >10 
2.13 7.0 13.22 5.65 3 3 Clay CUCH stiff 125 1.3 11 1.62 100 0.75 >10 
2.28 7.5 7.68 4.85 3 3 Clay CUCH flrm 125 1.3 6 1,56 100 0.43 6.10 
2.45 8.0 11.50 4.55 3 3 Clay CUCH stiff 125 1.3 9 1.51 100 0.65 ,-10 
2.60 8.5 10,61 3.49 4 4 SIiiy Clay lo Clay CL stiff 125 1.8 6 1.46 95 0.60 >10 
2.75 9.0 9.81 4.10 3 3 Clay CUCH stiff 125 1.3 6 1.42 100 0.55 6.54 
2.90 9.5 10.85 5.09 3 3 Clay CL/CH stiff 125 1.3 9 1.38 100 0.61 7.00 
3.05 10.0 14.61 6.36 3 3 Clay CUCH stiff 125 1.3 12 1.34 100 0.82 >10 
3 .20 10.5 14.97 6.91 3 3 Clay CUCH stiff 125 1.3 12 1.32 100 0.85 >10 
3.35 11 ,0 14.49 6.53 3 3 Clay CUCH sUff 125 1.3 12 1.31 100 0.82 >10 
3.50 11.5 15.94 5.42 3 3 Clay CL/CH stiff 125 1.3 13 1.29 100 0.90 >10 
3.65 12.0 14.15 5.01 3 3 Clay CUCH stiff 125 1.3 11 1.27 100 0.79 8.56 
3.80 12.5 20.31 5.15 3 3 Clay CUCH very slfff 125 1.3 16 1.26 95 1.16 >10 
3.95 13.0 23.81 5.79 3 3 Clay Cl/CH very stiff 125 1.3 19 1.24 95 ~ 1.36 >10 
4.13 13.5 18.35 6.42 3 3 Clay CUCH very smr 125 1.3 15 1.23 100 1.04 >10 
4.28 14.0 18.13 6.73 3 3 Clay CL/CH very stiff 125 1.3 15 1.22 100 1.02 >10 
4.43 14,5 19.70 6.56 3 3 Clay CUCH very sUff 125 1.3 16 1.20 100 1.12 >10 
4.58 15.0 18.0T 5.71 3 3 Clay CUCH very stiff 125 1.3 14 1.19 100 1.02 >10 
4.73 15.5 14.86 5.24 3 3 Clay CUCH stiff 125 1.3 12 1.18 100 0.83 7.00 
4.88 16.0 14.60 5.69 3 3 Clay CL/CH sUff 125 1.3 12 1.17 100 0.81 6.65 
5.03 16.5 13.49 6.25 3 3 Clay CUCH stiff 125 1.3 11 1.16 100 0.75 5.65 
5.18 17.0 13.31 5.44 3 3 Clay CL/CH stiff 125 1.3 11 1.14 100 0.74 5.31 
5.33 17.5 16.20 6.21 3 3 Clay CUCH stiff 125 1.3 13 1.13 100 0.90 7.13 
5.48 18.0 19.16 5.98 3 3 Clay CL/CH very stiff 125 1.3 15 1.12 100 1.08 9.69 
5.65 18.5 15.49 6.80 3 3 Clay CUCH stiff 125 1.3 12 1.11 100 0.86 6.32 
5,80 19.0 15.81 6.89 3 3 Clay CUCH sUff 125 1.3 13 1.10 100 0.86 6.32 
5.95 19.5 16.32 7.00 3 3 Clay CUCH stiff 125 1.3 13 1.09 100 0.91 6.43 
6.10 20.0 17.26 5.95 3 3 Clay CL/CH stiff 125 1.3 14 1.08 100 0.96 6.88 
6.25 20.5 13.28 5.76 3 3 Clay CUCH aUff 125 1.3 11 1.07 100 0.73 4.37 
6.40 21.0 11.14 6.84 3 3 Clay CUCH stiff 125 1.3 9 1.06 100 0.60 3.28 
6.55 21 .5 12.48 7.40 3 3 Clay CUCH stiff 125 1.3 10 1.06 100 0.66 3.74 
6.70 22.0 14.92 7.62 3 3 Clay CL/CH stiff 125 1.3 12 1.05 100 0.82 4.89 
6.85 22.5 17.77 6.98 3 3 Clay CUCH sUff 125 1.3 14 1.04 100 0.99 6.32 
7.00 23.0 21.45 7.34 3 3 Clay CUCH verysUff 125 1.3 17 1.03 100 1.20 8.41 
7.18 23.5 24.58 7.84 3 3 Clay CUCH vary sllff 125 1.3 20 1.02 100 1.39 >10 
7.33 24.0 51.65 3.68 5 5 Clayey Silt lo Silly Clay MUCL hard 120 2.5 21 1,02 70 2.98 >10 
7.48 24.5 34.37 4.91 3 3 Clay CL/CH very stiff 125 1.3 27 1.01 95 1.90 >10 
7.63 25.0 18.84 5.44 3 3 Clay CL/CH vary stiff 125 1.3 15 1.00 100 1.05 6.10 
7.78 25.5 21.09 6.11 3 3 Clay CL/CH very stiff 125 1.3 17 0.99 100 1.18 7.13 
7.93 26.0 26.12 5.49 3 3 Clay CUCH very stiff 125 1.3 21 0.99 100 1.47 >10 
8.08 26.5 26.28 5.55 3 3 Clay CUCH very stiff 125 1.3 21 0.98 100 1.48 >10 
8.23 27.0 21 .92 5.06 3 3 Clay CUCH very stiff 125 1.3 16 0.97 100 1.22 7.13 
8.38 27.5 23.63 6.15 3 3 Clay CL/CH very stiff 125 1.3 19 0.97 100 1.32 8.00 
8.53 28.0 20.49 6.07 3 3 Clay CUCH very sUff 125 1.3 16 0.96 100 1.14 6.10 
8.88 28.5 19.11 5.87 3 3 Clay CUCH very sUff 125 1.3 15 0.95 100 1.06 5.31 
8.85 29.0 18.15 5.24 3 3 Clay CUCH sliff 125 1.3 15 0.95 100 1.00 4.78 
9.00 29.5 21.72 6.18 3 3 Clay CUCH very stl ff 125 1.3 17 0.94 100 1.21 6.32 
9.15 30.0 20.63 6.55 3 3 Clay CL/CH very sUff 125 1.3 17 0.03 100 1.14 5.65 
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CONE PENETROMETER INTERPRETATION (based on Robertson & Campanella, 1989, refer to Key to CPT logs) 

L2! 

p 

Est. Oc 
Density or Density to SPT 

use Conslsten N N 60 

8.30 30.5 22.80 7 .51 3 3 Clay CL/CH verysUff 125 1.3 18 0.93 100 1.27 6.54 

9.45 31.0 20.57 6.23 3 3 Clay CL/CH very stiff 125 1.3 16 0.92 100 1.14 5.42 

9.60 31.5 19.55 6.90 3 3 Clay CL/CH very sUff 125 1.3 16 0.92 100 1.08 4.89 

9.75 32.0 23.76 8.37 3 3 Clay CUCH very sUff 125 1.3 19 0.91 100 1.32 6.54 

9.90 32.5 24.30 8.05 3 3 Clay CL/CH very stiff 125 1.3 19 0.90 100 1.35 6.65 

10.05 33.0 22.78 6.54 3 3 Clay CL/CH very sli_ff 125 1.3 18 0.90 100 1.26 5.88 

10.20 33.5 21.56 5.91 3 3 Clay CL/CH very stiff 125 1.3 17 0.89 100 1.19 5.31 

10.38 34.0 20.82 6.40 3 3 Clay CL/CH very sllff 125 1.3 17 0.89 100 1.15 4.89 

10.53 34.5 21.17 6.04 3 3 Clay CL/CH very stiff 125 1.3 17 0.88 100 1.17 4.89 
10.68 35.0 24.71 6.05 3 3 Clay CUCH very stllf 125 1.3 20 0,88 100 1.37 6.21 

10.63 35.5 23.14 5.91 3 3 Clay CL/CH very stiff 125 1.3 19 0.87 100 1.26 5.53 

10.98 36-.0 19,96 5.21 3 3 Clay CL/CH very sUff 125 1.3 16 0.87 100 1.09 4.28 
11 .13 36.5 19.03 4.86 3 3 Clay CL/CH very stiff 125 1.3 15 0.86 100 1.04 3.91 

11 .28 37.0 16.19 4.33 3 3 Clay CL/CH stiff 125 1.3 13 0.86 100 0 .87 3,07 

11 .43 37.5 16.02 5.36 3 3 Clay CUCH stiff 125 1.3 13 0,85 100 0.86 3.00 

11 .58 38.0 16.15 5.06 3 3 Clay CUCH stiff 125 1.3 13 0.85 100 0.86 3.00 

11.73 38.5 17,81 4.75 3 3 Clay CL/CH stiff 125 1.3 14 0.85 100 0 .96 3.35 

11 ,86 39.0 21 .66 4.41 4 4 SIiiy Clay lo Clay CL very stiff 125 1.8 12 0.84 100 1.19 5.65 

12,05 39.5 20.16 3.42 5 5 Clayey Slit lo Silty Clay MlJCL very sUff 120 2.5 8 0.84 100 1.10 6.65 

12.20 40.0 17.00 2.62 5 5 Clayey Slit to Silty Clay ML/CL stiff 120 2.5 7 0.83 100 0.91 5.00 

12.35 40.5 20.64 4.32 4 4 Silty Clay to Clay CL very stiff 125 1.8 12 0 .83 100 1.12 5.00 

12.50 41.0 36.57 3.70 5 5 Clayey Silt to Silty Clay MLJCL hard 120 2.5 15 0.82 95 2.06 >10 

12.65 41.5 31.64 4.64 4 4 Silty Clay to Clay CL very stiff 125 1.8 18 0.82 100 1.77 >10 

12.60 42.0 23.58 3.56 5 5 Clayey SUI lo Silly Clay MLJCL very stiff 120 2.5 9 0.82 100 1.29 8.14 

12.95 42.5 24.97 3.28 5 5 Clayey Slit lo Silly Clay ML/CL very stiff 120 2.5 10 0.81 100 1.37 8.85 
13.10 43.0 19.07 2.71 5 5 Clayey SUI to SIity Clay MUCL very sUff 120 2.5 8 0.81 100 1.03 5.42 
13.25 43.5 18.86 2.98 5 5 Clayey Sill lo Silly Clay ML/CL very sUff 120 2.5 8 0.81 100 1.01 5.31 

13.40 44.0 19.54 3,20 5 5 Clayey Silt to Silly Clay MLJCL very stiff 120 2.5 8 0.80 100 1,05 5.53 

13.56 44.5 19.29 3.97 4 4 SIity Clay lo Clay CL very sUlf 125 1.8 11 0.80 100 1.04 3.91 

13.73 45.0 19.79 3.86 4 4 SIity Clay to Clay CL very stiff 125 1.8 11 0.8D 100 1.07 4.00 

13.88 45.5 17.66 3.31 5 5 Clayey Slit to SIiiy Clay ML/CL stiff 120 2.5 7 0.79 100 0.94 4.47 

I i4.03 46.0 i 6.42 2.iii 5 5 Clayey Silt to S111y Ciay MLiCL siili i20 2.5 7 0.79 iOO 0.87 3.S1 
14.18 46.5 15.61 2.35 5 5 Clayey Silt to Silly Clay ML/CL sUff 120 2.5 6 0.78 100 0.82 3.58 

14.33 47.0 16.68 1.80 6 6 Sandv Silt lo Clavev Silt ML vervloose 115 3.5 5 0.78 12.3 100 11 29 

14.48 47.5 16.25 1.80 6 6 Sandy Slit to Clayey Silt ML very loose 115 3.5 5 0.76 13.4 100 13 30 
14.63 46.0 19.39 2.43 5 5 Clayey Slit to Silty Clay ML/CL very stiff 120 2.5 8 0.78 100 1.04 4.89 

14.78 48.5 19.39 3.87 4 4 Silty Clay to Clay CL very stiff 125 1.8 11 0.77 100 1.04 3.58 

14.93 49.0 19.13 2.69 5 5 Clayey Sill to Silly Clay ML/CL very stiff 120 2.5 8 0.77 100 1.02 4.57 

15.10 49.5 16.46 1.59 6 6 Sandy Slit to Clayey Silt ML very loose 115 3.5 5 0.77 11 .9 100 10 29 

15.25 50.0 16.91 2.83 5 5 Clayey Slit lo Silty Clay ML/CL sUff 120 2.5 7 0.76 100 0.89 3.74 
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