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Seismic Calibration Shots Conducted in 2009 in the
Imperial Valley, Southern California, for the Salton
Seismic Imaging Project (SSIP)

By Janice Murphy?, Mark Goldman?, Gary Fuis?, Michael Rymer?, Robert Sicklerl, Summer Miller2, Lesley
Butcher?, Jason Ricketts?, Coyn Criley!, Joann Stock3, John Hole4, and Greg Chavez®

Abstract

The Salton Seismic Imaging Project (SSIP) is a large-scale collaborative project with the
goal of developing a detailed 3-D structural image of the Salton Trough (including both the
Coachella and Imperial Valleys). The image will be used for earthquake hazard analysis,
geothermal studies, and studies of plate-boundary transition from an ocean-ocean to a continent-
continent plate-boundary.

As part of SSIP, a series of calibration shots were detonated in June 2009 in the southern
Imperial Valley for four specific reasons: (1) to measure peak particle velocity and acceleration
at various distances from the shots, (2) to calibrate the propagation of energy through sediments
of the Imperial Valley, (3) to test the effects of seismic energy on buried clay drainage pipes,
which are abundant throughout the irrigated parts of the Salton Trough, and (4) to test the ODEX
drilling technique, which uses a downhole casing hammer for a tight casing fit.

Currently, we are using information obtained from the calibration shots to plan the data
collection phase of the SSIP project. We have validated the use of ground-motion tables
developed with Los Angeles Region Seismic Experiment (LARSE) data for use in the Imperial
Valley and we have demonstrated that seismic energy from shots will not damage the drainage
pipes used throughout the Salton Trough for irrigation.
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Introduction

Rupture of the southern section of the San Andreas Fault, from the Coachella Valley to
the Mojave Desert, is believed to be the greatest natural hazard facing California in the near
future. With an estimated magnitude between 7.2 and 8.1, such an event would result in violent
shaking, loss of life, and disruption of lifelines (freeways, aqueducts, power, petroleum, and
communication lines) that would bring much of southern California to a standstill. As part of the
Nation’s efforts to prevent a catastrophe of this magnitude, a number of projects are underway to
increase our knowledge of Earth processes in the area and to mitigate the effects of such an
event.

One such project is the Salton Seismic Imaging Project (SSIP), which is a collaborative
venture between the United States Geological Survey (USGS), California Institute of
Technology (Caltech), and Virginia Polytechnic Institute and State University (Virginia Tech).
This project will generate and record seismic waves that travel through the crust and upper
mantle of the Salton Trough. With these data, we will construct seismic images of the
subsurface, both reflection and tomographic images. These images will contribute to the
earthquake-hazard assessment in southern California by helping to constrain fault locations,
sedimentary basin thickness and geometry, and sedimentary seismic velocity distributions. Data
acquisition is currently scheduled for winter and spring of 2011.

The design and goals of SSIP resemble those of the Los Angeles Region Seismic
Experiment (LARSE) of the 1990’s (Murphy and others, 1996; Henyey and others, 1999; Fuis
and others, 2001a,b; Murphy and others, 2002; Fuis and others, 2003). LARSE focused on
examining the San Andreas Fault system and associated thrust-fault systems of the Transverse
Ranges. LARSE was successful in constraining the geometry of the San Andreas Fault at depth
and in relating this geometry to mid-crustal, flower-structure-like decollements in the Transverse
Ranges that splay upward into the network of hazardous thrust faults that caused the 1971 M 6.7
San Fernando and 1987 M 5.9 Whittier Narrows earthquakes. The project also succeeded in
determining the depths and seismic-velocity distributions of several sedimentary basins,
including the Los Angeles Basin, San Fernando Valley, and Antelope Valley. These results
advanced our ability to understand and assess earthquake hazards in the Los Angeles region.

In order to facilitate permitting and planning for the data collection phase of SSIP, in
June of 2009 we set off calibration shots and recorded the seismic data with a variety of
instruments at varying distances (fig. 1). We also exposed sections of buried clay drainage pipe
near the shot points to determine the effect of seismic energy on the pipes. Clay drainage pipes
are used by the irrigation districts in both the Coachella and Imperial Valleys to prevent ponding
and remove salts and irrigation water. This report chronicles the calibration project. We present
new near-source velocity data that are used to test the regression curves that were determined for
the LARSE project. These curves are used to create setback tables (Fuis and others, 2001a) to
determine explosive charge size and for placement of shot points. We also found that our shots
did not damage the irrigation pipes and that the ODEX drilling system did well in the clay rich
soils of the Imperial Valley.

Geologic Setting

The Salton Trough is a tectonically complex basin that is affected by three geologic
systems: the Colorado River depositional region, the San Andreas transform fault system, and
the Gulf of California extensional province (fig. 1). Compressional tectonics associated with a



major bend in the San Andreas Fault in the north end of the Salton Trough competes with
extensional tectonics farther south. For more detail on the geologic setting, see appendix 1.

Prior Work

Early seismic work in the Salton Trough by Biehler and others (1964) consisted of short
(10 to 30 km) seismic-refraction lines. A more extensive seismic-refraction study in 1979 (Fuis
and others, 1982, 1984; Fuis and Kohler, 1984) consisted of longer (30 to 90 km) profiles, 1-km-
spaced seismic receivers, and seven shot points that were fired repeatedly. In 1991, additional
shot points and profiles augmented this survey, as described in Parsons and McCarthy (1996).
These two later surveys chiefly addressed structures—faults and sedimentary-basin depths and
shapes—of the Imperial Valley.

The SSIP will extend the prior studies geographically into the Coachella Valley and to
upper-mantle depths throughout the Salton Trough. The project will also provide higher
resolution tomographic and reflection images because it includes a significant increase in the
number of shot points (170) and a significant decrease in seismic receiver spacing (100 to 200
m).

Goals of Calibration Shots

In June 2009, before the data collection phase of SSIP, several test shots were fired and
recorded with four different types of instrumentation. The information gained from these test
shots is needed to design several important aspects of the final project. First, these test shots
measured peak particle velocity and acceleration at various distances from the shot points.
During the LARSE project, we developed tables of particle motion versus shot size and distance
that enable us to determine ground shaking from our shots at nearby buildings and engineered
structures (Fuis and others, 2001a). With the calibration data, we will update the tables for
expected ground motion in the Imperial Valley. Second, the shot data are used to calibrate the
propagation of energy through sediments of the Imperial Valley. With these data, we can make
adjustments to the SSIP plan that will allow us to maximize our imaging results. Third, the shots
were used to test the effect of seismic energy on buried clay drainage pipes. Understanding this
effect is essential to the permitting process because drainage pipes are present throughout the
Salton Trough. Finally, we tested the ODEX drilling technique, which uses a downhole casing
hammer for installation of casing during drilling and for a tight casing fit. It is necessary to find a
suitable drilling technique because the lake clays of the Salton Trough are mobile and can
quickly close a drilled hole.

Project Planning and Design

Permitting

The three shots points were located in a fallow field on land owned by the California
Department of Public Transportation (CalTrans). All of the 6-channel receivers, the Geometrics
cabled array, two Texans, and some of the 3-channel receivers were deployed in this field. All
other instruments were deployed along roads in the Caltrans right-of-way. See appendix 2 for our
proposal to Caltrans and the Caltrans Encroachment Permit.



Shot-Point Drilling and Shots

Three buried explosive charges (shots) were used as sources of seismic energy. The three
shot points were located near the southeast corner of Highway 7 and Heber Road (table 1a, fig.
2), ~18 km southeast of El Centro, Calif. fig. 1). They were arranged linearly in an
approximately north-south array, with an average spacing of 16 m (fig. 2). Each hole was drilled
to a depth between 20 and 27 m and filled with an ammonium nitrate-based blasting agent,
embedded boosters, and a detonating cord (fig. 3). The northernmost shot point (SP1) was drilled
to a depth of 20.7 m and filled with 27 kg (60 Ibs) of explosive (tables 1b and 1c). The second
shot point (SP2) was drilled to a depth of 23.5 m and filled with 68 kg (150 1bs) of explosive.
The third and southernmost shot point (SP3) was drilled to a depth of 27 m and filled with 123
kg (270 1bs) of explosive.

We used the ODEX drilling system, which employs an air-hammer drill and a downhole
casing hammer. It was necessary to lubricate the air-hammer drill with water to control the
adherence of clay to the drill stem. Drilling of the third and deepest shot hole caused an initial
rise of a sand and water slurry to a depth of ~15 m in the cased hole. This slurry was washed out
with water, and a water column was left in the hole to prevent further slurry rise. Each hole was
plugged with bentonite pellets before and after loading the explosives (plugs were placed at the
bottom of the hole and at the top of the explosive column; see fig. 3). After loading the hole, the
top of each explosive column was approximately of 18 m (60 ft) below the surface. Washed
gravel was shoveled on top of the upper bentonite seal to a depth of 1.5 m below the ground
surface. Minutes before the shot time, a detonating cap was attached to the detonating cord in
each hole. To reduce possible airwaves, the cord and cap were lowered into the borehole and
covered with gravel. Detonation of all three holes ejected a mixture of water and gravel to
heights of ~ 6 to 9 m (20 to 30 ft). After detonation the holes at SP1 and SP3 retained some
gravel; SP2 ejected all the gravel and was open to the bottom after detonation.

Seismic Receivers

We deployed a diverse group of seismic receivers to record the shots (table 2; fig. 2).
These instruments included six 6-channel REF TEK RT130’s, seven 3-channel REF TEK
RT130’s, thirty-five 1-channel REF TEK RT125’s (“Texans”), and a 60-channel Geometrics
StrataView cabled array. The 6-channel instruments recorded velocity from an external 3-
component 2-Hz Mark Products L22 velocity sensor (tables 3a and 3b) and recorded acceleration
from an internal 3-component 1500-Hz Colibrys SF 1500 accelerometer (FBA; force-
feedback)(J. Evans, Oral commun., 2010). The accelerometer has a sensitivity of 1.2 V/g
(differential), and the response is essentially flat with 1 pole and no zeros (F. Klein, Oral
commun., 2010). The 3-channel instruments recorded velocity from an external 3-component
4.5-Hz Mark Products L28 velocity sensor (tables 3a and 3b). The Texans recorded velocity
from external single-component 4.5-Hz OYO Geospace GS11 velocity sensors (tables 3a and
3b). The StrataView recorded velocity from 60 cabled vertical-component 40-Hz L40A velocity
Sensors.

The 6-channel instruments were deployed at distances of 3 m to 130 m southwestward
from the shot points and recorded strong motion on-scale with the accelerometers. To extend the
region of 3-component recording, the 3-channel instruments were deployed at distances of 0.27
km to 3.4 km farther southwestward from the shots (fig. 2). Station 106 is a collocation site for a
6-channel receiver and a 3-channel receiver. To obtain data in the transition range from the near
field to the far field, 24 Texans were deployed in a north-south line extending to 40 km north of



the blast site (fig. 4). To sample far-field wave propagation, eight Texans were deployed at
scattered locations east, north, and west of the shot points, at distances ranging from 35 km to 90
km (fig. 5). Two of the remaining three Texans (201 and 252) were collocated with the end-point
sensors (1001 and 1060) of the cabled array and within close proximity to the blast site. The
cabled array was deployed in a 300-m-long line extending from the center of the blast area
northwestward (fig. 2).

The REF TEK seismic receivers were placed in pits ~60 cm deep in firm sandy ground.
The accelerometers are attached to the base of the 6-channel receivers. Therefore, to attain good
coupling, the 6-channel receivers were bolted to a paver stone that was set in mortar and
carefully leveled. For the sites nearest the shots (101, 102, and 103; see fig. 2), rebar was driven
~1 m into the sand, and the paver stones were wired to the rebar to prevent potential uncoupling
during shooting of the nearby shots. Sensors at all multicomponent sites were oriented with a
Brunton compass to magnetic north.

For the north-south array, the single-channel Texan receivers were deployed in shallow
holes along a northward trending line at intervals of 0.5 to 1 km within the first 2 kilometers of
the shot point area. At distances greater than 2 kilometers, Texans were spaced 2 km apart. The
single-component geophones of the cabled array were deployed at 5-m intervals along a
northwest trending line (fig. 2).

Engineered Structures

In addition to recording seismic energy from the blasts, another major goal of the
calibration shots was to directly observe the effect of seismic waves on buried clay drainage
pipes. These pipes are used for irrigation purposes throughout the Imperial Valley and are
abundant in our study area. The drainage pipes are buried at depths of 1 to 3 m and are used to
carry away water and salts from irrigated areas. To obtain permits for detonating shots in the
Salton Trough, it was first necessary to demonstrate to landowners that our shots would not
damage these pipes. Toward that end, we exposed a drain near the shot points with a backhoe
(fig. 6). The exposed pipe was located at distances of 7 m, 13 m, and 15 m from SP1, SP2, and
SP3, respectively (distances are perpendicular from the trench to each shot point).

Data Processing

Shot Times

Normally, shot times are determined from the USGS blaster’s box. During our test shots,
the timing equipment (USGS master clock) failed and the shots were fired manually. The 6-
component receiver nearest to the shot point was used to determine the time of each shot. Shot
times were calculated by subtracting the travel time between the receiver station and the shot
point from the arrival time at the receiver. A near-surface velocity of 600 m/s was used to
calculate the travel time. This velocity is based on results of a high-resolution seismic project in
the Imperial Valley 23 km northeast of our study area (Gary Fuis, Oral commun. 2010; Michael
Rymer, Oral commun., 2010; Rymer and others, 2008). Shot information is listed in table 1a.

Seismic Data

After retrieving the seismic receivers and downloading the data, the 6-component, 3-
component, and Texan data were post-processed with PASSCAL programs that associated GMT
time to the traces and converted the data to standard SEG-Y format (Barry and others, 1975).



Normally, a USGS master clock is used to provide timing for the Geometrics StrataView.
However, because the master clock failed in the field, the StrataView was operated manually.
Therefore, timing for traces of the cabled array was relative to the end-point traces (1001 and
1060) and the Geometrics data were written to SEG-Y format without absolute time (GMT). The
SEG-Y data were read into the seismic processing package, ProMAX*. For each shot, the
collocated Texan receiver traces (stations 201 and 252) were cross-correlated with the two
cabled-array end-point traces (station 1001 to 252 and station 1060 to 201) to get absolute time
for the cabled array.

All seismograms were processed in ProMAX* to remove DC bias and convert counts to
volts/m/sec for the velocity traces and volts/g for the acceleration traces. Maximum peak-to-peak
amplitudes (table 4) were determined from the vertical-component seismogram.

Results

Seismograms

The 6-component REF TEKSs recorded seismograms from the near-source area.
Acceleration and velocity plots are shown in appendix 3 (acceleration in appendix 3a, velocity in
appendix 3b). Receiver gathers from the StrataView cabled array are shown in appendix 4. The
transition from the near field to the far field is shown in appendix 5. These plots contain traces
from the Texans and the vertical-components of the 3-component REF TEKSs.

Discussion of Amplitudes

An empirical model of maximum vertical ground motion from explosive sources was
developed in the late 1980s (Kohler and Fuis, 1989) and the early 1990s (Kohler and Fuis, 1992).
These studies found that ground velocities are proportional to the amount of explosive and they
show a strong dependence on site conditions. The models were used to create tables of shot size
versus distance for a number of site conditions (setback tables). The setback tables are used to
determine how much explosive can be put in a borehole and how far a shot point must be from
buildings and other manmade structures. During the LARSE project, before the second LARSE
transect, the model was updated with data from the first transect and a new set of setback tables
were developed (Fuis, 2001a). These setback tables were used in the planning phase of LARSE
IL. In figure 7, we plot amplitude data from the calibration shots (shots 1 & 2) and overlay the
regression curves from the LARSE model. Amplitudes from shots 1 and 2 were picked within 3
seconds of the shot time. Because of drilling complications, shot 3 failed to produce the expected
energy from a 250-1b shot, and so the data are not plotted. We find the no distance-weighted
regression curve fits the Imperial Valley data best at distances less than 200 meters. These data
validate the use of our setback tables (Fuis, 2001a) in the Imperial and Coachella valleys.

Effects on Clay Drainage Pipes

After each shot, the exposed section of pipe closest to the shot point was examined
visually (figs. 6 and 8). We found no damage to any parts of the pipe. Inspection of the exposed
pipe by an engineer from the Imperial Irrigation District (IID) the following morning also found
that our shots did not damage the pipe.



Clean Up

After our tests, the drillhole casing for each shot point was cut off ~1 m below the ground
surface and a cap was welded to the top of the casing. Rebar and pavers were removed from the
6-component receiver holes. All holes and trenches were filled in and returned to their
approximate original state. One year after the project, the area looked undisturbed (Michael
Rymer, Oral commun., 2010).

During excavation of the drainage pipes, a section of pipe in the northern trench (near
SP1) was damaged by the backhoe. The broken section of pipe was replaced with PVC pipe
during the clean-up phase.

Conclusions

Our tests demonstrated that the planned SSIP work will not damage the irrigation pipes
used throughout the Imperial and Coachella Valleys. We find that the ODEX drilling system is a
useful drilling technique for boreholes drilled in clay-rich soils. Finally, we find that setback
tables determined from other projects are valid in the Imperial Valley. This information is
important because the tables are used to determine the size of the explosive charge and the
location of shot points relative to buildings and other structures.
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Figure 1. Map of Salton Trough. The locations of the shots, in the southern Imperial Valley, are
shown with red stars. Locations of the Texan receivers are shown with yellow circles. The box
outlines the shot point area map shown in figure 2. CPF, Cerro Prieto Fault; CF, Clark Fault; CCF,
Coyote Creek Fault; EF, Elsinore Fault; IF, Imperial Fault; LSF, Laguna Salada Fault; SAF, San Andreas
Fault; SHF, Supersition Hills Fault.
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Figure 8. Photographs of the partially exposed clay drainage pipe located west of shot point 2.
Left, pipe before shot; right, pipe after shot. Dark spots in right photograph are water stains
from spray while the shot geysered. Pipe in photos is approximately 75 cm long (3.5 ft).

The diameter of the pipe is 13.5cm (5.5 in).
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Appendixes
Appendix 1. Details of Geologic Setting

The Salton Trough is a tectonically complex basin that is affected by three geologic
systems: the Colorado River depositional region, the San Andreas transform fault system, and
the Gulf of California extensional province. Compressional tectonics associated with a major
bend in the San Andreas Fault at the north end of the Salton Trough competes with extensional
tectonics farther south (see for example, Dair and Cooke, 2009).

Initial dextral displacement and extension in the Gulf of California began as early as 12
Ma (Stock and Hodges, 1989; Weldon and others, 1993; Lee and others, 1996; Helenes and
Carreno, 1999; Oskin and others, 2001) and subsequent trans-tensional faulting opened the Gulf
of California and moved Baja California north relative to the stable North American Plate. The
deep basins of the southern Gulf are underlain by oceanic lithosphere due to continued extension
(Nava-Sanchez and others, 2001), whereas transitional crust, consisting of Colorado River
sediments and intrusive magmatic rock, is thought to underlie the Salton Trough (Fuis and
others, 1984).

The opening of the Gulf of California created a marine incursion on the North American
continent in the late Neogene, and marine sedimentary rocks can be found at various outcrops
throughout the Salton Trough today. The Colorado River’s prograding delta has created a divide
between the Salton Trough and the Gulf of California and has filled the Salton Trough with
Pliocene and Pleistocene fluvial and lacustrine deposits (Merriam and Bandy, 1965; Muffler and
Doe, 1968; Van de Camp, 1973; Winker, 1987).

Sedimentary units derived from different sources are present in the Imperial Valley,
which forms part of the Salton Trough and lies south of the Salton Sea, east of the Peninsular
Ranges, and north of the Mexican border (fig. 1). Late Cenozoic sedimentary deposits within the
Imperial Valley originated in continental lacustrine and marine environments from nearby and
distant sources (Sharp, 1982). Mountainous areas surrounding the valley contribute a large
proportion of coarser grained detritus along the flanks of the Salton Trough. Sediment within the
central part of the Trough derives mostly from the Colorado River (Merriam and Bandy, 1965;
Muftler and Doe, 1968).

Scientific drilling within the Imperial Valley reveals that the thick sedimentary cover
increases in metamorphic grade with depth (Elders and Sass, 1988). Seismic velocities of
“basement” in the Imperial Valley are low (5.6-5.8 km/s), in contrast to basement velocities
outside of the Imperial Valley (5.9-6.1 km/s), and there is no velocity discontinuity between this
“basement” and the sedimentary rocks above. Fuis and others (1984) therefore interpret the
valley “basement” to be greenschist-facies-metamorphosed Colorado River sedimentary rocks.
Below 10- to 16-km depth, this interpreted metamorphic sedimentary basement is underlain by a
mid-crustal subbasement composed of mafic intrusions that resembles oceanic crust. This
subbasement is largely confined to the central axis of the Valley (Fuis and others, 1984; Parsons
and McCarthy, 1996). The 1979 seismic refraction survey of the Imperial Valley by Fuis and
others (1982, 1984) suggests that the total thickness of both unmetamorphosed and
metamorphosed sedimentary rocks ranges from 10 km at the northern end of the Imperial Valley
to 16 km at the Mexican border.

Two series of northwest-striking dextral faults associated with the San Andreas and
related fault zones also characterize the Imperial Valley. Along the western flank, the Elsinore
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Fault zone and the Superstition Hills and Superstition Mountain segments of the San Jacinto
Fault zone originate in the Salton Trough and continue northwest to, or nearly to, the Transverse
Ranges of southern California. The southernmost segment of the San Andreas Fault originates
along the eastern shore of the Salton Sea in the northeast margin of the Valley. Additionally, the
Imperial Fault lies along the central axis of the Valley. These faults make up a diffuse plate
boundary in southern California (Lomnitz and others,1970; Elders and others,1972) that is highly
active seismically (Lin and others, 2007).

Extensional tectonics occurring in the stepover regions between northwest-striking
dextral faults in the Imperial Valley constitute the northernmost rifting associated with the Gulf
of California extensional province. For example, the right steps between the San Andreas and
Imperial Faults and between the Imperial and Cerro Prieto Faults are occupied by geothermal
systems (including volcanoes) and local depressions (see, for example, Fuis and Kohler, 1984).
One important puzzle is that these stepover regions are characterized chiefly by strike-slip
earthquake focal mechanisms, which do not produce subsidence. For example, the Brawley
Seismic Zone (BSZ), in the stepover region between the San Andreas and Imperial Faults,
consists of a “ladder”-shaped pattern of strike-slip faults (Johnson and Hadley, 1976; Magistrale,
2002; Lin and others, 2007). Just west of this zone, however, normal faulting has been imaged
using marine seismic-reflection techniques (Brothers and others, 2009). Most normal faulting
may be aseismic.

The Salton Trough has and will continue to produce devastating earthquakes, yet the
complex tectonic structure is not known well enough, particularly in the Coachella Valley, to
accurately assess earthquake hazards. SSIP will improve our knowledge of tectonics, including
subsurface shapes and interconnections of faults, sedimentary basin thicknesses and shapes, and
seismic velocities in the sedimentary basins, and therefore help us understand the potential
effects of a large earthquake.
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Appendix 2a. USGS Proposal to Caltrans
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DEPARTMENT OF THE INTERIOR
UNITED STATES GEOLOGICAL SURVEY
EARTHQUAKE HAZARDS TEAM

June 3, 2009

Bill Owen

Geophysics and Geology Branch
California Department of Transportation
Sacramento, CA

916.227.0227

bill.owen@dot.ca.gov

Dear Bill:

Thanks for your input to our original proposal to detonate 3 buried explosions within the
footprint of the Brawley Bypass Project, in southern California. | hope this revised
proposal addresses your concerns adequately.

The U.S. Geological Survey (USGS) Earthquake Hazards team is planning a major
seismic-imaging survey of the Salton Trough (Coachella and Imperial Valleys) in the
Winter/Spring of 2010. I have attached an “Info Sheet” describing the goals of this large
project. This survey would utilize buried shots as sources of vibrations to produce
images of the subsurface.

To initiate the permitting process for buried explosions in the Imperial Valley, which is
underlain almost everywhere with buried clay and plastic drain tiles, we propose to
detonate 3 test shots within short distances (50-100) ft of these tiles. The Caltrans’
Brawley Bypass Project would present a unique opportunity to detonate test shots near
some of the abandoned, or soon to be abandoned, drain tiles that occur within the
footprint of this project. After consulting with the Bypass Project engineers, we propose
to conduct our test shots in a former irrigated field southwest of the junction of Shank and
Groshen roads (~630 ft south of Shank Rd and ~970 ft west of Groshen Rd).

The objectives of this project are the following:

1) To observe how the buried drain tiles fare during nearby shots of varying size. We
plan to expose a length of these pipes and examine them before and after each shot.
Proposed shotpoint sizes are 60 Ibs, 150 Ibs, and 270 Ibs. We would also invite engineers
from the Imperial Irrigation District to examine these pipes.

2) To test drilling techniques in the sediments of the Imperial Valley. We plan to use a
downhole casing hammer (Odex system) in as many locations as feasible during the main
survey in 2010, in order to obtain tight fits of casing to drill hole and to prevent borehole
collapse. Thus, we propose to test this drilling technique for the test shots, and would
switch to standard rotary drilling if unsuccessful.

3) To calibrate our “setback” curves for the Imperial Valley, which we use to ensure that
we do not exceed thresholds of peak particle velocities for various structures and for
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human complaints. (Our current curves are in the attached Preliminary Environmental
Assessment. More detail on our drilling, loading, and shooting can be found at
http://geopubs.wr.usgs.gov/open-file/of01-408/)

4) To examine logistics required for drilling, loading, instrument deployment, shooting,
and cleanup in the Imperial Valley.

We propose to begin drilling during the week of June 15, and anticipate no more than 2-3
days of drilling. The footprint of the drilling would be approximately 50 x 50 ft. The
proposed holes would be 70, 80, and 90 ft in depth and would be arranged in a triangle or
line about 40 ft. apart. They would be cased to the bottom with 6-inch steel casing,
plugged with bentonite, and pumped dry using an air compressor (the water would be
disposed of by evaporation in fine spray).

The explosives would arrive in our own (placarded) rental truck early in the week of June
22 from Alpha Explosives, in Mojave, CA. We would load sensitized blasting agent
(Titan 100 SD, a product of Alpha Explosives) into each of the drill holes. The blasting
agent would be packaged in 5 x 30-inch plastic “sausages” or “chubs” (30 Ibs each) and
would be strung (taped) together in 3 strings (for the 3 holes) with single strands of
detonating cord that are inserted into or through boosters arranged along each string. We
would use a non-ferrous, non-sparking tool for cutting the detonating cord. All explosive
would be loaded below 60 ft depth beneath the ground surface. Above the explosive, we
would load bentonite followed by gravel, filled to the top of the drillhole. We would lock
steel caps on the tops of the loaded drill holes and would cover each with a pile of dirt, as
shown in the attached Info Sheet and the Preliminary Environmental Assessment, in
order to reduce visibility of the shotholes. No explosives would be stored onsite except
during the loading period.

The Blasting Officer will be Coyn Criley. Blasting assistants may include Robert
Sickler, Michael Rymer, Janice Murphy, Rufus Catchings, and myself. All of these
personnel are USGS employees who have had regular explosives training courses and
who have had years to decades of experience in handling explosives. Coyn Criley has
had 10.5 years experience as a supervisory blaster.

Personal Protective Equipment would include hardhats, safety glasses, earplugs, and
appropriate clothing.

For emergencies, we would retain onsite at least one appropriate fire extinguisher (in our
truck) and a first-aid kit.

Licenses are not required for USGS explosives handlers, as stated in Cal/OSHA
Explosives Orders Title 8, Group 18, Article 113, Part 5236, Item b: 5A, 5B, and 5C,
which states that specified standards “shall not apply to operations governed by the
provisions of Group 18 under contract with federal government agencies requiring
compliance with DOD Contractors Safety Manual.” (The Manual can be found at
http://www.ddesb.pentagon.mil/2008-03-13%20-%20D0D%204145.26-M.pdf). In actual
practice, we follow the more detailed Cal/OSHA regulations (Title 8) and, in particular,
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the explosives training manual put out by Alpha Explosives. Our explosives handlers take
explosives training courses every couple of years or so. Further requirements (in 5B and
5C, above) for DOD surveillance and inspections are met in that we commonly perform
explosives handling on military bases.

We would obtain all necessary permits from the Imperial Irrigation District, with whom
we are cooperating on this project, and any other local agencies with concerns. We
would notify the sheriff and local police and fire departments of our activity. We would
activate Underground Services Alert prior to our drilling.

While loading the drillholes, we would deploy approximately 6 seismographs capable of
recording on-scale strong ground motion within a 1-km radius of the test holes, and 5-10
other seismographs at greater distances. We may deploy an additional 45 seismographs
(“Texans”—see Info Sheet) along one or more lines extending to ranges of as much as
10-20 km from the shots to test signal propagation, if these instruments are available.
(Their availability is uncertain at the moment.)

We plan to detonate the shots at night, when wind and cultural noise is at its lowest level
near our seismographs. (Ground-noise conditions in the Imperial Valley during the
daytime are too high for us to see our signals at distances of 10-20 km, our most distant
proposed seismograph sites.)

Our standard shooting procedure, which follows Cal/OSHA Explosive Orders, Title 8,
Group 18, Article 116, Part 5291, includes the following

1) Check the weather to ensure that no thunderstorms are approaching or within 25 miles
(see Cal/OSHA Explosive Orders, Title 8, Group 18, Article 116, Part 5278). Storms
within 50 miles would be monitored.

2) Limit access to the loaded shotholes about 1 hour prior to shot time with persons
standing guard at the entrances to the field in which the shots would be detonated.

3) Turn off all radios and cell phones.

4) Reel out ~500 ft of shooting wire, which is shunted at our shooting box. (No
powerlines are close enough to the testing site to be of concern.)

5) Test for stray currents, following Cal/lOSHA Explosive Orders, Title 8, Group 18,
Article 116, Part 52909.

6) Five minutes prior to shot time, attach the electrical blasting cap to the detonation cord
and cover cap and cord with sandbags. Attach cap wire to shooting wire, insulating the
connection from the ground.

7) Test the cap and shooting wire for continuity.

8) Check the area for presence of persons and use the signaling system recommended in
Cal/OSHA Explosive Orders, Title 8, Group 18, Article 116, Part 5291.

9) Fire the shots using our specially designed shooting boxes, which receive Universal
Greenwich Mean Time via a GPS receiver. When the shooting button is depressed, the
box fires the shot on the upcoming minute mark. (We need to shoot on absolute time in
order to calculate traveltimes of signals from our shotpoints to our seismographs.)

10) For a period of 5 minutes after the shot, no personnel would be allowed at the blast
site until it is inspected and cleared by the Blast Officer.
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11) A misfire would be handled according to Cal/lOSHA Explosive Orders, Title 8,
Group 18, Article 116, Part 5293.

We would repeat this procedure for all three shotholes.

Our cleanup procedure would include one or more of the following:

1) We would expose the casing 2 ft below ground surface, cut it off with a welding torch,
and cap the hole.

2) Prior to the shot, we would remove a “stub” of casing a few feet long, that is not
welded to the string of casing below it. This eliminates the need for excavation required
in1).

3) In all cases, we would return the site to as near its original condition as possible. In
~90% of our shots, there is no disturbance of the surface. In the other ~10%, the casing
may be pushed up (1-10 ft) and/or there may be a small slump crater in the immediate
vicinity of the shothole. We would fill in any such disturbances with off-site material.

Our Preliminary Environmental Assessment has additional details, including FAQ’s.

To expose the drain tiles near our test holes for observation purposes, we propose to dig
one or more trenches near our test shotholes, using a combination of backhoe and hand
shoveling. We would use proper shoring of trenches more than 5 ft in depth (Cal OSHA
Construction Safety Orders, Section 1541.1). We would rope off the trenching area. We
would examine and photograph the drain tiles after each test shot. Finally, we would
restore the trenched area to as near its original condition as possible.

We appreciate your taking time from your schedule to consider this proposal. We have
always enjoyed and benefited from working with Caltrans.

A
. ANMN—D

Yours truly,

Gary Fuis, Geophysicist
U.S. Geological Survey
345 Middlefield Rd.
Menlo Park, CA 94025
Ph. 650-329-4758

Fax 650-329-5163
fuis@usgs.gov
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Appendix 2b. CalTrans Encroachment Permit
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STATE OF CALIFORNIA ¢ DEPARTMENT OF TRANSPORTATION

ENCROACHMENT PERMIT Permit No.
sl 0409-NSV0340
Dist/Co/Rte/PM

In compliance with (Check one):

All Districts-VAR-VAR-VAR VAR

Date
X Your application of ~ March 10, 2009 March 11, 2009

Fee Paid Deposit
[] utility Notice No. of $ $

| Agreement No. of

Performance Bond Amount (1)

Payment Bond Amount (2)

[ R/W Contract No. of

Bond Company

Bond Number (1)

Bond Number (2)

—

TO: Ih United States Geological Survey

345 Middlefield Road
Menlo Park, CA 94075

Attn: W, Karl Gross
| Phone: (650)329-4133

and subject to the following, PERMISSION IS HEREBY GRANTED to;

_ | ,PERMITTEE

Conduct geological, hydrological and biological investigations; and perform rock deformation surveys, and other
scientific research investigations on various State Highways at various Post Mile locations with the State of California.

A minimum of one week prior to the start of work under this permit, notice shall be given to, and approval of
construction details, operations, public safety, and traffic control shall be obtained from the State Representative listed

on page 2 of this permit.

All permitted work requires the permittee to apply for and obtain a work authorization number prior to the start of work.

See the attached “Encroachment Permit Project Work Scheduling Procedures’

> and the attached “Permit Project Work

Scheduling Request Form”. Additional time beyond the minimum seven days advanced notice required in the above

paragraph may be required for obtaining approval for the traffic control.

The following attachments are also included as part of this permit (Check applicable): In addition to fee, the permittee will be billed actual
Yes [(] No  General Provisions costs for:
[ Yes B No Utility Maintenance Provisions ] Yes X No Review
[ Yes ] No  Storm Water Special Provisions Yes O No Inspection
[ Yes X No A Cal-OSHA permit required prior to beginning work: [ Yes - Field Work

#

(If any Caltrans effort expended)

[ Yes X No The information in the environmental documentation has been reviewed and considered prior to approval of this permit.

This permit is void unless the work is completed before ~ March 31, 2013

This permit is to be strictly construed and no other work other than specifically mentioned is hereby authorized.
No project work shall be commenced until all other necessary permits and environmental clearances have been obtained.

BCW APPROVED:
DTM/P.Chan, TMC/J.Richardson,

CC  Dist.1/Royal McCarthy, Dist.2/Stacy Barnes, Dist.3/Bruce

Capaul, Dist.4/Massoud Movassat, Dist.5/Steve Senet,
Dist.6/Benjamin Camarena, Dist.7/Zo Yu,

Dist.8/Marlin Feenstra/Jesus Galvan, Dist.9/Jerry Gabriel,
Dist.10/Frank Weishaar, Dist.1 [/John Markey,
Dist.11/Mort Mohtashami

BIJAN SARTIPI, District Director

B2 e

.D. CONDIE, District Permit Engineer

P

Page | of 2
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NAME: United States Geological Survey
PERMIT NO: 0409-NSV0340
DATE: 03-11-2009

District 1 Eureka Royal McCarthy (707)445-6389
District 2 Redding Stacy Barnes (530)225-3314
District 3 Marysville Bruce Capaul (530)741-4403
District 4 Oakland Masssoud Movasat (510)286-3152
District 5 San Luis Obispo Steve Senet (805)549-3152
District 6 Fresno Benjamin Camarena (659)445-6578
District 7 Los Angeles Zo Yu (213)897-8498
District 8 San Bernardino Martin Feenstra (909)383-4626

Jesus Galvan (909)383-4017
District 9 Bishop Jerry Gabriel (760)872-0650
District 10 Stockton Frank Wishaar (209)948-3819
District 11 San Diego John Markey (619)688-6158
District 12 Orange County Mory Mohtadhami (949)724-2525

When approved, traffic control performed under this permit shall be in accordance with the appropriate State
Standard Plans T-10 through T-14. Where required by the plan, the use of a flashing arrow-board is
MANDATORY.

Traffic control is restricted to closure of shoulder between 9 AM and 3 PM, Monday through Friday, holidays
excepted. See attached Standard Plan T-10.

When survey operations are being conducted, the permittee shall furnish, place and maintain required signs,
safety equipment in accordance with the latest edition of the ‘“Manual of Traffic Controls for Construction and

Maintenance Work Zones.”

Permittee’s personnel shall wear hard hats and lime green vests, shirts, or jackets with retro-reflective material
and safety glasses and shall carry appropriate U.S. Department of Interior identification card.

The site of the work shall be enclosed by suitable barricades, signs and lights, as approved by State’s
representative, to warn and protect traffic effectively.

Any damage to existing facilities, landscaping or irrigation within the State’s Right of Way shall be replaced
in kind by the Permittee at Permittee’s expense.

Any collected survey data requested by Caltrans shall be furnished to Caltrans free of charge.
Any painted markings shall be made with water-soluble paint.

Survey information and assistance maybe obtained upon request to: Survey Section, Department of
Transportation, P.O. Box 23660, Oakland, CA 94623-0660.

SURVEY WORK IS PROHIBITED ON FREEWAYS.

Paca 7 AF?D
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STATE QF CALIFORNIA, DEPARTMENT OF TRANSPORTATION
FNCROACHMENT PERMIT GENERAL PROVISIONS
TRO045 (REV. 05/2007)

11.

ALUTHORITY: The Deparument’s authority to issue encroachment
petauls is provided under, Div. 1, Clhipe 3, Ar 1, Sect. 660 to 734 of
the Streets and Highways Code.

REVOCATION: Encroachment pormits arc revocable on five days
notce unless olherwise stated on the permit and except ag provided by
lews for public corporations, franchise holders, and utilitics. Thene
General Provisions and the Encroachment Permiit Utility Provisions
are subject lo modification or abrogation at any time. Permitzes’ joing
use agreemenls, franchisc rights, rescrved rights or any other
agreements for operating purposes in Stawe highway dght of way are
exceptions fo Lhis revoeation.

DENIAL FOR NONPAYMENT OF FEES: Failurc o pay permit
fees when due can result in rejection of future applicadons and denial

of permits.

ASSIGMNMENT: Nu purty ather than the permittec or permites’s
suthartzed 2gent s allowed to work under this permit,

ACCEPTANCE QF PROVISIONS: Permittee upderstnds and
agrees 1o accept these General Provisions and all attachments o this
permit, for any wark to be perfarmed under this perrnit,

BEGINNING OF WORK: When wafiic is not impacted (zee
Nurmber 35), the permittcs shall motify the Department's
representative, two (2) duys before the intent to swrt permitted wark.
Permittee shall notily the Department's Representative if the work is
to be interrupted for a period of five (5) days or more, unless
atherwise agreed upon. All wark shall be performed on weekdays
during regular work hours, excluding holidays, unless otherwise

specified in this permit.

STANDARDS OF CONSTRUCTION: All work performed within
highway tight of way’ shall conform w0 recognized constructon
standirds  and  gurrent  Departmen: Standard  Specifications,
Department  Standurd Pluns  High and Low Risk Facility
Specifications, and Utility Specisl Provisions. Where reference is
made to “Contractor and Engineer,” these are amended to be road as

. “Permitiee and Department representative,”

PLAN CHANGES: Changes to plans, specifications, and permit
provisions are nat allowed without prior approval from the State

representative,

INSEPECTION AND APPROVAL: All work is subject i
manitoring and inspeeton. Upon completion of work, permittee shall
request a final imspection for acceptmce and approval by the
Department. The local agency permittes shall not give fial
consmuction approval to s contractor wntdl final acceptance and
approval by the Department is obrained.

PERMIT AT WORKSITE: Permittee shall keep the permit package
or 2 eapy thereof, at the work site and show it upon request 1o any
Department representative or law enforcement officer. If the permit
package is not kept and made availablc at the work site, the work shail

be suspended.

CONFLICTING ENCROACHMENTS: Permittea shail yield start

of work to ongoing, prior authorized, work adjscent to ar within the
limits of the project site, When existing enctoachements conflict with
new work, the permitee shall bear all cost for rearrangements, (e.g.,
relacation, zitcration, removal, etc.),

PERMITS FROM QTHER AGENCIES: This permit is invalidated
if the permittee has not obtained all permmits necessary and requiscd by

14,
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18.
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law, from the Public Utlities Carmmission of the State of Califomia
(PUC), California Occupational Safety and Heaith Administagen
(Cal-DSHA), or any other public agency kaving Jjurtsdiction.

PEDESTRIAN AND BICYCLIST SAFETY: A safe minimum
passageway of 4' shall be mantained through the work arca at cxisting
pedesrian or bicyele facilitics. At no time shall pedesiriang be
diverled onto a pordon of the sweet used for vehicular lmffic, Ac
locations where safe altemate passageweays cannot be provided,
appropriate signs and barricades shall be installed 2t the limits of
construction and in advames of the lmits of consmruction at the neares(
crosswalk ar intersection Lo detour pedestrians to facititics across the
street. Awention is directed to Section 7-1.09 Public Safery of the
Department Standard Specificatians.

PUBLIC TRARRIC CONTROL: As required by law, the permites
shall provide traffic control protection waming signs, lights, safely
deviges, ¢1¢., and take all other measures necessary for raveling
public’s safery. While providing waffic control, the needs and cantrgl
of all road users [motorists, bicycliss and pedestrians, including
persons with disabilities in accordamce with the Americans with
Disabilitics Act of 1990 (ADA)] shall be an essential part af the work
activity.

Day und night time lane closures shall comply with the Culifornia
Manual on Unifurm Traffic Control Devices (Part 6, Temparury
Traffic Contrul), Standard Plans, and Standard Specifications Tor
traffic control syswms. These Goneral Provisions are not intended 1o
impose upon the permitlee, by third parties, any duty or standard of
care, greater than or different from, as required by lawe. )

© MINIMUM INTERFERENCE WITH TRAFTIC: Permmitec shall

plai and conduet wark so 4x to oreate the least possilie inconvenience
ta the traveling public: traffe shall not be unreagonably delayed, On
conventional  highways, permitiee shafl place properly  anired
flagger(s) to stop or warn the traveling public in compliance with the
California Manual on Uniform Traffic Control Devices (Chapter 6E,

Flagger Contral).

STORAGE OF EQUIPMENT AND MATERIALS: The storage of
equipment or materfals is not allowed within State highway nght-of-
way, unless specifled within the Special Provisions of this specifie
encroachment permit, [f Encroachment Permit Special Provisions allow
for the storage of equipment or matcrials within the State right of way.
the equipment and mewrisi storsge shail comply with Standard
Specifications, Standard Plans, Specinl Provisions, and the Highway
Design Manual. The clear recovery zone widths must be followed and
are the mmmimum desirable for the type of facility indicated belaw:
freeways and expresswiys - 30", conventional highways (no curbs) - 207,
conventionst highways (with curbs) — 1.5, If a fixed object cannot be
eliminated, moved outside the clear recovery zone, or modificd 1o be
made yielding, il should be shielded by a guardrail ora crash cushion.

CARE OF DRAINAGE: Permitiee shall provide alternate dramage
for any work imterfering with an existing drainage facility in
complisnee with the Standard Specifications, Standard Plans and/or as
directed by the Departrment's reprosentative.

RESTORATION AND REPAIRS IN RIGHT OF WAY; Permitice

is respensible for restoration and repair of State highwsy right of way
resulting from permitted work (Stsw Streers and Highweys Cade,

Sections 670 et. seq.).
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23.

RIGHT OF WAY CLEAN UP: Upon completion of work,
permities shall remove and dispuse of all scraps, brush, omber,
malcrials, etc. off the right of way. The zesthetics of the highway
shall be 23 it was before work started.

COST OF WORK: Unless stated in the peTmit, or g separfate written
agresment, the permines shall bear all cost s incurred for work withon
the State mgnt of way and waives all claims for indemnification of
confribution from the Sate.

ACTUAL COST BILLING: When specified i the permit, (he
Department will bill the permittee actual costs at the curTently set
hourly rale for eneroachment permits.

AS-BUILT PLANS: When required, permittce shall submit one (1)
set of Molded as-built plans-within thirty (30) days afler completion
and approval of work in compliance with requirements listed ag
fallaws:

l. Upen cormplction of the wark provided herein, the permittes
shall send onc vellum or paper set of As-Built plans, to the
Seate rcpresentative. Mylar or paper sepiz plans are not
acceptable. i

2, All changes in the work wvill be shawn an the plans, s fssucd
with the permit, including changes appraved by Encroachment
Petrl Rader.

3. The plans an: o be stamped or otherwise nowd AS-BUILT by
the permittee’s representative who was responsible for

. overseemy the work. Any otiginal plan that was approved with
a State stamp, or Caltrans representabive signature, shall be
uscd for producing (he As-Built plans,

4. If As-Built plans include signing or swiping, the detes of
Signing ar striping removal, relacation, or installation shall be
shown on the plans when required a2 a condition of the permit,
When the construction plans show signing and striping for
staged constructon on separate sheets, the sheet for each stape
shall show the remaval, refocation or instilation dates of the
appropriate staged striping and signing

3. As-Built plans shall cormsin the Permit Number, County, Route,
and Post Mile on each sheet. C

6. Discleimer  swement of any kind that difer fom the
obligations and protections provided by Sections 6735 through
6735.6 of the Califormia Business and Professions Code, shall
not be included on the As-Built plms. Such statements
constilule non-cormpliance  with  Encroachment  Permil
requirements, and may Tesult in the Department of
Transportation ic@ining Performance Bonds or deposits wntil
proper plans are submitted. Failure to comply may 2lso result in
deniak of fomre permils, or a provision tequiring o public
ageney o supply additional bondmg.

PERMITS FOR RECORD PURPQSES QNLY:. When work in the

right of way is wilhin an arca under a Joint Use Agresment (JUA) ora.

Consent to Common Use Agreemont (CCUA), a [ee sxempt permit is
issucd to the permittes for the purpose of providing a notice and
record of work, The Permmittee’s prior rights shall be preserved
withoul the intention of creating new or different righs ot obligutions.
“Natice and Record Purposcs Only” shall be stamped across the fce
of the permit. !

BONDING: The perrmittec shall file Bond(), in advamce, in the
amount set by tho Departtient. Failure m maintain bond(s) in full
force and effect will result i the Department stopping of sl work and
revoking permit(s). Bonds are not required of public sorparations or
privately owned utlities, unless permittce failed to comply with the
provision snd conditions under 2 prior permit. The surety cormpany is
responsible for zuy latent defects as provided in California Code of
Civil Procedures, Sccion 337.15. Local agency permittee  shall
comply with requirernents cstablished as folfows: In recognition that

araject construction wark dane on Stale property will net be dirzgily
funded and paid by State, for the purpase of protegting stop natice
claimanis and the interesis of State relative to successfil project
completion, the focal agency pernines apress w require the
construction contractor ftmnish both 2 payment and performance band
m the local agency™s name with both bondz complying with the
requirements set forth in Section 3-1.02 of Smtc’s current Standard
Specifications before performing any project constructon work, The
local agency perminice shall defend, indermify, and hold harmicss the
State, its officers and emplayees from all Project construction raiated
claims by contrzctors and sl! stop notice or mechanic's lien claimants.
The local agency also aprees o fomedy, in 2 timely manner and to
State’s satisfactian, any laent defecrs occurring as a result of the
project construction work. )

FUTURE MOVING OF INSTALLATIONS: Permilics undcrstands
and agrees to telncate 2 permitted installation upon noticz by the
Department. Unless under prior properly right or agreement, the
permittee shall comply with said notice at his sole expense.

ARCHAEOLOGICAL/HISTORICAL: 1f ay archaeological or
historical resources are revealed in the work vicinity, the permittec
shall immediatcly stop work, notify the Department’s representative,
retin a qualified archacologist wha shall evalpate the site, and make
recommendations w the Depariment representative  regarding the
continuance of work. i

PREVAILING WAGES: Wark performed by or under a perrait mey
require permiltce’s conractars and subcantractors to pay appropriate
prevailing wages st sct by the Department of Industrial Refations.
Inquirics or requests for interpremtions celative enforcement of
prevailng wage requirements are dircted to Stale of California.
Department of Induswial Relations, 525 Gelden Gate Avenus, S
Fromeiseo, California 94102

RESPONSIBILITY FOR DAMAGE: The State of Califormia and
all officers and croployecs thereof, Including but not limited (o the
Direeror of Transportation and the Deputy Dircctor, shall aot be
answerable or accountsble in any manner for injery 1o or death of umy
person, including but not lmited o the permitee, persans emplayed
by the permittce, persons acting in behalf of the permittee, or for
demage 0 property fom sny cause. The permince shall he
responstble for any lability imposcd by law and for injurics 1o or
death of any person, including but not limited to (he permmittes,
persons employed by the permitiee, persons acting in behalf of the
permitize, ar for damage lo propery arising out of wark, or ather
activity permitted end done by the permittes under a permit, or arising
out of the faflure on the permiitee’s part to perform his obligations
under any permit in respect to maintenance or any other abligations,
or resulting from defects or obstructions, or from any cause
whatsoever during the progress of (he warl, or other activily ar at any
subsequent (ime, work or ather activily is being performed under the
ubligations provided by and contemplazed by the perrmit.

The permittee shall indemnify and save harmless the State of
California, all officers, employees, and Stire’s confractors, lhereof,
including but not limited to e Director of Transporeation and the
Deputy Dircctor, from all claims, suits or actions of every name, kind
and description brought for or on uccount of injyrics to or death af any
person, including but not limited 1 the permilles, persons smployed
by the permitice, persons acting in behalf of the permiittee and the
public, or démage (o property resulting from the performance of work
ot ather actvity under the permit, or arising out of the failure on the
permittee’s part ta perform his obligations under any permit in respect
to maintenance or wny other obligations, or resulting from defects or
absiructions, or fhem iny cause whatsoever during the progress of the
wark, or other activity or at any subsequent time, work or other
aetivity is being performied under the obligations pravided by and
contemplated by the permit, except as otherwise provided by statute.

29
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The duty of the perminze to indemnily and save harmless includes the
dutdes to defend as sct fordh in Section 2778 of the Civil Code, The
permit=c waives any znd all ognts 0 any type of expressed or
implied mderrmity against the Stre, ity officers, cmployees, and Sate
contractors, [0 15 the inlent of the parties that the permines will
indemmity and hold harmicss the State, its officers, ermployess, and
State's contrictors, from any and all claims, suits or actions as et
forth 2bove regardless of the exdstmes or degrees of fault or
negligenee, whether active or passive, primary or secundary, an the
partof the Sz, the permitice, persons emplayed by the permittes, or
scuing on behalf of the permittee.

For the purpose of diis section, “Siate’s contractors” shalt include
contactars and their subconwactors under contract lo the Statz of
Catifornia performing werk within the limits of this permirt.

NO PRECEDENT ESTABLISHED: This permit is issucd with the
undersianding that it does not establish a precedent.

FEDERAL CIVIL RIGHTS REQUIREMENTS FOR PUBLIC
ACCOMMODATION:

A. The permittee, for himself, his personal representative, successors
in intsrest, and assigng as pars of the consideration hereof, does hereby
covenant and agree that:

1. Ne person on the grounds of race, color, or national origin shall be
excluded from participation in, be denied the benefis of, or be
otherwise subjected to discrimination in the use of said facilities.

2. Thal in cormection with the construction of any improvements on
said lands and the [umishings of services thereon, no discrinmination
shall be practced in the selection and retention of first-lier
subeontractrs m the sciection of sccond-ticr subconractors.

3, That such discriminalion shall not be pructiced 2gainst the public in
thefr access o and use of the facilities and services provided [or
puhlic zccommodatians (such as cating, siceping, rest, recreation), and
operalion on, aver. or under the spece of the right of way.

4, That the permittee shall use the premises in compliance with zH
other requirements imposed pursuant to Title 15, Code of Federal
Rogulations, Commerce and Foreign Trade, Subtitle A, Office of the
Secremary of Commerce, Part § (13 CF.R. Part 8) and as said
Repulations may be amended.

5. That in the event of breach of any of the above nondiserimination
covenants, the State shal] bave the right to termminats the permmit and to
ra-gnter and reposgess said land and the land and the (mlities thercon,
and hold the same a5 if geid permit had never been made or issued.

MAINTENANCE OF HIGHWAYS: The permittes aproes, by
scceprance of a permit, to properly maintain any encroachment, This
assurance requires the permicnze to provide inspection and repair any
durmage, at perminee’s expense, o St fcilides resultng fom the
encoechment.

SPECIAL EVENTS: [n accordancs with subdivision (1) of Streets
and Eighways Code Section 682.5, the Department of Transporiation
shall pot be regponsiblc for the conduct or operation of the permitted
activity, and the spplicant agrees w defend, indermonify, and hold
harmless the Slate and the eity or county spginst any and ail claims
arising out of any aetivity for which the permit is issued.

Permitice understands and agrees that it will comply with the
ubligations of Tites II and 11 of the Americans with Disabilitics Act

- of 1990 in the conduct of the event, and further agrees ta indemmify

and save harmless the State of California, all officers and employees
thereaf, ineluding but nat limited to the Director of Transpottation,
from any clzims or lizhility arising out of or by virtue of said Act.

PRIVATE USE OF RIGHT OF WAY: Highway right of way shail
not be used for private purposes without compensation o the Shte.

34.
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Tne gifiing of public properly use and therzfore pubiic funds i3
prohibimd under the Califomia Constitution, Asticle 16.

FIEILD WORK REIMBURSEMENT; Permilles shall reimbume
State for field work performed on permifes’s behall to comect or
remedy hazards or darmged facilifics, or clear debris not attended 1o
by the permines.

NOTIFICATHON OF DEPARTMENT AND TMC: The permnittes
shall nafify the Department’s tepresentative and the Transportation
Management Center (TMC) at least 7 dayz before initiating a lene
closure or conducling an acavity that may causc a waffic impact A
confirmation notification should oczur 3 days before closure or other
potenial waffic impacts. [n emergency situabons when the eorrective
work or the emergency itsell may affcct traffic, TMT and the
Department’s representative shall be notified as soon us passinle.

SUSPENSION OF TRAFFIC CONTROL OFPERATION: The
permitice, upon notification by the Department’s representative, shall
tmmediatcly suspend alf lane closwre operations and any operation
that impedes the fow of traffic. All costs associated with this
suspension shall be bome by (he permittee.

UNDERGROUND SERVICE ALERT (USA) NOTIFICATION:
Any excavation tequires compliunce . with the provisions of
Government Code Secdon 4216 er. seq., including, but nat limited t©

‘notice o 3 regional notification center, such as Undergraund Service

Alert (USA). The permittce shall provide notification at least 48 hours
before performing any excavation work within the right of way.
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NOTES:

Median lone closures shall conform to the
getoils for outside |one closures except
+that €20 {Ca) (Lt) signe shall be used.

At leost one person shall be ossigned to
pravide full f‘f:-'; maintenance of troffic
control davices for lore closures.

puplicote sign instaliorions are not
required:

o} On opposite shoulder If of least
one-nolf of the available lanes
ramoin open fo traffic.

o) In the median If the width of wne
median shoulder is less tron @
and the outside lanes are To De
closed.

. Egch gdvance vw-nln? sign on each side

of the roodway shall be equipped with ot
least two flogs for doytime closura. Each
flag sholl be of loost 16" x 16" In

slze and shall be oranga or fluorescant
red-orange in golar. Floumnﬁ peocons
shall be ploced at fne locatlons indicoted
for lone closure during hours of darkness.

A £14 (CA) "ENO ROAD WORK' sign, 03 oppropricte,
na lans

shall ba piloced ot the end O 1

clesure unless the end of work ared Is
obvious or ends within a larger project’s
limits.

Madlan shouldar
ya w w w w v
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GB4 (CA) See Note 14
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9. A minimum 1500' of sight distance shatl
be proviged where possible for vehlcies
approaching the flrst flashing arrow slgn.
Lana closures shall not begin ot top of
crest vertical curve or on g horizontal
curve.

specified in the special
. T00° t nt shown alon
€8 shall be used between the 1000°
rupqm raquirea for sach closed troffic
ane.

14, unisse otnerwise specified In tha speciol
provisions, the GBd (CA) and W4-1 signs shall
be uaed as shown.

10. &Il cones used for lone closures during
the hours of darkness shall be fitted
with retroreflective bonds (or sleaves)

os specified in the spacificaticns, 18, m:: ;uﬂ;{!‘é in the gggr_-ifn priqviginns'
. o Wd=2 " NDS" symbol aign iz to be
11. Portoble delineators, ploced ot one-half .
the spacing Indicoted for +roffic cones gﬁgtlnnn‘::aufa‘-' :gg:"“ €20 [CA) "RIGHT LANE
may be used insteod of cones for doytime °
closures only. 16.

The W4-2 "LANE ENDS" symbol sign shawn ot
thls locotion is fo be used where the Wd-2
sign is used as qd\r?’\ce worning as

dascribed in Hote 1
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Encroachment Permit Work Scheduling Reguest Form Y —

Submit request to schedule traffic control weekly, 7 days in advance using this form. Submit to Permit Duty Station by FAX,
510-286-3960, or E-mail: Permit_Duty Engineer@dot.ca.gov. Reminder! - Notify Inspector listed on page 1 or 2 of your Permit.
Check Permit Special Provisions for authorized work hours. Any deviation from the Permit must be requested in writing.
INSTRUCTIONS AND ABBREVIATIONS: See Procedures on reverse of this form (page 2).

1. Permit No.: 2.Expiration Date: 3. Request Date:

4. Caltrans Inspector: 5. Requested Work Week: to

6. Route: 7. County: 8. City or township:

9. [JPostMiles or [ |Kilopost: From: _ To: __ 10. Existing Lanes (in each Dir): Dir Lns / Dir Lns
11. Describe Location (use landmark if necessary): From: To:

12" Name of Conventional Highway or Surface St:
13. (a through k) Fill in or ‘x’ if applicable: (a) [[] Divided Hwy or [_] Undivided Hwy (b) [] Full-Closure [] 1 dir or [] both dir
(c)[[JOne-way Traffic Control;: Only on “Undivided” Hwy (Alternate use of same lane for both directions—hold trfe 5 —10 min wiflaggers)

(d)[]Connector Ramp: (State Highway #) to (State Highway #) __Closed [[] or Lane#
(e)_IOff/ramp: (Freeway to City St) Ramp Name: . Off/ramp Closed [_] or Lane#:

(O JOn/ramp: (City St to Freeway) Ramp Name: On/ramp Closed [ ] or Lane#:
(g)[IDivert Trfc or Contra Flow Reconfigure lanes/divert trfc to Lane# _ inthe . Direction; _ Lane(s) open ea direction.
(b Iintermittent Traffic Control (i) [ [Various Locations (j) [ JLong-Term (24~ hours contim ous) ETO

(k) Year: Thime Dir ******Rmh‘scﬁuilaanas****** Brks | Closure IDE
From | To | DAY |248RcLOCK 8|58 | o |onn IS = Calirans
DATE | DATE | st et ® | auon | ctoom |22 | %8| ol ¢ | [ 1]2]3]4]5 |61 | con | v |1 | | siip i mg| ot

14. Description of work/comments:

15. Detour (Required for full closure):

16. Contingency Plan:
17. On-site during work (circle if applicabley CHP / PD / Other:

1% Mame: Parnittes: Contractor (if different than permmtiee):
Address:
Op-site Name: Name:
Personnel O e
| Contact
Name(s) Cell: ' Cell:
&
Phore No. FAX: FAX:

Permlt‘tee shall STATUS scheduled work DAILY via Caltrans 24-Hour Commumcanon Center at 510—286-6359 Status using
Closure ID No(s) at the start of work, (10-97), and again when work is finished for the day, (10-98). To cancel (10-22), phone
510-286-6359 or fax to 510-286-6358 before the scheduled 10-97 time, but no later than 1 hour prior to the scheduled 10-98
time. Any delay in picking up your closure must be reported immediately to $10-286-6359 or Permit Inspector. See item 9 on
reverse/page 2.

4-Office of Permits/Office of Traffic Management Page 1 of 2 Revised 07-21-05
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ENCROACHMENT PERMIT WORK SCHEDULING PROCEDURES *

1. INSTRUCTIONS: Fill in blanks or check appropriate boxes. Attach maps or diagrams, if
available. Enter beginning day through ending day of work week (M-T-W-TH-F-SA-SU). Month/Day: Enter month
(1-12) and day (1-31) of requested week. Start & Finish Time: Use 24 hour clock format. Read page 2 of your Permit
Special Provisions for hours & days allowed. Separate lane closure #’s are required for each direction and facility. Use
separate line for each. Lanes are numbered in direction of travel from left to right, excluding turn pockets; left
being #1 or “fast lane”. Check boxes under RESTRICTED LANES to indicate lanes or parts of highway to be closed.
“VL”(Various Lames) may be checked with note in Comments Section stating number of lanes to remain open at all
times.

2. ABBREVIATIONS: Aux=auxiliary, CD=Center Divide; Coll=Collector; Conn=Connector; Contra Flow=Close 1
direction of traffic and divert to lane(s) in opposite direction or a turn lane. Day of Week=(M-T-W-TH-F-SA-SU);
Dir=Direction (NB=North, SB=South, WB=West, or EB=FEast); F/L=fog line; Lns=Lanes; L=Lefl; Med= Median;
Off/R=0Off-Ramp; On/R=0n-Ramp; Park Strip=Parking area parallel to lane; Pckt=Pocket; Roll=Rolling (for closure
such as sweeping); R=Right; Shldr=Shoulder; SR=State Route; V/L=Various Lanes; V/Loc=Various Locations.

3. Requests for scheduling shall be submitted on this form via FAX to 510-286-3960, or, via E-Mail to
Permit Duty Engineer(@dot.ca gov, or, through the designated State Representative (page 1 of permit).

4. All permitted work (with or without traffic control) is subject to advance scheduling on this form, seven (7)days in
advance of the work week requested. Submittals and approvals shall continue on a weekly basis.

5. If work begins weekly on Sunday, the work week shall be Sunday through Saturday. If work week begins on Monday, the
work week shall be Monday through Sunday.

6. Incomplete, illegible, or inaccurate requests may be returned for correction. Assistance for completing the request may be
obtained from the designated State Representative.

7. Bvery attempt will be made to return timely requests with closurg ID or work authorization numbers, to the Permitiee by
close of business on Thursday, prior to the scheduled work week. When deemed necessary to ensure public convenience,
Caltrans may deny and/or reschedule the request.

8. All requests must include a contingency plan for restoring public traffic (i.e. reopening of a closed lane, ramp and/or
shoulder) in the event of (1) CHP or the local authority requires opening due to an unforeseeable incident in the nearby
vicinity, or (2) permitted experiences an equipment breakdown, shortage of or lack of production materials or any other
failure which would otherwise delay restoring public convenience within the time limits specified in the permit. The
contingency plan shall include availability of any proposed standby equipment and stockpiled materials that can be utilized
for the immediate opening of closures when ordered by the State representative. Acceptance of the contingency plan by the
Engineer shall not relieve the Contractor from the requirement of opening the restricted travel way to accommodate public
traffic as specified in the lane closure hour’s section of the permit provisions.

9. Caltrans will review and process the request by entering all information into the State-wide Lane-Closure System (LCS).
This process generates a work authorization number*. This number will be entered on the request form and returned to
Permittee as approval to proceed AND will be used to “Real-Time Status” on a daily basis. Permittee shall communicate
with Caltrans 24-hour District Communication Center (DCC) via telephone at 510-286-6359 twice daily when working,
or once daily if cancelled.

a. When work begins (first cone down), Permittee shall contact Caltrans DCC and relay: “(Closure ID #¥*) is 10-97".
b. When work ends (last cone removed), Permittee shall contact Caltrans DCC and relay: “(Closure ID #*) is 10-98”.
c. Ifthe work is cancelled on any scheduled day, Permittee shall contact Caltrans DCC and relay;
“{Closure ID #*) is 10-22”. A “10-22” (cancellation) can be phoned at anytime before the scheduled “10-97> time,
but no later than 1 hour prior to scheduled “10-98” time. You may be asked to fax confirmation of “10-22” to the
DCC FAX at 510-286-6358.
d. During the work, any unexpected occurrences including delayed openings, accidents, etc., shall be communicated to
Caltrans DCC @ 510-286-6359, immediately.
Avoid possible miscommunication when calling status. Use the PHONETIC ALPHABET to state your Closure ID:
A = Adam, B = Boy, C = Charles, D = David, E = Edward, F = Frank, G = George, H = Henry, I = Ida, J = John, K = King,
L = Lincoln, M = Mary, N =Nora, O = Ocean, P = Paul, Q = Queen, R = Robert, S = Sam, T = Tom, U = Union,
V = Victor, W = William, X = X-ray, Y = Yellow, Z = Zebra. Example: P82CA="Paul 82 Charles Adam”

10. The intent of these procedures is to help ensure public convenience by identifying planned closures on the State Highway
system, resolving potential conflicts, and disseminating all available “REAL-TIME” information, via the traffic media to
all motorists, including but not limited to the public, CHP, local police and sheriffs’ office, and emergency fire and rescue
personnel.

* Yclosure ID number” is the same as "work authorization number”
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Appendix 3a. Near Source Acceleration Plots
[From 6-component RefTeks]
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Shot name: sh1-sta102a.sgy Vertical Accel. max accel: 0.48902 g min accel: —0.39874 g

0.4
0.3
0.2
0.1

-0.1
-0.2
-0.3

0.8 1 1.2 1.4 1.6 1.8 2
sec

Shot name: sh1-sta102a.sgy Horizontal 1 Accel. max accel: 0.12193 g min accel: -0.24299 g

0.1

0.05

o —0.05F

-0.1

COLIB e

-0.2

0.8 1 1.2 1.4 1.6 1.8 2
sec

Shot name: sh1-sta102a.sgy Horizontal 2 Accel. max accel: 0.1873 g min accel: —-0.14032 g
T T T T T

0.15

0.1

o

o

a
T

|
o
—_
I

sec

36



Shot name: sh1-sta103a.sgy Vertical Accel. max accel: 0.22393 g min accel: -0.18716 g
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Shot name: sh1-sta105a.sgy Vertical Accel. max accel: 0.021957 g min accel: —-0.026287 g
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Shot name: sh1-sta106a.sgy Vertical Accel. max accel: 0.023164 g min accel: —-0.051411 g
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Shot name: sh2-sta101a.sgy Vertical Accel. max accel: 1.3262 g min accel: -0.94274 g
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Shot name: sh2-sta102a.sgy Vertical Accel. max accel: 1.78 g min accel: —-1.0599 g
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min accel: —-0.69001 g

0.6

04

0.2

1.2

1.4
sec

1.6

1.8 2

Shot name: sh2-sta103a.sgy Horizontal 1 Accel. max accel: 0.26058 g min accel: —0.22623 g

0.2

01

-0.2

0.8

1.2

1.4
sec

1.6

1.8 2

Shot name: sh2-sta103a.sgy Horizontal 2 Accel. max accel: 0.21667 g min accel: —-0.22969 g

0.2

01

-0.2

0.8

1.2

43

1.4
sec

1.6

1.8 2



0.15F
0.1

0.05

Shot name: sh2-sta104a.sgy Vertical Accel. max accel: 0.15658 g min accel: —-0.23768 g

® _0.05+
-0.1

-0.15
-0.2

0.8

1.2

1.4
sec

1.6

1.8 2

Shot name: sh2-sta104a.sgy Horizontal 1 Accel. max accel: 0.11088 g min accel: —-0.094874 g

0.1

0.05

-0.05

0.8

1.2

1.4
sec

1.6

1.8 2

Shot name: sh2-sta104a.sgy Horizontal 2 Accel. max accel: 0.086509 g min accel: —-0.075006 g

0.08 -
0.06 -
0.04 -
0.02

-0.02
-0.04
-0.06 -

0.8

1.2

44

1.4
sec

1.6

1.8 2



Shot name: sh2-sta105a.sgy Vertical Accel. max accel: 0.036959 g min accel: —-0.037146 g
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Shot name: sh2-sta106a.sgy Vertical Accel. max accel: 0.043975 g min accel: —-0.075061 g
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Shot name: sh3-sta101a.sgy Vertical Accel. max accel: 0.10553 g min accel: -0.099773 g
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Shot name: sh3-sta103a.sgy Vertical Accel. max accel: 0.92661 g min accel: —0.53563 g
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Shot name: sh3-sta104a.sgy Vertical Accel. max accel: 0.050624 g min accel: —0.046879 g
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Shot name: sh3-sta105a.sgy Vertical Accel. max accel: 0.011611 g min accel: -0.01403 g
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Appendix 3b. Near Source Velocity Plots
[From 6-component RefTeks]

53



Shot name: sh1-sta101v.sgy Vertical Vel. max vel: 8.1632 min vel: -11.8689 cm/s

cm/s

-10

0.8

1.2

1.4 1.6 1.8 2
sec

Shot name: sh1-sta101v.sgy Horizontal 1 Vel. max vel: 2.2437 min vel: —-1.6223 cm/s

—_
O
I

|
©
o

T

|
re
o
T

|

1.2

1.4 1.6 1.8 2
sec

Shot name: sh1-sta101v.sgy Horizontal 2 Vel. max vel: 1.0516 min vel: -1.6924 cm/s

|
—_
(6)]
T

W

L

54

sec



Shot name:

sh1-sta102v.sgy Vertical Vel. max vel: 2.7096 min vel:

-3.4673

cm/s

Shot name: sh1-sta102v.sgy Horizontal 1 Vel. max vel: 0.77965 min vel: -0.69544 cm/s

1.2

1.4
sec

1.6

1.8

0.6
0.4

0.2

cm/s
o

-0.2

-0.4

-0.6

0.8

1.2

1.4
sec

1.6

1.8

Shot name: sh1-sta102v.sgy Horizontal 2 Vel. max vel: 0.60205 min vel: -0.576 cm/s

0.6

T

T

55

sec




cm/p

Shot name:

sh1-sta103v.sgy Vertical Vel. max vel: 1.1973 min vel: -1.1437 cm/s

Shot name: sh1-sta103v.sgy Horizontal 1 Vel. max vel: 0.88548 min vel: -0.70255 cm/s

1.2

1.4
sec

1.6

1.8

0.8
0.6

0.4
0.2

-0.2

-0.4

-0.6

0.8

Shot name: sh1-sta103v.sgy Horizontal 2 Vel. max vel: 0.29224 min vel: —-0.32123 cm/s

1.2

1.4
sec

1.6

1.8

1.2

56

1.4
sec

1.6

1.8




cm/s

Shot name: sh1-sta104v.sgy Vertical Vel. max vel: 0.42985 min vel: -0.51078 cm/s
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Shot name: sh1-sta105v.sgy Vertical Vel. max vel: 0.16521 min vel: —0.28563 cm/s
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Shot name: sh2-sta101v.sgy Vertical Vel. max vel: 6.5123 min vel: —11.0606 cm/s
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Appendix 4. Near Source High Resolution Receiver Velocity Plots
[Seismic traces are from the cabled array. Zero time is the moment of detonation of the shot.]
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Appendix 5. Velocity Plots for N-S Linear Profile
[Near-field to far-field transition. Zero time is the moment of detonation of the shot.]
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