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CHAPTER 1 

INTRODUCTION 

In March of 1986 the Saloon Sea Scientific Drilling Project (SSSDP) completed drilling Califor

nia State Well 2-14 to a depth of 10,500 feeL This deep well was drilled by the Department Of 

Energy (DOE) as pan of the Geothermal Technology Development program with scientific studies in 

the well funded by the Basic Energy Sciences office of DOE, the National Science Foundation and the 

U.S. Geological Survey. The well is located near the Salton Sea Geothermal Field in southern Cali

fornia As part of the SSSDP, a vertical seismic profile (VSP) was conducted by the Lawrence Berke

ley Laboratory's Earth Science Division. The processing and analysis of the Saloon Sea VSP data is 

the basis of this thesis. 

The objective of acquiring the VSP was to study the seismic wave propagation properties of the 

area near the well. There are several goals within this objective. The first goal is to use standard 

VSP analysis to obtain velocity mod~ls and search for reflective horizons within, and possibly 

beneath, the Salton Sea well. Another goal is the seismic detection of fracture zones surrounding the 

well including any indications of geothermal ·reservoirs. Also designed into the VSP is use of the 

shear wave sources to detect and analyze in-situ seismic anisotropy, if any, in rock surrounding the 

SSSDP. Finally, the SSSDP VSP data are used oo test new particle motion analysis and display tech

niques for detecting fracturing and estimating the orientation of the fractures. 

The usefulness of the VSP surveys has been well documented in the last decade; at least four 

books on VSP have been published and a number of new articles appear in the literature every year. 

It is assumed that the reader is somewhat familiar with VSP data, including the presence of upgoing 

and downgoing waves, tube waves, and the identification of reflector depth. For reference on these 

points any of several good review articles are available including Oristaglio, 1985 and Kennett, 1980. 

The application of VSP oo anisotropy studies and fracture detection is more recent and is gaining in 

use. A 1987 meeting of the SEG included such titles as "Seismic Detection of Subsurface Fractures" 

( Beeker and Perelberg, 1987) and "Estimate of Shear Wave Anisotropy Using Multicomponent 
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Seismic Data" (Corrigan, et.al., 1987). Both of these papers, among othe~ published in recent 

months, are looking at the use of VSP to study fracture-induced anisotropy. The VSP perfonned at 

the SSSDP provides a fairly complete data set taken in an area whose seismic propagation properties 

and fracture properties are not well understood. This paper is an attempt to apply current analysis 

techniques to understand an unusual geologic setting, rather than a proof of the techniques in an area 

whose seismic properties are known. 

In order to understand any geophysical data, geologic information is necessary. For this reason, 

the thesis Will begin with a summary of the geology of the Salton Trough region and the Salton Sea 

Geothennal Field (SSGF). The infonnation available from the SSSDP will also be summarized, 

although much has not yet been published. After the geologic summary, the design of the VSP will 

be discussed, including acquisition equipment and procedures. The data processing procedures and 

software used will be discussed as a separate section. Processing procedures will also be described at 

various times in the thesis where more specialized procedures are used. Data analysis makes up the 

bulk of the thesis and it is divided into a number of sections detailing the basic VSP interpretation, 

the ~isotropy analysis and the fracture detection and orientation analysis. A combined interpretation 

of the results, with probable geologic causes for observed events, is presented as a separate section 

from the data analysis. Finally, a summary of results for each of the goals stated above will be given. 

The reader should note that a large volume of data were collected and various display methods were 

used (from the standard wiggle-trace to three-component hodographs). Much of these data are left in 

the appendices with important or representative figures given in the body of the thesis. Also given in 

the appendices are listings of FORTRAN programs developed in conjunction with the thesis work. 

II 



1. REGIONAL SETTING 

CHAPTER 2 

GEOLOGY 

3 

The regional setting of the Salton Sea Geothermal Field (SSGF) is one of complex tectonic 

interactions. Figure 1 shows the loca~on of the Salton Trough, a long, narrow depression extending 

northwest from the Gulf of California in Northern Mexico to the Coachella Valley region in Southern 

California. The Salton Trough is a transitional zone on the boundary between the North American 

plate and the Pacific plate. The transition is from the transform faulting of the San Andreas fault sys

tem to the rifting associated with the East Pacific Rise. Both of these tectonic forces are currently 

active within the Salton Trough, but it is small spreading centers with their associated upwellings of 

mantle material which appear to be providing the geothermal heat source. The strike-slip faulting of 

the San Andreas system interacts with the rifting to create a complicated geologic province. 

As an actively growing rift valley, the Salton Trough is subject to high rates of subsidence and 

sedimentation. The process of sedimentation has been ongoing since the Salton Trough first began 

developing in late Miocene or early Pliocene time (Crowell and Sylvester, 1979). Gravity and seismic 

refraction studies indicate the Trough contains over 6 km of sediments (Frith 1978, Randal 1974). 

This sedimentation has been dominated by the Colorado River, which enters in the center of the 

trough near Yuma, California. The Colorado River forms a delta which developed westward in mid

Pleistocene time (Younker, et al, 1982). The delta has alternated flow northward and southward, 

separating the Imperial Valley to the north and the Mexicali Valley to the south. Southern flow, 

which is the current direction, discharges into the Gulf of California while northern flow discharges 

into the Imperial Valley and can only escape by evaporation. The current Salton Sea is one of many 

historic inland seas within the northern end of the Salton Trough. 
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Figure 1. Location of Salton Trough. Surrounding crystalline mountain ranges 
are stippled. Dotted lines denote approximate boundaries of East and West 
Mesas of Imperial Valley. From Sharp, 1982. 
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2. SALTON SEA GEOTHERMAL FIELD· 

The Salton Sea geothennal field is siruated south of the Salton Sea in one of the young pull

apart zones within the Salton Trough. The Salton Sea was fonned between 1905 and 1907 when the 

Colorado River overflowed controlling levees and flowed north into the Salton Basin. The Salton Sea 

maintains its level because irrigation runoff from the Imperial Valley approximately matches the eva

poration losses. Figure 2 shows the location of the SSGF as well as other geothennal fields within the 

Salton Trough. As an active rifting zone, the trough is an area of high regional heat flow. More than 

a dozen geothennal anomalies have been found in the Salton Trough, with the SSGF being one of the 

hottest The SSGF is also one of the few geothennal areas of the trough showing surface manifesta

tions of heat flow such as hot springs and fumaroles. 

Drilling in the area of the SSGF began in 1927 when three wells were drilled to a maximum 

depth of 1473 feet (Lande and Elders, ed., 1979). These wells produced carbon dioxide commercially 

from shallow sands as part of the Imperial Carbon Dioxide field until production ended in 1954. The 

first geothennal production was fiom the Sinclair #1 well drilled as an oil prospect to 4725 feet in 

1957. By 1964, ten more geothennal wells were drilled in the immediate vicinity, beginning with the 

Sportsman #1 (see Figure 3). All these well produced from hot water reservoirs with steam and brine 

mixed at the wellhead. The brine is highly mineralized with some wells having 300,000 ppm total 

dissolved solids. 

The sediments of the SSGF are considered a complete sequence dating from early Pliocene. 

While most of the sediments are detritus from the Colorado river, some erosional runoff is seen from 

the Chocolate Mountains on the east and the Peninsular ranges to the west The deltaic deposits are 

interbedded sands, clays, silts and pebble conglomerates (Elders, ed 1979). These deposits are inter

mixed with lake sediments. The sedimentary section at the SSGF has been extensively altered by the 

hydrothermal process associated with the geothermal resource. Thermal springs at the surface provide 

evidence that, in certain locations, hot brines have penetrated the entire sedimentary column 

(Younker, et al, 1982). Temperatures up to 365 degrees centigrade have been recorded in the 
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geothermal wells of the SSGF. 

The lateral structure of the SSGF is controlled by en echelon faulting with associated earth

quake swarms (see Figw-e 3 for major fault locations). Studies of well information have defined three 

general depth zones, shown in Figure 4, which characterize the geothermal field (Randal, 1974, 

Younker, eL al., 1982). At shallow depths there is a low permeability cap rock of variable thickness 

(750 to 2000 feet). The cap rock is composed of evaporite deposits with anhydrite and carbonate 

grains dominating. _ This surface zone serves as an impermeable layer to fluids and as an insulator 

against heat ftow. Below the cap rock is the reservoir rock section. Younker eL al., describe the tran

sition from cap rock to reservoir rock as a "boundary between marine sediments (reservoir rock) depo

sited in the Gulf of California and lacustrine sediments (cap rock) deposited in the Salton Trough after 

it was isolated from the southern portion of the basin in the mid-Pleistocene". The porosity and per

meability of the reservoir rock is generally assumed to include secondary and fracture induced com

ponents (Younker eL al. 1982, Muffler and White 1969). The porosity measured in five geothermal 

wells within the field was seen to decrease with depth from 25% to 5% over the 2000' to 6000' range 

(Younker eL al. 1982). 

Below the reservoir rock is a zone of major hydrothermal alteration, the altered reservoir rock. 

Within this zone the porosity and permeability decrease with depth. The transition from reservoir 

rock to altered reservoir rock is marked by a gradual loss of calcite and a corresponding increase of 

pore-filling epidote as an alteration product which can evolve into large crystals. These transitions 

mark the general structure of the SSGF. The structure is fairly well defined by well information 

within the center of the field. Near the edges of the field, the transitions between cap rock, reservoir 

rock and altered reservoir rock become more vague. Since the SSSDP is outside of previous drilling 

on the fringe of the field, a close correlation with these transitions was not expected. Figure 3 shows 

lhe location of lhe SSSDP with respect to other wells in the field. 

Geophysical studies have been performed in the SSGF dating back to an early magnetic survey 

by Kelley and Soske in 1936. The results of these geophysical studies are well summarized by 
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Younker et al, 1982, who state the following: 

(1) The field is associated with a local gravity high, probably resulting from intrusion of 

dike material, or of hydrothermal alteration of sediment, or both (Biehler et al., 1964) . 

(2) ·The field is associated with a magnetic anomaly that probably reflects the presence of 

igneous material near the surface (Griscom and Muffler, 1971; Kelley and Soske, 1936). 

(3) A resistivity anomaly probably reflects the boundary of the saline brine. The conduc

tance of the sedimentary sequence is greatest in the area of the drilled field, but a broad 

area of high conductance extends along the axis of the valley (Meidav et al., 1976; 

Kasameyer, 1976). 

(4) Seismic refraction data reveal the _presence of high-velocity material within 1 km of 

the surface (Frith, 1978). 

(5) Numerous earthquakes indicate that the area is tectonically active (Schnapp and Fuis, 

1977). 

(6) Interpretations of resistivity surveys, seismic refraction data, earthquake locations, and 

ground magnetic surveys are suggestive of the existence of several steeply dipping faults 

within the field (Muffler and White, 1968: Babcock, 1971; Meidav and Furgerson, 1972; 

Towse, 1975; Gilpin and Lee, 1978; Frith, 1978). 

7 
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Field. Adapted from Younker, et al, 1980. 
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shown by dashed lines. From Younker, et al, 1980. 
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3; SSSDP CORES AND GEOPHYSICAL WELL LOGS 

The SSSDP VSP was performed after the well had been drilled to total depth. The preliminary 

. results of mud logging, core analysis and well logs are therefore available for consultation. Figure 5 

shows the stratigraphic column as interpreted from mud logging and core analysis. As expected. the 

well penetrated 10,500 feet of sediments consisting of sandstones, claystones, siltstones and some 

conglomerates. Igneous intrusives were first identified at 9500 feet. Figure 5 also shows where cores 

were taken and what hydrothermal alteration was noticed. Indications of alteration were actually 

observed in all the core sections taken, with the shallowest core (1553 feet) being described as 
"indurated mudstone". Major epidote alteration begins around 4500 feet Zones of high porosity and 

permeability were easily identified by loss of drilling fluid circulation while drilling. These zones are 

identified in Table 1 (from Paillet ed, 1986). 

The geophysical well logging included dual induction, natural gamma. spectral gamma. compen-

. sated neutron· formation density. caliper, sonic, full waveform sonic and temperature. The quality of 

the logs obtained was generally poor with a number of logs being severly compromised by various 

problems including temperatures up to 300 degrees C, numerous zones of fluid loss, hole damage 

from cement plugs and mud coagulation and repeated trips in and out of the well. The sonic logs, 

which would normally be used in conjunction with the VSP velocity information, had serious prob

lems with repeatability and cycle skipping and are therefore not incorporated with the VSP data. 

Recent studies comparing velocities derived from the full waveform sonic log with VSP derived velo

cities for 1500' of the well do show good agreement (Cheng, C.H., 1987 personal communication). 

Further analysis and processing of the sonic logs may lead to useful results if a detailed velocity 

profile is required. For reflection seismology, the velocity information provided by the VSP should be 

sufficient. Use of density logs with velocity information can provide measures of the elastic constants 

of the material surrounding the well. 
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TABLE 1 - LOST CffiCULATION ZONES (FROM PAll..LET, 1986) 

Date 

11/11-12/85 

12/22/85 

12/28-30-85 

1/5-15/86 

l/16/86 

l/27-29/86 

2/1-l/86 

2/4-5/86 

2/5/86 

2/7/86 

2/10/86 

2/11/86 

2/19-21/86 

3/9/86 

l/9/86 

l/17/86 

1ft, feet; bbl/h, barrela per hour; bbl, barrelal 

Depth ( ft) 

3,107-3,200 

6,119-6,133 

6,227 

6,637-6,889 

7,030-7,090 

8,095-8,160 

8,580-8,800 

8,800-8,920 

8,948-9,020 

9,098 

9,254 

9,450 

9,450 

10,450-
10,460 

10,475 

10,564 

Fluid-lou 
(bbl/h) 

-15 

-30 to -100 

Total 

-85 

Total 

Total 

-100 

Total 

Total 

Total 

Total 

-200. 

Remarks 

Only &one of fluid lou above 
6,100 ft 

Mineralized zone with epillote 
fracture fill 

Conducted first flow teat 

6,637 ft: added additivea to 
drillina mud 

6,771 ft: eat ce•ent plua 

6,850 ft: aet aecond ce•ent plua 

6,889 ft: injected cement under 
praaaura, reaained circulation 

Added additive• to drillina mud 

Well flowin& at depth of 1,126 ft; added 
c011bination of drillina-.ud additivea 
and ca•ent; reaained circulation 

Well flowina ac depth of 8,580 ft; 
pluaaed vith c011binacioa of drillina
•ud additive• and caaent 

Loaing fluid, yet drillina vith 
return•; vell flowed while 
tripping 

Pluaaed vith co•bination of drillina
mud additivea and cement 

Plugged with combination of drilling
mud additivea and ce•ent 

Well flowing, gained 400 bbl 

rlugged vith co•bination of drillina
mud additive• and ce•ent 

Ce•ented hole up to depth of 
6,000 ft in four atagea 

Pluaaed with combination of drillina
mud additivea and cw•ent by 
private contractor 

Drilled without return• to total 
depth of 10,564 ft 

Conducted aecond flow teat 
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CHAPTER 3 

SURVEY DESIGN AND DATA ACQUISITION 

The design of the Salton Sea VSP was based on the objective of studying the seismic wave pro

pagation properties at the well site. The limiting factors were, as usual, time and money. A well is 

not under control when a VSP is being conducted and any open hole is in danger of being lost until 

circulation of drilling fluid reswnes. The VSP survey can be stopped to allow circulation to be 

restored, but this is time consuming and therefore expensive. It was decided to limit the VSP to 

about 40 hours of data acquisition. This time limitation allowed two source locations, a near offset at 

300' and a far offset at 2300'. The VSP was also limited by high temperatures and unstable open 

hole conditions. These factors led to the decision to restrict the survey to the cased section of the 

well above 5750 feet To obtain complete seismic infonnation, both a P-wave source and a shear

wave source were used. The P-wave and shear-wave sources were Vibroseis (a trademark of 

CONOCO Inc.). 

The goal of obtaining infonnation about anisotropy and fracturing inferred from anisotropy led 

to the use of two orthogonal polarizations of shear waves. Two polarizations of shear waves were 

obtained with one vibrator by rotating it 90 degrees. The sources are labeled differently at the two 

offsets because of the nature of their expected particle motion (see Figure 6). 

The sources labeled SH,. and SV are both generated by having the shear vibrator pad move 

radially toward and away from the well. The tenn SH,. is used at the near offset and the tenn SV is 

used at the far offset This tenninology is derived from the geometry of the transverse particle 

motion expected for the first arrival in an isotropic media. The source labeled SV at the far-offset 

gives an SV type of particle motion (i.e. transverse to the ray path in a vertical plane) because the 

raypath is not vertical. In other words, since the wave propagation vector of the SV source has a hor

izontal component, there is a vertical component of particle motion for the propagating shear wave. 

The source labeled SH,. at the near-offset has a vertical raypath (and vertical wave propagation 
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vector), which means the particle motion is in the horizontal plane. The two near-offset shear sources 

then are SH sources polarized 90 degrees apart, labeled SH, and SH,.. 

The term SH, is used at both offsets for the source generated by having the shear vibrator pad 

move transverse to the radial direction. This source motion, in an isotropic material, gives a wave 

with particle motion transverse to the raypath in the horizontal plane. Figure 6 shows the direction of 

particle motion expected for each source in an isotropic medium. 

The SH1 and SH,. source motions are the same as those labeled SH and SV, respectively, in 

surface reflection work. It should be noted that this standard terminology of SH and SV shear waves 

is strictly valid only for transversely isotropic material with horizontal layering, otherwise the two 

wave types are not separable. Since the VSP data shows the surrounding material is not transversely 

isotropic, the simple model of separate SV and SH propagation does not hold. The actual shear-wave 

first arrivals will be seen to have a complex three-dimensional particle motion. The terms SH and SV 

will be taken to mean that part of the shear-wave particle motion in the horizontal plane or out of the 

plane, respectively. 

The desire to study the three dimensional nature of the seismic wave field required the use of a 

three-component borehole geophone. A hydraulic· wall-locking mechanism was used for maximum 

coupling with the well and the surrounding formations. The borehole tool was provided by Seismo

graph Service Corporation. 

The vibrator source sweep was an 8 to 55 Hz upsweep, sixteen seconds long. The choice of 

sweep was governed by time limitations, the desire to have as broad a sweep as possible while putting 

maximum energy in the more easily transmitted lower frequencies, and a desire to avoid 60 Hz noise. 

This 8-55 Hz sweep is also a standard surface seismic sweep which allows the VSP to be integrated 

with future reflection studies. The P-wave vibrator used for this survey was a Failing Y600 BD with 

7.5 tons of output force and the Shear wave vibrator was a Mertz model 13 with 15 tons of output 

force. The vibrators were provided by Lawrence Berkeley Laboratory and the wireline service was 

provided by the USGS. The data were recorded on a Texas Instruments DFS-IV 24-channel seismic 
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data acquisition system. Only four channels were actually used, one for the source sweep and three 

for the borehole geophone's three components. The data were recorded uncorrelated at a two mil

lisecond sample rate with a four second listening time following the 16 sec. sweep. 

The choice of offsets was limited by the time available. A near-offset source was necessary to 

obtain accurate velocity information from vertical wave propagation. The near-offset data are in 50 

foot depth intervals. While multiple far offsets were hoped for, only one far-offset data set was 

acquired because of time limitations and tool failure. 75-foot depth intervals were used at the far

offset, giving less spatial sampling, but using less time. The near offset location was 300 feet from 

the well, and the far offset was 2300 feet from the well, both on approximately the same azimuth of 

S45E. Figure 7 shows a schematic of the offsets and a list of the depths surveyed. The offsets' 

azimuths correspond with the trend of the Salton Trough meaning the shear wave polarizations were 

approximately parallel and perpendicular to the axis of the trough. 

The acquisition procedure was designed for the most efficient use of the available time. The 

survey was begun at the bottom of the interval to be logged. This is done because the depth measure

ment is more accurate when the wireline is pulling a tool up the well instead of lowering it down. 

Starting at depth also reduces the impact of high temperatures since the tool is in the hottest part of 

the well first and as the well, which was cooled for the survey, begins to heat up, the tool is raised to 

cooler depths. After the tool is locked in place at a given depth, the wireline is slacked to prevent the 

resonance of a taught wireline. The downhole amplifier, which gives about 60d.B of gain, is then 

turned on, providing amplification for the analog geophone output before the signal is sent over the 

wireline. The sources are alternated with one polarization of shear first, then the P source, then the 

other polarization of the shear source. By alternating the sources, the shear wave vibrator could be 

turned while the P wave vibrator is running its sweeps or while the tool is being moved up to the next 

level. Each source had three to ten sweeps stacked per level, depending on signal-to-noise ratio and 

on the time available. 

•' 



17 

The VSP was hampered by severe noise problems at the near-offset The noise problem was 

worst between 2500' and 4000' and was worse on the horizontal components of the geophone than on 

the vertical. Possible causes of the noise will be discused in the velocity analysis section. High tem

peratures in the well stopped an effort to extend the survey to 7100' for the far offset when the tool 

failed after two levels (7100' and 7000') were recorded with the P source. 
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CHAPTER 4 

DATA PROCESSING 

1. EDITING AND SORTING OF DATA 

20 

The goal of the editing and sorting process is to produce sections of each geophone component 

from each of the sources with the best signal to noise ratio possible. The editing and sorting was per

fanned with Digicon's Interactive Seismic COmputer (DISCO) software. This software package is 

organized into subroutine modules which can be used in any order. Some further processing and 

display was perfonned with specially written FORTRAN routines which will be identified when they 

are discussed. All processing was done on a VAX IIn80 computer at the Center for Computational 

Seismology at the Lawrence Berkeley Laboratory. 

The first step of processing was to demultiplex the data and extract the four desired channels 

from the 24 channels of data and 4 auxiliary channels which were recorded. This was done with 

DISCO's 'DEMUX' routine. The next step was to edit noise out of the uncorrelated recordings. A 

· major noise problem was spikes caused by movement of the borehole geophone while recording. If 

spikes are left in the data, the correlation process will produce noise at the correlation frequencies 

across the entire correlated output trace. Ideally, these spikes would be manually edited out with .the 

minimum amount of trace removed. However, the large number of traces to be edited (over 2400 

16-sccond traces) encouraged the development of an automated editing process from various subrou

tines available in the DISCO package. After experimenting with various arrangements, final editing 

was done with the following software: 

(1) An eight pole Buuerworth bandpass filter (DISCO's 'FILTER' module) with 3 dB points at 8 

and 55 Hz to match the sweep. This removed any noise outside the spectrum of interest. 

(2) DISCO's 'SPIKEDT' routine which looks for noise bursts or spikes in the following manner: 

Two consecutive windows of user specified length are passed through the data, if the ratio of 

signal level in the leading window to signal level in the trailing window exceeds a user 
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specified value, then the leading window is zeroed. The windows are moved one sample at a 

time for the whole trace. This routine was used with 300 millisecond windows and a detection 

ratio of four. 

(3) A second run of the 8 to 55 Hz Butterworth filter to remove discontinuities caused by the 

zeroed section of data, and prevent the associated correlation noise. 

After this automatic editing, e3Ch trace was correlated with a source sweep recorded with every 

shoL Each correlated trace was visually inspected and either chosen for use in the stacked records or 

removed from further processing. At this point a few levels were found to have no usable data. 

The sorting of the data was done by giving each trace a separate header value for source type 

and depth. The geophone components were automatically assigned a channel number by the demulti

plexing software. The data were then sorted into groups with the same source and geophone com-. 

ponent, in order of increasing depth. Once the data traces were sorted in this manner they could be 

stacked, with all traces having the same source, geophone component, and depth stacked together. At 

this point the final stacked sections of the original data were available, but full interpretation could 

not yet begin. A remaining obstacle was the random orientation of the geophone components. 

2. ROT A TION OF BOREHOLE GEOPHONE COMPONENTS 

The data, as recorded in the field, consist of three components of ground motion recorded at 

each level in the well. These components are oriented orthogonally with one aligned on the tool's 

axis. When set vertically in a well, the tool has one vertical component and two horizontal com

ponents. The orientation of the horizontal components relative to an arbitrary frame of reference is, 

unfortunately, not known. There are three main reasons for the lack of orientation. The primary 

problem is the fact that a borehole geophone rotates around its axis on the wireline cable which sup

pons it. This rotation, which occurs while the geophone is moved between levels, causes the horizon

tal phones to be randomly oriented at each level. A second cause of variation in geophone orientation 

is the deviation of the well itself, which rarely is vertical. Well deviation can cause a systematic 
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variation in the orientation of all three components as the tool is moved up the well. For wells with 

significant deviation, a deviation survey is usually run. This survey, if available, can be used to 

correct the geophone tilL Thirdly, orientation error is caused by ·local variations in an uncased well. 

A severe washout can cause a tilt up to 10 or 15 degrees, depending on how the phone is locked to 

the wall. This survey was perfonned in an essentially undeviated, cased section of the well. How

ever, until all borehole geophones are equipped with an orientation device, such as a gyroscope, the 

Jack of known orientation will remain a source of uncertainty in interpretation. 

There are various mathematical methods of detennining the orientation of a three component 

geophone at each depth. In general, these methods depend on the assumption that the first arrival is a 

P-wave, which exhibits linear particle motion. The orientation of the three geophone components 

with respect to this particle motion can, in theory, be precisely detennined. New data can be gen

erated by projecting the particle motion onto any orthogonal coordinate system. This projection or 

'rotation' of coordinates can be defined by two angles tenned phi (4>) and theta (9), and shown in Fig

ure 8. Phi is the angle down from vertical and theta is the angle counter-clockwise around the verti

cal axis which is positive upwards. Once these two angles are known, the recorded data can be 

mathematically 'rotated' to recreate the signal which would have been recorded by geophones at any 

given orientation. 

The 'wavefront' coordinate system which is most often used here is shown in Figure 9. This 

system has coordinates oriented in the directions that the P-wave, SH-wave and SV -wave first 

arrival's particle motion would occur for an isotropic material. Since the rotation is based on the 

angle at which the P-wave wavefront impinges on the geophone, and the curvature of the raypath is 

not known exactly, this wavefront coordinate system is not accurately defined with respect to the sur

face. If an assumption can be made that the vertical geophone component is truly vertical, and that 

the rays stay in one plane, then the wavefront rotation will give an absolute orientation with respect to 

the surface. For the Salton Sea well, which was cased and had deviation less than 10 degrees over 

the VSP intervals, the assumption of a true vertical component seems valid. 
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The method used to rotate the SSSDP data is eigenvalue analysis of the covariance matrix as 

described by Kanasewich (1981). The first step in this procedure is to pick the first P-wave arrival 

wavelet at each level. This is actually a non-trivial step since the wavelet may be distorted by 

signal-to-noise problems, and the particle motion is spread on 3 geophone components. As can be 

seen in Figures lOa and lOb, the vertical component gives good first arrivals for the near-offset data, 

but varying wavelet character for the far-offset data. The first arrival window for each level was 

picked manually with knowledge of the source wavelet and consistent d~ision making. Tests with 

varying windows show the method only varied five to ten degrees for any reasonable window. 

Once the first arrival window has been picked, the next step is computing the covariance matrix. 

The covariance matrix is. formed from N samples of the three components of data within the first-

arrival window. The covariance matrix for three components, call them Z, X andY, is 

where 

and 

for 

1 N 
Jlt= N Ut.i= mean of component x 1 

i=l 

N observations of component x 1.i i = 1,2,3, .. .N. 

Once this matrix is computed, the eigenvalues and their associated eigenvectors can be found. 

The eigenvector of the largest eigenvalue is a vector which defines the best fit of linear particle 

motion within the coordinate system of ·the geophone components. A coordinate rotation is then 

defined by using this vector as one new coordinate (called 'Radial') and constraining one new 
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coordinate (called 'SH') to be perpendicular and made up of only the horizontal geophone com-

ponents. This horizontal constraint assumes the tool is vertical and the 'horizontal' components are 

truly horizontal. Since the SSSDP well has little deviation, and the VSP was inside casing, this 

assumption should be quite good. If the well was deviated, a separate deviation survey would be 

required to properly orient the components. The third new coordinate axis (called 'SV') is simply 

orthogonal to the first two. The terms SH and SV are used because in an isotropic medium, the SH 

and SV sources would give first arrivals on these components only. 

This eigenvector analysis gives the two rotation angles, q, and a , shown in Figure 8. The new 

data traces in the rotated coordinate system are computed by the following matrix operation. 

[ 
R J [ cosq, cosa sinq, sinq, sin a] [Z] 

SV = -sinq, cosa cosq, sina cosq, X 
SH 0 -sina cosa Y 

The accuracy of the rotation is dependent on the quality of the P-wave first arrival. At some 

levels the signal-to-noise ratio was not good enough to allow a very accurate determination of the par-

ticle motion direction. A measure of the particle motion linearity, which is then also a measure of the 

accuracy of rotation, is the ratio of the largest eigenvalue 1..1 to the second largest eigenvalue ~· 

Kanasewich suggested forming the rectilinearity function 

which will be close to one when the particle motion is linear. This function served as a guide to 

which levels had noise problems. For some levels with severe noise ot dead traces it became neces-

sary to use a a angle which was an interpolation of nearby levels. In most cases the error of rotation 

is probably between 5 and 10 degrees. The rotation angles computed for the near-offset P-wave 

source are given in Table 2, while the far-offset P-wave rotation angles are in Table 3. 

For the near-offset data. the P-wave rotation was applied to all three sources. This used the 

assumption that the shear waves had essentially the same near vertical raypath as the P-waves. For 

the far-offset data rotation there was a problem. The raypaths were different for P and S waves. The 
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difference is clear because the shear-wave arrival does not show a continuous increase in travel time 

with increasing depth while the P-wave travel time does increase continuously with depth. This 

means that the shear-wave rays, particularly for the far-offset SH, source, turned up at some point and 

arrived from below the geophone. To accurately rotate the far-offset shear wave data, another rota-

tion method was necessary. 

A solution to this dilemma was suggested by the detection of very linear particle motion from 

the SV source. The particle motion for the first arrival from the SV source was analyzed after the 

rotation was applied, and it showed linear motion which was rotated off the new 'SV' component by 

an angle which varied with depth in a consistent manner (see Figure 11). The linear motion implied 

isotropic propagation, but in that case the first arrival motion should be aligned on the SV component. 

The angle between the SV component and the axis of the particle motion is interpreted as the error 

between the P-wave raypath and the shear wave raypath. This 'error' angle delta ( o ), is shown in 

Figure 12. Delta can be found with a two dimensional application of the covariance matrix algorithm 

to the Rand SV components, finding the eigen vector of the larger eigen value of the matrix 

Again, the accuracy of the analysis can be inferred from a rectilinearity function. Delta is then added 

to phi from the P-wave rotation and the shear wave data are rotated with this new phi angle. The 

horizontal 'SH' component is not changed since the raypath error is assumed to be in the Radial - SV 

plane. The error angles and rectilinearity function values for the far-offset are shown in Table 4. 

Analysis of arrivals from SH, and SV sources showed a difference in their raypaths, but no 

method was known to recover this error angle. The SH, source was therefore rotated with the same 

.. angles as the SV source and these angles are given in Table. 5. Fortunately, the error between SH, 

and SV raypaths should be much less than the error between P and SV sources since the error comes 

from differences in the waves' velocity gradients. The effect of the rotation is seen by comparing the 

plots in Figures 13a, 13b and 13c with those in Figures 33a, 33b and 33c. These figures show the 
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unrotated and rotated data. respectively, from the far-offset SV source. Note especially the difference 

between vertical and radial components. 
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TABLE 2 -- NEAR-OFFSET P~WAYE ROTATION ANGLES 

OEJITM (FEET) PHI TMETA F 

6M 88.579 147.279 1.911 

li!HN 7.132 -19.796 1.993 

16M 11.184 84.538 1.981 

28M 8.881 888.088 EI.0H 

2861 4.038 -86.868 8.994 

21M 8.193 -91.585 El.996 

2161 6.728 -82.885 El.997 

22M 4.828 -82.878 0.997 

2261 5.246 -88.891 0.998 

23M 3.239 -53.519 0.998 

2358 4.383 -24.881 0.975 

24M 6.755 -92. 158 El.993 

2451 3.954 54. 110 El.997 

25M 3.725 51.288 0.997 

2568 2.339 115.934 0.999 

28M 6. 3"73 -139.374 0.938 

2868 6.833 16.498 0.739 

27M 2.248 8.415 0.748 

2768 7.823 -134.748 0. 981 

28M 8.833 -23.487 El.984 

2868 1 . 088 -78.887 8. 788 

29M 7.861 -89.184 1.721 

29&8 9.381 138.878 1.911 
3 ... 7.7EI8 134.489 1.941 
31&8 9.563 44.619 1.972 

31M 3.783 -99.973 1.861 

3168 4.831 88.489 1.917 

32M 7.441 -32.983 8.824 

32&8 9.181 48.831 8.881 

33M 1.Htl -92.88S 8.857 

3358 S.2SS -82.482 1.7S7 

34N 4.598 101. 15S 8.811 
3458 2. 751 131.892 1.989 

35N 1.251 151.188 1.999 

3&&8 1.447 79.841 1.991 
3e. 2.111 148.112 1.9&8 
3858 1.183 91.Htl 8.994 
37N ..... ..... ..... 
37S8 1.613 ..... 1.999 
38N 1.914 48.791 1.991 

3858 1.2H 24.277 1.999 

39111 7.214 -178.143 1.989 

39M I.S31 1S7.113 1.997 

4 ... 2.323 177.821 8.942 

4IM 1.381 21.831 8.928 

41 .. 4.234 -7.285 8.989 
41M 8.521 14.881 1.981 
42N •• 714 -117.21t e.st4 
42M 11.4U -11.757 8.911 
43N 14.314 3.MI 1.911 

4318 1 .... 1 .... . .... 
44 .. 13.512 7.844 1.981 

44M 13.632 -9.141 1.971 
45N 11.114 8.318 8.949 
45M 14.8M -5.894 1.952 
41N 19.387 -34.898 l.t74 
4IM 11.711 -21.391 8.972 
47N 18.382 -24.881 8.984 

47&8 22.597 -29.523 1.9e& 

4IN 21.381 -9. 132 1.981 

4158 25.687 3S.U8 1.894 

49N 17.533 -6.8S1 1.931 

49M ..... 08.881 0.881 

6 ... 19.913 -6.031 8.898 

5118 16.583 12.542 •. 781 

S1M 11.113 33.339 1.942 

S158 7.975 -98.EI81 0. 793 

S2N 11.394 84.233 8.598 

S218 14.594 83.894 8.875 

u• 7.543 134.879 8.933 

5351 13.111 S8.EI41 1.894 

S4N 7.281 2e.4aa 8.988 

S458 11.111 47.882 0.948 

SIN 12.S7S -82.121 0.2t2 

SIN 13 .. 911 91.287 1.7 .. 

SIN 11.132 92.452 8.925 

68U 5.711 U15.428 1.911 
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TABLE 3 - FAR-OFFSET P-WAVE ROTATION ANGLES 

DEPTH (FEET) PHI THETA F 

1500 77.088 -8-4.003 0.971 
1900 70.278 -77 .23S 0.982 
1975 69.20S -101.21!1S 1!1.972 
20S0 71.4S.o4 -122.S81!1 1!1.982 
212S 78.687 -47.499 1!1.931 
221!18 78.627 -41.888 1!1.918 
227S 74.773 -149.349 1!1.837 
23S8 69.58-4 -14S.779 1!1.888 
242S 68.1!196 -156.31!17 1!1.933 
2588 68.896 -118. 981!1 1!1.974 
2575 77.168 -148.168 8.978 
2658 77.498 -138.849 8.9-48 
2725 89.418 -33.774 8.882 
2888 85.892 -165.177 8. 769 
2875 85.453 -188.951 8.778 
2958 7S.975 -152.222 8.989 
382S 78.982 -188.93S 8.983 
3U!J0 76.588 -175.S89 1!1.983 
3175 68.228 -18.439 8.987 
3258 84.517 -8.185 8.889 
3325 7-4.117 -4.879 8.887 
3-488 72.433 -9.748 8.948 
3-475 87. 138 -8.939 8.973 
3S58 82.494 -18.72S 8.989 
3825 59.181 -12.732 8.977 
371!18 81.511 -15.914 8.977 
3775 S4.918 -9.147 8.97-4 
38S8 S8.338 -9.831 8.978 
3925 S2.986 -1-2.871 8.939 
4888 52.738 -18.S83 8.935 
4876 .o48.S38 -29.888 8.98-4 
4168 48.387 -27.724 8.888 
-4225 48.892 -19.999 8.877 
-4308 49.731 -31.431 8.932 
4375 48.992 -19.S.o4-4 8.8-41 
4458 41.891 -22.343 8. 977 
4526 4S.484 -29.-4-48 8.975 
4888 44.586 -29.896 8.993 
4876 37.398 -31.3-43 8.938 
4758 44.978 -19.141 8.9S3 
4825 S3.879 -23.894 e. 795 
4988 41..781 -14.542 8.978 
497S 3.288 -90.888 0.638 
sese 43.282 -18.219 8.899 
S126 411J.S32 -S.581 0.973 
5288 24.918 -32.841 0.808 
6275 32.724 7.285 8.982 
S3S8 38 .• 775 2.109 8.948 
S42& 14.342 28.348 0.938 
&see 29.884 4.289 8.972 
6675 18. sea· 22.289 8.997 
5858 e. 0ee 0. 0ee 0.0ee 
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Figure 11. Partic:le Motion of far-offset sv source data. Rad~al component is on 
vertical axis and SV component is on horizontal axis. 
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ROTATION ANGLE CHANGE FOR SV RAY PATH 
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Figure 12. Rotation error angle 5 seen between P raypatb and SV raypath. 
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TABLE 4 - ERROR ANGLES FOR FAR-OFFSET ROTATION 

DEPTH (FEET) DELTA F 

1508 -24.271 0.9689 

1908 -22.461 0.9769 

1976 -22.223 0. 9813 

2058 -21.692 0.9833 

2126 -28.719 0.9784 

2200 -19.378 0.9874 

2275 -19.062 0.9888 

2360 -19.023 0.9862 
2425 -19.239 0.9839 
2500 -19.933 0.9683 
2576 -20.026 e.9441 
2ese -2e.129 e. 9314 
2726 -28.138 8.9288 
28e8 -19.464 8.92&9 
2875 -19.481 8.9258 

2968 -19.283 e.9218 
3e2s -19.e21 e.9188 
3108 -18.831 0.9178 

3175 -19.028 0.9178 

3258 -19.188 e.9178 

3325 -19.059 8.9181 

3408 -19.058 e.9181 

3475 -18.961 0.917& 

36S0 -18.8<42 0.9171 

3825 -18.7H e.9187 

3708 -18.688 0.9188 

3775 -18.452 8.9188 

3858 -18.328 8.9184 

3925 -18.224 8.9183 

4088 -18.128 0.9182 

4075 -18.843 1.91&8 

4158 -17.968 1.9154 

4225 -17.888 8.9149 

43H -17.777 8.9144 

4375 -17 ."«591 1.9139 

4468 -17.883 0.9134 

4525 -17.588 8.9129 

4888 -17.418 8.9124 

487& -17.332 ". 9128 
4768 -17.238 8.9116 

4825 -17.145 0.9188 

4988 -17.841 8.9181 

4975 -18.973 0.9893 

sese -18.888 
8.9087 

&125 -18.8H 
0.9881 

6288 -18.741 
0.9878 

6276 -18.869 
e.9878 

S361 -18.681 
8.9HS 
e.9888 

S42S -18.618 8.9854 
ssee -18.446 
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TABLE 5- FAR-OFFSET SHEAR-WAVE ROTATION ANGLES 

DEPTH (FEET) PHI THETA 

15EIEI un.e8 -U.EIE13 
19EIEI 92.276 -77.236 
1975 91.2EI6 -un.21116 
2EI5111 93.464 -122.68111 
2125 96.687 -47.499 
22111111 89.627 -41.886 
2275 93.773 -149.349 "" 235EI 89.664 -146.779 
2425 87.11196 -156.31117 
25EIEI 88.896 -118.988 
2575 97 .16EI -148.188 
266111 97.49EI -138.849 
2725 89.418 -33.774 
28EIEI 86.892 -166.177 
2875 86.463 -1N.961 
295EI 96.976 -162.222 
311125 98.982 -168.93& 
31111EI 96.668 -17&.688 
3175 86.228 -18.439 
326EI 83.617 -8.166 
3325 93.117 -4.879 
34EIEI 91.433 -9.748 
3476 88.13111 -8.939 
3SSEI 88.49'4 -1111.726 
3625 78.181 -12.732 
37EI8 88.611 -16.914 
3776 73.916 -9.147 
386111 74.338 -9.831 
3925 71.986 -12.871 
4EI81J 71.73111 -18.683 
4EI75 87.63111 -29.888 
41SEI 68.387 -27.724 
4225 84.892 -19.899 
43EIEI 87.731 -31.431 
4375 69.992 -u~.644 
44SEI 59.891 -22.343 
4525 63.41114 -29.448 
46EIIII 82.586 -29.896 
4875 64.398 -31.343 
475EI 62.978 -19.141 
4826 78.879 -23.894 
49EIEI 68.781 -14.642 
4975 69.288 -98.888 
sese 6111.282 -1111.219 
6125 67.632 -6.681 
62EIEI 41.918 -32.841 
6276 48.724 7.28& 
636EI 47.776 2.189 
6426 31.342 28.348 
65EIEI 46.884 4.289 
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Figure 13a. Far-offset sv source, vertical component data. 
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Figure lJb. Far -offset sv source, horizontal component 1. 
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Figure lJc. Far-offset sv source, horizontal component 2. 
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3. OTHER PROCESSING PACKAGES USED 

After the three components were rotated into a consistent coordinate system, more standard pro

cessing packages could be used to aid interpretation. One important tool for VSP interpretation is 

separation of upgoing and downgoing waves. This separation is possible because the vertical receiver 

geometry gives upgoing waves and downgoing waves opposite apparent velocities across the section. 

Apparent velocity is seen as moveout or 'dip' of an arrival on the VSP section, and events with 

differing velocities such as P-waves, shear waves and tube waves will exhibit different dips. A useful 

tool is some type of dip filter which will attenuate energy with a given dip anywhere on the section. 

A number of different methods have been proposed and studied for dipfiltering of VSP sections. Two 

DISCO modules were available for use. One was a user-written module 'DIPFIL', which is a time

distance domain filter. The other is DISCO'S 'COHERE' module which is a frequency-wavenumber 

domain filter. Tests of these two filters on the same data led to use of the DIPFIL module because of 

noise generated by COHERE. The filter was applied with a 4ms per trace slope and used a 25 Hz 

center frequency. The procedure used for dipfiltering included aligning the first arrivals by time shift

ing all the .traces so their first arrival was at the same time. This means the downgoing energy would 

have zero dip across the section. This improved the filtering process since it was found that the filter 

works best on events with zero dip. The traces could be shifted back after filtering to preserve the 

correct time relations. The traces are left aligned when estimating the depth of reflections below the 

deepest level. 

Other processing used standard seismic techniques such. as automatic gain control (AGC), 

bandpass filters ( the previously described Butterworth filter with adjustable bandwidth and rolloft), 

and trace equalization for plotting. Unless stated otherwise, all plots have individual trace nonnaliza

tion using the maximum amplitude on the trace. The particle motion analysis plotting routines used 

in the anisotropy studies were from specially written FORTRAN codes (HODOS.FOR in Appendix 4) 

used on the VAX ttnso with a laser writer for output plots. 
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The first step in analyzing the VSP data was calculation of the vertical velocity structure from 

the travel time of the near-offset first arrivals. The first arrival time was picked on the first peak of 

the P-wave wavelet and the first trough of the shear-wave wavelet The shear-wave arrival was 

picked differently because its trough had consistently better signal-to-noise ratio than its peak. The 

signal-t<rnoise ratio of the first arrivals determine the accuracy of the velocity measurements. The 

quality of near"offset data ranges from excellent for the P-wave source to very poor for sections of 

both shear sources. Many of the shear-wave arrivals were not coherent enough to pick travel times 

(see Figure 14). A first arrival pick was only made at those depths where the first arrival wavelet had 

a consistent character. 

The P-wave travel time was picked from the rotated radial component. the SH, travel time was 

picked from the rotated SH component. and the SH,. travel time was picked from the rotated SV com

ponent These components were used to measure the velocity of those arrivals having particle motion 

oriented the same as the source with respect to the raypath. Because of the near vertical raypath. the 

SV component of near-offset recordings is virtually in the horizontal plane. rotated 90 degrees from 

the SH component When calculating velocities, a straight raypath assumption is used to correct the 

measured depth for the extra propagation distance due to the 300' source offset The travel time 

information and average velocity calculations for P. SH, and SH,. sources are shown in Tables 1-1 and 

1-2 of Appendix 1. 

Interval velocities were calculated from travel times between depth levels. If the level at the 

top of the interval was not pickable, the next shallowest level with a pickable first arrival was used. 

Therefore. at levels where signals were too noisy to pick, the interval velocity is averaged over a 

larger interval. The interval depth listed is the center of the interval regardless of interval distance. 

The interval velocities are listed for 100' and 500' intervals in Tables 1-3 and 1-4 of Appendix 1. 
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Using velocities for P and S-waves, the P/S ratio and Poisson's ratio (cr) could be computed. 

Poisson's ratio is calculated using the relation 

where a is the P-wave velocity and ~ is the shear-wave velocity. Computations were made using 

both SH, and SH, sources, alth~ugh the SH, source has fewer measurements. Interval ratios were 

computed with the same algorithm as the interval velocities. Table 1-5 and 1-6 in Appendix 1 give, 

respectively, the average and interval calculations for the P/S ratios and Poisson's ratio. The interval 

P/S ratios and Poisson's ratio calculations are given for 500-foot intervals. Figure 1-1 of Appendix 1 

shows the interval Poisson's ratios for the SH, source data. The FORTRAN program written to per-

form velocity and Poisson's ratio calculations, VEL.FOR, is listed in Appendix 4. 

Analysis of the velocity data should include consideration of the data quality and the dependa-

bility of measurements. Since the P-wave arrivals have uniformly excellent signal-to-noise ratios, the 

P-wave interval velocities can be considered very precise. The error of the first break pick should be 

within ±2 ms. The shear-wave data quality is variable (see Figure 14). The SH, arrivals are good 

from surface to 2550'; from 2550' to 4000' they are very poor and only a few arrivals were picked. 

The SH, first arrivals are poor from 3050', the shallowest level, to 4200'; from 4250' to 5650' the 

first arrivals are good, with only a few unpickable levels in this zone. Because of the lower frequency 

content of the shear waves, the first arrival pick is less precise than P-wave arrivals with the same 

signal-to-noise ratio. The estimated shear-wave ttavel time error is ±5 ms. 

The zone of noisy shear-wave arrivals is caused by large amplitude noise on the borehole tool's 

horizontal components. In general, the horizontal geophones within a borehole tool are more suscepti-

ble to noise vibrations than the vertical component because the weight of the tool tends to wedge it 

vertically in the well. Also, if the locking-arm is not fully set, the tool may allow horizontal vibra-

tions; if vertical motion is allowed, the tool will tend to slide down the well. The horizontal com-

ponents of the near-offset P-wave data, which were recorded without relocking the tool, have the 

same noisy zone. 
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There does appear to be other noise problems in the SSSDP well. The cement bond log shows 

a deterioration in the cement bond below 2500'. A poor bond will reduce the signal-to-noise ratio for 

all the data. A different cause of the noise zone is indicated by the difference in data quality between 

near-offset and far-offset data. The far-offset shear-wave first arrivals have better data quality at the 

same depths (see Figure 15). A possible factor is a lower number of sweeps run at each depth for the 

near-offset sources. There are also indications that a tube wave created low frequency noise coin

cident with the near-offset shear-wave first arrivals. Figure 16 shows how an event with tube wave 

velocity (T4), arrives at the same time as the noise begins. Whatever its cause, the poor signal-to

noise ratio of the near-offset shear-wave arrivals reduces the scope and accuracy of data analysis. 



... 

I 

~-

i-

r 

C) 
0 
C) 
N 

• ~ 
~~ 

1->i 

~ 
~ 

e 
Q 
Q 
M 

\< 

~~. 
>. 

s ~ ~ 
~ ~. 
~~ ~ ~ 
~ .> it 
<I I~ :: > ~ > ~, ~ I~ ~ > . 

NOISY ZONE 

-
~~ 

~~ ...... 
~ 

~ ): 
~ ~1 I< ·~ r ~ >< ~ 

~~· < 
I~ 

~'lc 

~~~~ ~1l ~· !<x't 

44 

C) 

g DEPTH· 
II) 

r~: ~~ :~l ~. 

~~~~ :~· l; • 
~: 

,. 
)' 
)' 

e 
g DEPTH 
II) 

'5I 

>~: 

rJ; ~ 
,~ 

I< 

~ 
~( 

Figure 14. Comparison of near-offset SH, source, SH component data (top) with 
near-offset SHr source, SV component data (bottom). 
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Figure 15. Comparison of near-offset SH, source, SH component data (top) with 
far-offset SH, source, SH component data (bottom). 
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Figure 16. Near-offset P source, vertical component data showing possible gen
eration of noise from a tube wave. 
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2. VELOCITY MODELING AND RAY TRACING 

After computing the interval velocities for both P and S waves, a model could be developed for 

use in ray tracing. It was desirable to smooth the calculated interval velocities in order to reduce the 

number of velocity layers used for computation by the ray tracing software. Using the velocities from 

100' intervals, zones where the velocity did not show sharp discontinuities were averaged, and models 

for P and S waves were developed. The S-wave model came from the SH, velocities. Figure 17a 

shows the computed interval velocities at 100' intervals and Figure 17b shows the velocity models. 

The simplified velocity models were used in ray tracing software to help understand the propa

gation of the observed arrivals. The ray tracing, shown in Figures 18a and 18b, used an algorithm 

which propagated straight-rays within each constant velocity layer. The first observation is that the 

near-offset data do represent vertical propagation for all but the shallowest levels. The far-offset data, 

however, have strongly bent raypaths caused by the velocity variation with depth. The ray tracing for 

.the far-offset shear waves (Figure 18b) shows discrete changes in ray path for the shallow velocity 

layers. A change in ray path is the most likely explanation of the change in wavelet character seen at 

2275' for the far-offset SH, source. The far-offset shear waves actually have a turning point and 

arrive at some depths from below the geophone. This effect. is seen on the rotated first arrivals- for 

far-offset SH, source in Figure 3la which have their earliest arrival at approximately 2800'. 



""' a:o 
r-

a:o ..... ... 
I -00 ... 
"' 

INTERVAL VELOCITY 

0.0 3.0 6.0 9.0 12.0 15.0 
0~----~~----~------~----~------~----~ 
0 

§ 
0 

§ 
0 

P-WAUE 

.. 
§ 
0 

SH-WAUE 

::g 
8 
0 

"' § 
0 

Figure 17a. Interval velocity measurements for P and SH waves. 
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Figure 17b. Velocity models used for ray tracing. 
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Figure 18b. Shear-wave ray tracing for near-offset source (top) and far-offset 
source (bottom). 
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3. EVENT IDENTIFICATION • REFLECTED AND TRANSMITTED ENERGY 

3.1. NEAR-OFFSET P-SOURCE DATA 

The first data traces to be analyzed for reflected energy were from the near-offset P-wave sur-

vey. Figures 19a. 19b and 19c shows the 3 rotated components. The SHand SV components show 

shear arrivals between 1. and 2 seconds and some P energy. between .25 and .75 seconds. The radial 

component shows the P-wave first arrivals, but their large amplitude has left the rest of the trace unin-

terpretable because of the trace normalization used. Figure 20a shows a plot of the vertical com-

ponent of the near-offset P source with AGC. An AGC was applied to enhance the later events and 

the vertical component was used because P reflections should be traveling nearly vertically. The first 

arrival is clearly visible as are the numerous downgoing multiples. With horizontal layering, the 

downgoing multiples will parallel the first arrivals (Balch and Lee 1984, Hardage 1985). 

Also identifiable on this section are two tube waves (labeled T1 and TI), the second of which 

may be a multiple of the firsL A tube wave is a low frequency, dispersive, Stoneley wave which pro-

pagates in the borehole fluid and decays exponentially away from the well (Toksoz and Stewart, 

1984). The tube wave's average velocity was computed to be 4800 ft/sec, slower than P or shear 

waves. The zero frequency velocity of the tube wave <Vr) is related to the fluid velocity (a1) and 

fluid density (p1), and the surrounding rock's shear velocity (~:2) and density (p:z) by the following 

relation (Hardage, 1985): 

Tube waves can be analyzed for the information they provide through velocity, attenuation and parti-

cle motion as well as depth of generation (Toksoz and Stewart 1984, Biot 1952, Cheng and Toksoz .. 

1981, Hardage 1985, Huang and Hunter 1981). The strength of the tube waves observed in the 

SSSDP VSP indicates further analysis could be profitable, however a thorough study of the tube 

waves is outside the limits of this paper. 
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Other identifiable events on Figure 20a include a shear-wave arrival which seems to have an 

associated reflection. There are suggestions of P-wave reflections, but they are mostly obscured by 

the downgoing energy. The enhancement of upgoing reflected energy is the next step. 

To emphasize the reflected energy, a dipfilter was applied which attenuated downgoing events 

and therefore enhanced the upgoing events. The dipfiltered vertical component section is shown in 

Figure 20b. Here the previously identified events stand out, but also seen clearly is reflected energy, 

labeled event E, from below the deepest level at 5650. Event E is clearly the strongest reflection and 

it is impossible to say if the later events are multiples or separate events, but a strong reflection is 

likely to have associated multiples. As can be seen, the central section of the data, from 3000' to 

4000', is apparently blank. This effect is caused by the high amplitude noise associated with the 

shear arrival between 1250ms and 1500ms. The traces are normalized to the highest amplib.lde so the 

earlier, lower amplib.lde arrivals are not clearly visible. Fortunately, the noise is dominantly low fre

quency, so a high pass filter will reduce the noise. The highpass filtered section is shown in Figure 

20c. 

An estimate can be made of the depth at which a reflection is being generated. The procedure 

is to project the event down the section until it intersects a first arrival (the first arrivals can be 

aligned at one time, or not aligned, but the analysis is easier if they are aligned). The depth at which 

the projected reflection. event intersects the first arrivals is the depth of generation (Hardage, 1985). If 

the reflection is from below the deepest level, this procedure assumes a constant velocity between the 

deepest level and the depth of reflection generation. Figure 21 shows the results of this interpretation. 

Event E has an estimated depth of generation of 7000', the later event F is estimated at 7600'. Event 

D is not a very coherent reflection because it only appears strongly on four traces, however it does 

have the moveout of a reflection and its depth of generation is estimated at 6650'. 

The depth of generation of the tube wave can be identified in the same manner, except it is pro

jected up the well. The estimated depth of rube wave T1 generation is 1800'. The second tube wave, 

T2, is estimated to be generated 500' above the surface, meaning the estimate is wrong by 500' and it 
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then may be generated by surface waves incident on the borehole, or it is a multiple of the first tube 

wave. Another tube wave, T3, is apparently being generated by the shear wave at about 3000' 

although this may be a simple tube wave multiple. 

Other identifiable events include a shear reflection, event G, being generated at approximately 

4100'. This reflection appears to be a mode-converted P-wave. The evidence for this interpretation is 

the apparent velocity of the reflection. The estimated velocity of the reflection ~tween 2000' and 

3000' is 10,500 ft/sec while the measured P-wave velocity in this zone is 9,700 ft/sec and the shear 

wave velocity is 6000 ft/sec. Allowing for error in estimating the reflection velocity, event G appears 

to be P-wave energy. Also seen on this section are P reflections generated at approximately 2900', 

4400', and 5450', labeled R2, R3 and R4 respectiv«?ly. 

.,.,.-
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Figure 19c. Near-offset P source, SH component data. 
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Figure 20b. Near-offset P source, vertical component data, dipfiltered. 
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Figure 20c. Near-offset P source, vertical component data, dipfiltered with 25 
Hz high pass filter. 
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3.2. NEAR-OFFSET SH, SOURCE DATA 

The near-offset shear surveys were, as discussed, hampered by severe noise problems. The 

ttaces between 2500' and 4000' are essentially useless. This gap in the data made the dipfiltering 

process noisy. The best sections to interpret were simply high pass filtered at 25 Hz with an AGC 

applied. This processing is shown for all three components in Figures 22a, 22b and 22c. The SH 

component data (Fig. 22a) shows two strong multiples, laQc!led Ml and M2 following the primary 

shear event Since these multiples are not evenly spaced in time, they are probably being generated at 

different depths, but the data are not complete enough or quiet enough to identify their source depth. 

The SV component dala (Fig. 22b) shows strong shear-wave arrivals and some multiples as well as 

indications of tube wave energy, event T2. The implications of strong first arrivals on the SV com

ponent will be discussed in conjunction with anisotropy detection. The radial component data (Fig. 

22c) show a P-wave event, probably generated at the surface by the vibrator. Also seen is the tube 

wave event (T2) identified from the P-wave source. Weak indications of a reflector, labeled Rl, can 

be seen on the radial component The depth of generation of Rl is estimated at 4100', but accurate 

determination is not possible. 

3.3. NEAR-OFFSET SH,. SOURCE DATA 

The SH,. source suffered from the same poor signal- to-noise ratio as the SH, source as can be 

seen in Figures 23a, 23b and 23c which show the three components of the SH,. survey. Again, the 

dipfiltering process was not found to provide interpretable events, so the sections shown are· high pass 

filtered at 25 Hz ( with a 6 pole Butterworth filter) and displayed with AGC applied. The first shear 

arrival is good from 4150' to 5650' on the SV and SH components (Figs. 23a and 23b). The radial 

and SV components (Figs. 23c and 23a) show tube wave energy (event T2), probably generated by 

surface waves at the top of the well's fluid column. The radial component also has converted P-wave 

arrivals with associated multiples. Shear-wave multiples can be seen on the SV and radial com

ponents, although they are not as strong as those from the SH, source. 
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Figure 22a. Near-offset SH, source data, SH component. 
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Figure 22b. Near-offset SH, source data, SV component. 

0 
0 
0 sn 

DEPTH 

64 

T2 



0 
0 
0 
N 

0 
0 
0 
M 

Figure 22c. Near-offset SH, source data, radial component. 
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Figure 23a. Near-offset SH, source data, SV component. 
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Figure 23b. Near-offset SH,. source data, SH component. 
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Figure 23c. Near-offset SH,. source data, radial component. 
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3.4. FAR-OFFSET P SOURCE DATA 

The data traces recorded by the far-offset P source are probably the most interesting and 

unusual in the survey. Figures 24a. 24b and 24c show the data from the rotated components. While 

the radial component shows good P-wave first arrivals, it is the SV component which is quite 

anomalous. A number of unexpected downgoing events, including the two labeled A and B, and one 

strong reflection event labeled C, dominate the first second of data on the SV component. If these 

events were reflections or multiples from horizontal layers they would have appeared on the near

offset data sets. Keeping in mind the near-offset P-wave survey, which did not show such strong 

events on any component, it is clear that a simple horizontal layer model could not explain these 

events. Also identifiable is a source-generated shear arrival at 1.6 seconds, identified because the far

offset shear sources' first arrivals have the same travel time. 

The downgoing events seen on the SV component are not simple downgoing multiples of the 

P-wave since they do not parallel the downgoing first arrivals. Their apparent velocity, or moveout 

.across the section, would be the same as the first arrivals if they were generated by a horizontal bed. 

If they were generated by a dipping bed, they would show a different moveout but they would still be 

observed on the near-offset survey. It was the analysis of the apparent velocity of these events which 

provided a key to understanding their generation. 

The downgoing events A and B and the reflection, C, have the same moveout as the near-offset 

P-wave first arrivals. This observation implies these events are vertically travelling P-waves. The 

reason they are seen strongest on the SV component is explained by looking at Table 3 which has the 

rotation angle ~ for the far-offset P source. For the first 30 levels, where these events are seen, phi is 

between 50 and 85 degrees. This means the radial component is close to true horizontal and the SV 

component is seeing most of the vertical particle motion. If these events are vertically travelling P

waves, whether upgoing or downgoing, they would have a vertical particle motion. In order to best 

see a vertically polarized wave, the original unrotated vertical geophone component should be used. 
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Figure 25 shows the original vertical component · Events A, B and C are still coherent even 

though the direct P ray has oblique incidence and the first arrival is weak on many traces. The event 

labeled F is more coherent here than on the SV component (Fig. 24b). Given the observations, the 

best interpretation of the events labeled A, B, C, and F is that they are caused by P-wave energy 

which has been scattered near the well. The depth of generation can be estimated by looking at 

events B and C which appear to be upgoing and downgoing waves from the same source. They have 

opposite polarity and can be traced back to a common point in time at the 3000' depth where they no 

longer are seen on the section. The time at which they appear is after the first arrival, implying they 

were generated at some distance from the well, causing a delay before they arrived above and below 

the depth of generation. These events are then explained as being generated at a depth of approxi

mately 3000', and at some offset from the well. Figure 26 shows a schematic of this proposed 

scattering. 

A likely cause of P-wave scattering, given the known geologic environment, is a localized zone 

of fracturing or perhaps a vertical boundary between open fractured rock and impermeable sealed 

rock. This explanation is suggested by srudies of cores taken between 3012' and 3020'. These were 

found to have fractures which are "presently open and permeable" in a matrix of "chloritized and epi

dotized crossbedded sandstone and shales" (McKibben and Andes, 1986). This depth is also the only 

zone above 6000' which had fluid loss during drilling and was considered a possible flow zone. In 

fact, it was thought that a reservoir might be found near this depth because of projections made from 

wells in the SSGF, but the low rate of fluid loss and low permeability led to a decision. to not test this 

zone (Sass, 1987, personal communication). 

In order to look for other reflections, the vertical component section was dipfiltered to enhance 

upgoing energy. Figure 27 shows the dip filtered vertical component Notice that while the first 

arrivals are attenuated, the downgoing scattered energy (events A and B) is still apparent Since the 

dipfiltering process removes any downgoing energy caused by interbed multiples from horizontal 

reflectors - these events have the same apparent dip as the first arrivals - the indication is again that 

the downgoing energy associated with events A and B is scattered and not reflected. A reflection 



71 

from below the data set can· also be seen on the dipfiltered section~ In fact three reflections can be 

identified. Figure 28 shows the estimated depth of these reflections at 6100', 6900', and 7900'. 

Again these are estimates which assume a constant velocity below the deepest level and the later 

evenlS may be multiples. The later upgoing evenlS (after 1.1 seconds) actually appear to be primary 

reflections of the scattered energy as well as multiple reflections. There is also an indication of a 

reflection from approximately 2800' labeled event D. The different moveout between evenlS D and C 

illustrates the difference between scattered and reflected energy. 

In order to improve the resolution and separation of evenlS. the dipfiltered vertical section was 

filtered with a 25 Hz high pass Butterworth filter. This filtered section, shown in Figure 29, shows the 

pairs of upgoing and downgoing events centered about 2950'. Events A and A' are the first pair 

which appear to be generated very near the well. In fact. the first wavelelS for 2875' and 2950' show 

a reversal in polarity. The other labeled evenlS, B, B', F and F', all appear to be generated between 

2800' and 3100'. There are also evenlS following the shear wave arrival which appear to be scattered 

from the same depth zone. 

To confirm the scattering model, the apparent moveout of events A and A' was computed for 

comparison with the vertical velocity. Event A has an apparent velocity of 13,000 ft/sec between 

3025' and 3925' while the vertical velocity is 11,800 ft/sec and the far-offset first arrival's moveout is 

19,200 ft/sec. These. velocities show that event A is related to the vertical velocity; ilS faster moveout 

velocity can be explained by allowing for some horizontal offset of the scattering source. Event A' 

has an apparent velocity of 9600 ft/sec between 2050' and 2950', while the vertical velocity is 9000 

ft/sec and the far-offset first arrival's moveout is 29,000 ft/sec. Event A' is apparently vertical propa

gation and not an interbed multiple which would have a moveout close to the first arrivals. 

The radial component in Figure 30a, shows good first arrivals which have an unexpected double 

peak character. The expected wavelet is the same as the near-offset P source (Figure 19a). The two 

deepest traces, which are check shots from 7000' and 7100', show the expected wavelet without the 

double peak. The double peak wavelet seen on the radial component is probably caused by a 
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venically traveling P-wave following the direct arrival close enough that their wavelets merge. At the 

7000' depth the two events have either separated enough so that there is no interference, or the secon

dary event has attenuated enough to reduce its effect. A more complete data set is necessary to 

understand the change between 5650' and 7000'. A 25 Hz high pass filter was applied to the radial 

component to increase the resolution and see if a second event was interfering with the direct arrival. 

This section, Figure 30b, does indeed show a second event following the first arrival between 3175' 

and 4675'. It is the low frequency components of these two events which are overlapping and caus

ing the double peak character seen in Figure 30a. 

The SH component (Figure 24c) shows some of the characteristics of the SV component but it 

is more noisy. The downgoing scattered events can be seen, implying they have a horizontal com

ponent of motion. The shear arrival at 1600ms shows a reflection, event H, whose depth of genera

tion is estimated at 2875', possibly the same zone which is generating the scattered energy. 
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Figure 24a. Far-offset P source, radial component data. 

73 

0 
g DEPTH 
II) 



0 
0 
0 
N 

FAR OFFSET P SOURCE 
ROTATED SV COMPONENT 

0 
0 
0 .. 

Figure 24b. Far-offset P source, SV component data. 
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Figure 24c. Far-ofTset P source, SH component data. 
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Figure 25. Far-offset P source, vertical component data. 

76 



77 

MODEL OF SCATIERED P-WAVES 

FAR OFFSET 

3000' 

SCATI'ERING ZONE 

.. 

Figure 26. Model of scattered P-waves. 
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Figure 27. Far-offset P source, vertical component data, dipfiltered. 
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Figure 28. Reflector depth estimation for far-offset P source, vertical component 
data, dipfiltered. 
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Figure 29. Far-offset P source, verticaJ component data, dipfiltered with 25 Hz 
high pass filter. 
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Figure JOa. Far-offset P source, radial component data. 
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Figure 30b. Far-offset P source, radial component data with 25 Hz high pass 
ftJter. 
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3.5. FAR-OFFSET SH, SOURCE DATA 

Figures 3la. 3lb and 3lc show the rotated sections for the far-offset SH, source. The shear 

wave arrival can be seen on all three components between 1.5 and 2.0 seconds. Between 2500' and 

3500' there is very little moveout of the first arrival because the rays are turning and the angle of 

shear-wave incidence is near 90 degrees in this zone (see Table 5). The presence of a strong first 

arrival on both the SH and SV components is evidence of shear wave splitting, which will be dis

cussed with the anisotropy effects. There is a discrete change in the character and time of the first 

arrival between 2200' and 2350' which is seen on the SH component (Figure 3la). This is probably 

an effect of raypath since the ray tracing (Figure 18b) shows a change in ray path near this depth with 

shadow zones between 2000' and 3000'. 

The wavelet changes again at 3100' with a downgoing event emerging with different moveout 

than the direct shear arrival (event A). This event shows the same apparent velocity as the scattered 

P-wave energy seen for the far-offset P source. Apparently, the zone at 3000' is scattering P waves 

from incident shear waves. These scattered waves are seen more clearly on the SV component (Fig

ure 31b). which has nearly vertical orientation. 

Both the SH and SV components show downgoing multiples following the first arrivals. The 

radial component shows a poor first arrival, as expected. but there is low frequency downgoing energy 

below 3000' which is probably also associated with the P-wave scattering. An interesting effect is 

seen on the shallow traces at about 1.3 seconds where a coherent event is arriving before the first 

shear arrival. A possible interpretation is that this is also P-wave energy which has been scattered at 

some distance from the well. possibly by fracture zones. and has moved out ahead of the shear wave. 

Also seen on the radial component is a reflection from approximately 2500' (event J). 

Deep reflection. events are somewhat visible on the radial component Inspection of the various 

components shows these reflections are strongest on the original vertical component An estimate of 

the depth of reflection was made using the vertical component Figure 32 shows an aligned dipfiltered 

section of the vertical component. Estimates were made for three events at 6800'. 7500' and. 8600'. 
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Later events can be seen. but they are probably multiples. In fact. the 8600' could easily be a multi

ple between the 6800' and 7500' reflectors, only its strength indicates it is a separate event 
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Figure 3la. Far-offset SH, source, SH component data. 
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Figure 3lb. Far-offset SH, source, SV component data. 
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Figure Jlc. Far-oft'set SH, source, radial component data. 
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3.6. FAR-OFFSET SV SOURCE DATA 

Figures 33a, 33b and 33c show the rotated component plots for the far-offset SV source. The 

first thing to notice is the strong first arrival and good signal to noise ratio on the SV component. 

Also, the SV component shows the first arrival having nearly simultaneous arrivals between 2000' and 

2500', showing again the upturning of the ray path due to a steep velocity gradient. A possible 

reflection can be identified on the deep traces. The SH component shows the shear wave arrival but it 

is noiser with a high frequency event labeled A causing some interference. The event A may be scat-

tered P energy propagating with a horizontal componenL 

The radial component shows some energy with the main shear arrival, and it also has two 

separate events before the shear arrival (labeled K and L). These events are probably scattered P-

waves generated away from the well which have moved out in front of the shear waves . An estimate 

can be made of the distance from the well at which these scattered P waves were generated by using 

the known P and S velocities and the travel time difference. By assuming a straight ray path one can 

use the relation, 

AT VpVs 
X= . 

Vp-Vs 

where 

X = Distance of scatterer from well 

AV = Travel time difference 

Vp = P-wave average velocity 

Vs = S-wave average velocity 

Using this equation, the distance from the well to the scatter source was estimated at 1600' for 

event K, which would be roughly half the distance from the source to the 2000' depth receiver. 

Given the oblique incidence of the raypaths at this depth, it seems reasonable to assume the scatterer 

is mostly offset horizontally, and the lack of moveout of the scattered event also suggests horizontal 
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offset. A separate scattered event is seen deeper on the radial component_ (event L). The same 

analysis gives a distance to this scatterer of 1500' from the receiver at 3000'. which is probably also a 

dominantly horizontal offset. 

The radial component of the SV source shows a strong reflection from below the deepest geo

phone depth. This reflection actually is stronger on the original vertical component. so this como 

ponent is used for depth estimation. Figure 34 shows an aligned. dipfiltered section of the vertical 

component Two reflector depths are estimated at 6800' and 8000'. Later upgoing events can be 

seen. but these are probably multiples. 
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Figure 33a. Far-offset sv source, SV component data. 
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Figure 33b. Far-offset sv source, SH component data. 
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Figure 33c. Far-offset sv source, radial component data. 
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Figure 34. Estimate of reflector depth for far-offset sv source, vertical com
ponent data with dipfilter and aligned first arrivals. 
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CHAPTER 6 

ANISOTROPY ANALYSIS 

1. VELOCITY ANISOTROPY • NEAR-OFFSET DATA 
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As stated before, the near-offset shear sources are two polarizations of SH waves, labeled SH, 

and SH,. With these two polarizations of SH waves, it becomes possible to look for anisotropy in the 

horizontal plane, information rarely measurable in-situ. Two separate methods were used to look for 

anisotropy. The first is a simple travel time measurement used to look for velocity differences 

between orthogonal polarizations. This was done by picking first arrival times for both sources on the 

receiver component with the same polarization as the source, and comparing those times at depths 

where both were pickable. The first arrival was picked on the first trough for both sources. Figure 35 

shows a plot of the travel time difference. The data available, from 4250' to 5650', shows that SH, is 

faster with an _apparent trend of increasing separation between SH, and SH,. The average travel time 

difference in this depth range is 9 ·msec which is approximately 0.5% velocity anisotropy. While this 

is not a large amount of anisotropy, it is consistent enough over this depth interval of 1400 feet to 

show the presence of an azimuthal polarization dependence of shear wave velocity in the horizontal 

layers of this area 

2. VELOCITY ANISOTROPY· FAR-OFFSET DATA 

The far-offset SV source generates particle motion in the vertical plane. In fact, the oblique 

incidence of the raypaths indicate most of the motion is in the vertical plane. By comparing the data 

from the SH, source with the SV source, any velocity difference between SH and SV polarizations 

can be detected. As with the near-offset data, the first step is to look at simple travel time differences 

between SH, and SV sources. Again the travel time for each source was picked on the rotated coor

dinate on which the wave would arrive in an isotropic material, i.e. the SH, was picked on the SH 

component and the SV source was picked on the SV component Figure 36 shows the travel time 
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difference at each depth where both sources could be picked, points are to the right of the zero line 

when SH, is faster and to the left when SV is faster. The error of any one point is estimated at ±5 

ms. 

The dominant feature is a trend of SV motion becoming increasingly faster than SH motion. 

Another surprising feature is the crossover in travel time difference with the SV source having longer 

travel times shallow and SH, source having longer travel times at depth. For the shallowest levels, 

from 1500' to 2100.', the SH, source becomes increasingly faster, but at 2275' there is a discrete jump 

to equal travel time. This jump corresponds to the changes in wavelet character, raypath and travel 

time for the SH, source data. From 2275' to 3550' the travel times are approximately equal with the 

exception of an anomalous zone around 3250'. In this zone the SH, motion is again faster. From 

3250' to 5500' the SV motion becomes increasingly faster than the SH, motion. The total velocity 

difference of 16 ms. at 5500' represents about 1% velocity anisotropy. As with the 0.5% horizontal 

plane anisotropy seen at the near-offset, this is a small but measurable amount The overall trend of 

increasing separation between SHand SV is very evident 
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Figure 35. Travel time difference for near-offset shear sources. Data points are 
SH,. time minus SH, time. 
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3. SHEAR· WAVE SPLITriNG 

It is the observation of particle motion which provides the second method of analyzing aniso

tropy. Given the observed velocity anisotropy, shear-wave splitting should be seen on plots of the 

first shear arrival's particle motion. The use of particle motion plots to study anisotropy effects has 

been well documented (Crampin 1985, Majer, eL al. 1986, etc). A three component geophone pro

vides the ability to look at the particle motion within any 2-D plane or in its complete 3-D motion. 

Figure 37 illustrates the splitting of shear wave particle motion when a shear wave enters an anisotro

pic region. As described by Crampin (1985): 

A shear wave entering an anisotropic region necessarily splits into the two or more fixed 

polarizations which can propagate in the particular ray direction. These split phases pro

pagate with different polarizations and different velocities, and on reentering an isotropic 

region the original waveform can not be reconsrructed. 

Figure 38 shows particle motion ~ithin the first arrival window for all three sources from the 

far offset at the 1900' level. These plots show the three 2-D slices which describe the complete parti

cle motion plotted on the faces of a cube whose axes are the three components. The vertical axis is 

the radial component while the horizontal axes are the SH and SV components. The three plots on 

the cube faces are Radial vs SH, Radial vs SV and SH vs SV. This means the pure shear motion, SH 

vs SV, is shown on the bottom of the cube. While the SH vs SV plot is often the only one displayed 

in other studies, the radial component can. provide much information about the three-dimensional 

nature of particle motion. It would be possible to plot the particle motion as a single three

dimensional path, but in practice this type of plot is difficult to interpret since it is significantly depen

dent on the angle at which it is viewed. Figure 38 is representative of the particle motion one would 

expect from isotropic propagation. The P-source first arrival has mostly radial motion, the SH-source 

arrival has mostly SH motion and the SV -source arrival has mostly SV motion. 

The window used for these hodographs is approximately 70 milliseconds, although each arrival 

has a slightly different window length. The points plotted are two milliseconds apart. The first three 
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points in time are circled t.O provide the correct identification of first motion. The software used for 

this display was a FORTRAN program, HOOOS.FOR listed in Appendix 4. Since these plots are sen

sitive to signal-to-noise problems at any one level, their analysis should avoid individual levels which 

do not show correlation with nearby levels. Very good data quality is necessary before interpreting a 

single anomalous particle motion ploL The levels which were obviously distorted by noise are not 

displayed. 

Appendix 2 contains the particle motion plots for all the sources and all depths with sufficient 

signal-to-noise ratio. A quick inspection shows the P-wave source arrivals are, as theory predicts, 

confined to the radial componenL It is the particle motion of the shear arrivals which contains infor

mation about anisotropic propagation along the raypath. The following Tables summarize the impor

tant characteristics of the shear-wave particle motion plots displayed in Appendix 2, emphasizing both 

the SH-SV plane motion and the amount of radial motion. 

.. 
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MODEL OF SHEAR-WAVE SPUTI1NG 

SLOWER DIRECTION 

Figure 37. Model of shear-wave splitting in an anisotropic media. After Cram
pin, 1985. 
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4. NEAR-OFFSET PARTICLE MOTION DESCRIPTIONS 

4.1. SH, SOURCE 

NEAR-OFFSET SH, SOURCE 

DEPTH (FEEl) DESCRIPTION 

500 The SH-SV motion is fairly linear with dominant SH orientation. A 
strong radial component is seen in the Radial vs SH plane. 

1000-2200 The first motion is SH, but the arrival then forms an ellipse rotated 
approximately 45 degrees from the SH axis. 

2300- 2500 The first motion is generally SH, but the dominant direction is SV 
with the motion more circular at 2450' and 2500'. Very little radial 
motion is observed. 

2550-4000 These traces are too noisy to use particle motion analysis. 

4050-4350 The motion is elliptical in the SV -SH plane with a dominant SH 
· direction and no radial motion. 

4400-4700 The SV and SH motion begins to be out of phase with each other 
and the amount of SV motion at each level decreases until at 4700' 
there is linear SH particle motion. 

4800- 5450 The shear motion is again elliptical with a dominant SH motion and 
little radial motion. 

5450-5650 The SH and SY motions are about equal, though they are out of 
phase giving odd shapes. There is some radial motion at these· levels 
and the first motion is always SH. 
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4.2. NEAR-OFFSET SH,. SOURCE 

NEAR-OFFSET SH,. SOURCE 

DEPTII (FEET) DESCRIPTION 
3050-4200 These traces are too noisy for particle motion analysis. 

4250.-4350 The first motion is in the SV direction. At 4250' the SH motion is 
as large as the SV motion. The amount of SH motion decreases to a 
minimum at 4350'. 

4400-4550 The SH motion increases to give circular polarization at 4550' with 
some radial energy. 

4600-4800 The motion is split into two onhogonal polarizations, both rotated 
approximately 45 degrees from the SH and SV axis. 

4850-5200 The two polarizations are approximately aligned with the SHand SV 
axis. 

5350- 5650 The motion ·takes on a figure 8 pattern with dominant polarization 
which rotates from aligned on SH ro aligned on SV. 

.. 
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5. FAR-OFFSET PARTICLE MOTION DESCRIPI'IONS 

5.1. SH, SOURCE 

FAR-OFFSET SH, SOURCE 

DEPTH (FEE1) DESCRIPTION 
1500 The main arrival has very linear SH motion. Late in the arrival there 

is more elliptical motion. 

1900.2200 Very linear SH motion with little radial motion. 

2350-2875 The motion develops a significant SV component of motion. SH 
dominant elliptical motion continues to 2875' with radial motion at 
2725' and 2800'. 

2950- 3100 The motion is nearly circular with all three components nearly equal 
in amplirude. 

3175- 3500 The radial motion decreases and the ellipse becomes more linear in 
the shear plane, with an SH direction. 

3550- 3775 The shear motion ellipse broadens as more SV motion is seen. 

3925-4225 The first motion is SH, but the wavelet takes on SV and radial 
motion, and then returns to SH motion. 

4300-4675 There is no radial motion, and the motion is elliptical with SV orien-
tation. 

4750- 5275 The motion is still elliptical, but the direction of the orientation is 
rotated about 45 degrees from the axis and more radial motion is 
seen. 

5350- 5425 The shear motion is roughly a figure 8 aligned mainly with SHand 
with the latter part having large radial motion. 

5575- 5650 The shear motion is mainly aligned on the SH axis with strong SV 
and radial components. 
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5.2. FAR-OFFSET SV SOURCE 

FAR-OFFSET SV SOURCE 

DEPTH (FEET) DESCRIPTION 

1500- 2050 The shear motion is a fairly linear ellipse dominant SV motion. 

2125- 2500 The ellipse begins to rotate off of the SV axis and develop into two 
polarizations which are about 45 degrees apart The later polariza-
tion has some radial motion. 

2500- 2800 These levels are too noisy for particle motion analysis. 

2800- 5500 The shear motion for all these depths is mostly linear SV motion. 
There is significant radial motion around 3025', 4525' and between 
4900' and 5050'. 
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The interpretation of the various observations made with the VSP data iS somewhat difficult 

because seismic data interpretation needs good geologic control, especially with the more experirnen-

tal techniques such as particle motion analysis. Currently, only preliminary findings about the SSSDP 

are available. The available geologic infonnation is shown in Figure 5 which has the fractional parts 

of sandstone, siltstone and claystone with the amount of alteration from sulfides, anhydrite, chlorite 

and epidote. Gaps such as the one from 6700' to 6900' are due to lost circulation which prevented 

mud logging and core samples. The interpretation of the seismic data will attempt to link the aniso-

tropy analysis and the event identification. Among the factors which may affect the VSP data are the 

local stratigraphy, fracturing with or without fluid, and regional tectonic stress. Particular attention is 

paid to indications of fracture zones since this is one of the goals of the VSP. The interpretation 

separates the discussion of lhe horizontal plane anisotropy data from the SV vs SH, anisotropy data. 

1. HORIZONTAL PLANE ANISOTROPY· NEAR-OFFSET DATA 

As discussed previously, the near-offset shear wave data represent a horizontal plane anisotropy 

experiment. Figure 39 shows a summary of the near-offset anisotropy data. Unfornmately, the data 

are incomplete since the SH, source has no shallow data. The left column of Figure 39 shows the 

velocity infonnation, the center and right hand columns shows the generalized particle motion descrip-

tion for first arrivals from the SH, source and SH, source, respectively. 

There is a problem with interpreting near-offset particle motion analysis. The detennination of 

the horizontal rotation angle theta is inaccurate for vertically incident waves. Therefore, the absolute 

orientation of the rotated SH and SV components may vary with depth. However, since the com-

ponents are still orthogonal, non-linear motion implies there is shear wave splitting. Only the absolute 

orientation of the motion is unknown. For instance, the vmiation in ellipse orientation seen on SH, 

source plots between 2000' and 2050' in Appendix 2 for may be due to incorrect rotation, but the 
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non-linear motion still indicates anisotropy. 

Between the swface and 2500', the elliptical nature of the particle motion plots shows shear

wave splitting within the horizontal plane. The observed splitting must be caused by horizontal plane 

anisotropy. A possible cause of this anisotropy is depositional alignment of mineral grains due to the 

dominate Northwestern flow of sediments from the Colorado river to the Salton Sea and its predeces

sors. Another possible cause is variation of the stress field within the Salton Trough caused by tec

tonic forces. 

Below 4000' more information is available. The travel time information, which begins at 

4250', shows the SH,-generated wave is slower than the SH,.-generated wave. The particle motion 

plots for both sources show shear-wave splitting with two dominant polarizations of motion which 

appear to change phase with each other. A change in shape is interpreted as a phase change. The 

phase changes are probably due to the varying difference in travel time of each polarization. The 

changes in orientation of a given shape may be the rotation error. 
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NEAR OFFSET ANISOTROPY SUMMARY 

VELoaTY 
PART1Q.E MOTION SUIIWARY 

SHI SOURCE DATA SHr SOURCE DATA 
DEPTH 

LINEAR SH 

1000' 

ELLIPSE ROTATED ~DATA 

45 DEGREES FROM 
SH AXIS 

~DATA 
SV ORIENTED ELLIPSE 

~ISY DATA 
3000' 

SHORIENTED 
ELLIPSE, SV I"'TION ELLIPTICAL I"'TION, 

DECREASING WITH SV-I"'TION 

SI-r> SHt 
DEPTH · DECREASING WITH 

DEPTH 
ELLIPTICAL MOTIO~ 2 SEPARATE 
WITH PHASE POLARIZATIONS 
CHANGES CHANGING PHASE 

Figure 39. Near-offset anisotropy data summary. 
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2. SV VS SH, ANISOTROPY- FAR-OFFSET DATA 

The far-offset anisotropy data provide a much more complete data seL The results are outlined 

in Figure 40 which gives the travel time and particle motion summaries. The shallow zone above 

1500' appears to be fairly isotropic with equal travel time to 1500' and linear particle motion for both 

sources' arrivals at 1500'. From 1900' to 2200' the SH,-generated waves are increasingly faster than 

waves from the SV source. Between 2200' and 2500' the particle motion shows evidence of aniso

tropy, with the first shear arrival from the SH, source developing SV motion and the SV source first 

arrival splitting into two polarizations. The travel time and particle motion infonnation both indicate 

a change near 2200'. Velocity increaSes are seen for both P and S waves near 2200' with the S velo

city showing a large increase. There are indications of reflections near 2200', but identification was 

not possible because of the lack of data between 1500' and 1900'. There does appears to be a general 

transition zone around 2200'. Geologically, from 1700' to 2100' there is the first anhydrite alteration, 

possibly marking the "cap rock" seen in the SSGF. The seismic effects may be related to the transi

tion from anhydrite alteration in ·a mostly claystone layer to an altemtion free sandstone layer at 

2200'. 

From 2200' to 3000' the SV- and SH,-generated arrivals have approximately equal travel time 

indicating a relatively isotropic region. The SH, source first arrival gives elliptical particle motion in 

this region with SV motion increasing with depth. SV motion in the SH, -generated arrival is prob

ably due to the local high of SV velocity (seen at 2200' in Figure 36) which causes SV motion to 

move into the SH,-genemted arrival. From 2500' to 2800' the poor signal-to-noise in the SV source 

data prevent seeing the transition from split SV -generated arrivals to linear SV -generated arrivals. 

The zone from 2900' to 3200' has a number of anomalous properties. At 3000' a local high in 

the SH/SV velocity ratio develops with a peak SH/SV ratio at 3250'. The SH, -generated first arrival 

gives nearly circular polarization in this zone, and both sources give a large amount of radial motion. 

Anomalous vertically scattered P-waves seen from the far-offset P source (Figure 27) appear to ori

ginate from about 2900' and indications of scattering from 3000' . are seen on the SH, source data. 
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The near-offset P source data show a reflection at 2900', and there is a high P velocity zone at 3000' 

to 3050' followed by a low velocity zone at 3200' to 3300'. 

Figure 41 shows the hodographs for the SH, source's first arrivals from 2875' to 3175'. The 

2875' hodograph shows a narrow ellipse in the SH-SV plane with dominant SH motion. The amount 

of Radial and SV motion increases in the hodographs at 2950' and 3025', and then decreases at 3175' 

leaving the motion similar. to the 2875' level. A possible interpretation of the increased radial energy 

is P-wave scattering. If the radial motion within these shear wave arrivals is caused by P-wave 

scattering, it would have to be caused by an inhomogeneity near the well since the higher P-wave 

velocity would cause the scattered P-wave energy to separate from the sheat wave arrival. 

A key finding relating to this anomalous zone is that the core from 3012'-3020' had an "open 

and permeable fracture zone " with indications that "this fracture zone presently contains a brine" 

(McKibben and Andes, 1986). There is anhydrite alteration above 2900' which may serve as an 

impermeable cap, and the nuclear porosity log showed an increase in percent porosity between 2900' 

and 3100' (Paillet, 1986). The lithology in this zone is mostly sandstone from 3000' to 3200' with 

some shale, siltstone and claystone. The anomalous seismic effects are most likely caused by a fluid. 

filled fracture zone near the well. 

Below 3300' the SH velocity decreases with respect to SV, and below 3500' the SH,-generated 

wave has more total travel time than the SV -generated wave. The SH, source first arrival particle 

motion becomes more linear from 3200' to 3500'. The effect of motion becoming more linear may 

be caused by phase changes between SH and SV motion since the major axis of the ellipse moves off 

the SH axis and then moves back to the SH axis as the motion becomes more circular from 3500' to 

3800'. 

After 3800' the particle motion of the SH,-generated arrival develops an early SH motion and a 

later SV motion. This is seenon the hodographs from 3925' to 4150' in Appendix 2. A radial com

ponent of motion is seen developing from 4075' to 4225'. The separation of SHand SV motion is 

probably a local effect, possibly from aligned fractures which have slowed the SV motion more than 
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that seen from the total travel time measuremenL The observed radial motion could also result from 

fracturing which causes P-wave scattering. The P-wave scattering could be caused by SV motion 

since the radial motion and the SV motion occur at the same time within the first arrival. There are 

reflections from the near-offset shear-wave data generated between 4100' to 4200' (events R1 and G 

on Figures 22c and 21). The zone from 3900' to 4200' is associated with large anhydrite alteration 

and some epidote alteration which indicates hydrothermal activity and fracturing. 

For the SH1 data below 4300', radial motion stops and shear motion becomes more circular. At 

4600' and 4675' the shear motion ellipse actually takes on an SV orientation as the SH motion 

decreases. This effect is probably due to a local high in SV/SH velocity ratio at 4675'. At 4300' 

Poisson's ratio reaches a minimum and begins increasing after decreasing continuously. 

From 4800' to 5650' both SH and SV motion are seen on arrivals from the SH, source with the 

phase changing with depth giving varying shapes .from circular to 'figure 8' motion at 5350' and 

5425'. Large radial motion at 5500' at:td 5575' may be caused by local fracturing, and the radial 

motion again appears at the same time within the arrival window as SV motion. A P-wave reflection 

was also seen at 5450'. The seismic effects between 4500' and 5500' may be related to the epidote 

alteration which begins at 4400' and is indicative of strong hydrothermal process. The epidote altera

tion has a maximum of 1% at 4800', decreases to minimal amounts from 4200' to 4400' and 

increases to nearly 1% again from 5450' to 5600' and then is not detected until 6100' (see Figure 5). 

One observation which may have regional implications is the consistent particle motion seen in 

the SV source first arrivals. Waves generated by the SV source motion are a stable propagation mode 

which only shows anisotropic effects in the 2100' to 2500' range. Below 2800' the SV source data 

have consistently linear SV motion in the SH-SV plane with some radial motion seen at various 

depths. The nearly isotropic propagation of SV polarized waves may be a regional effect since this 

polarization is oriented along the axis of the spreading center while the SH, orientation is perpendicu

lar to the axis. Another possible explanation is that all the anisotropy is in relatively thin horizontal 

beds to which the SV motion, with its long vertical wavelength, is not sensitive. More tests would be 

•. 

.. 
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necessary to confinn either hypothesis. One such test would be conducting another YSP with a far

offset 90 degrees around the well from ours, giving the SV and SH, sources opposite polarization 

from this survey, and then looking for linear SH or SV motion. If the SH motion is linear it would 

indicate a regional cause, and if the SY motion was still linear it would indicate a local bedding 

cause. 
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FAR OFFSET ANISOTROPY SUMMARY 
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3000' 

SH OCMINAT LINEAR SV 
ELLIPSE 

ELLIPSE WITH 
INCREASING SV 

... 
MORE RADIAL 

SV> SH 

ELLIPTICAL MOTIOI'< 

5000' WITH CHANGING LINEAR SV 

PHASE 

MORE RADIAL 

eooo· 

Figure 40. Far-offset anisotropy data summary. 
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CHAPTER 8 

FRACTURE ORIENTATION USING POLARIZATION DIRECTION 

In the previous section the particle motion of the first shear-wave arrival was used to analyze 

anisotropy. The presence of anisotropy is inferred by any variation in . the direction of motion from 

the isotropic components of radial, SHand SV motion. Within the SSGF the anisotropy is probably 

affected by fracturing associated with hydrothennal alteration and fluid circulation. Since the specific 

orientation of any one fracture zone is unknown, a method of analyzing the VSP data to detect this 

orientation was used. The direction of shear-wave polarization after passing through an aligned set of 

fractures will be parallel and perpendicular to the plane of the fracture set (Crampin 1985, Majer et al. 

1986). Using this information, an attempt was made to detect zones in which the first arrival particle 

motion became aligned in two directions while passing through some zone in the well. This requires 

computing the particle motion orientation as a function of time within the first arrival waveleL 

The data used in the previous analysis of particle motion could not be analyzed directly because · 

the coordinate system used was the wavefront system whose orientation varied as a function of depth. 

What is needed to detect fracture orientation is a "borehole" coordinate system which has the same 

coordinate orientation at every depth. Such a coordinate system has components vertical (V), horizon

tal towards the source (Hl), and horizontal ttansverse to the source (H2) as shown in Figure 9. The 

data traces were rotated into this system by the same rotation algorithm used previously. For 

borehole coordinates, the original vertical component is not altered while the two horizontals are 

rotated into Hl and H2 (see ROTBOR.FOR in Appendix 4 for FORTRAN code). 

The data from the far-offset shear sources were rotated into borehole coordinates for orientation 

analysis. Once the traces were in borehole coordinates. the polarization direction could be compared 

from level to level. The computation of polarization direction as a function of time was accomplished 

with a modification of the covariance mattix analysis used to find the geophone rotation. A window 

of 15 samples length (30 msec) was passed through the first arrival wavelet moving 2 samples (4 

.. 
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msec) at a time. Each time the window moved, the direction of polarization within the window was 

computed. Because each depth had a different first arrival window length, the number of polarization 

computations varied with depth. The rectilinearity function was used to estimate the degree of accu

racy of each calculation . 

The complete listing of polarization directions with their rectilinearity function values for the 

far-offset shear sources is given in Appendix 3. The angle ell is in degrees down from vertical, and 

the angle 9 is in degrees counterclockwise from the source azimuth, which is approximately S45E. 

The angle 9 is non-unique since 9 + 180 degrees is also an eigen vector solution (in other words, the 

fracture orientation forms a plane not a vector). 

Careful reading of the polarization direction data shows a number of depths which have a 

unique direction with high rectilinearity value. It may be that some· or all of these are related to 

localized fracture orientation. but it is also possible they are simply errors in rotation or thin bed mul

tiple noise. · There is one zone which gives some appearance of splitting the far-offset SH, -generated 

arrival into distinct polarization directions over a range of depths. This zone is centered at 4000'. 

The data are displayed by plotting the polarization directions on a separate borehole axis system for 

each level. A unit length vector is plotted for each window's polarization computation. Fi~ 42 

shows the orientations from 3775' to 4150' for arrivals from both the SH, and SV sources. 

The arrows in Figure 42 indicate the directions of polarization which develop for the SH, source 

at 3925' and 4000'. Notations in Appendix 3 show how the wavelet switches between these two 

directions of polarizations-(labeled 01 and 02) at progressively earlier times within the wavelet This 

is the effect one would expect to see if one polarization direction represented a faster direction of pro

pagation. The rectilinearity function also changes from nearly one at early times, to low values as the 

direction switches and then returns to nearly one late in the arrival wavelet This indicates two 

coherent polarization directions which overlap within the wavelet With no other evidence of a frac

ture zone at this depth, it is difficult to say what this polarization analysis represents. The consistent 

data over a range of depths would rule out rotation error or random noise. Interbed multiple 
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interference could still be a source of elTOr. 

The polarization direction analysis provides another use. Figure 42 clearly shows the difference 

between arrivals from the SH, source and the SV source. While the SH,-generated arrivals have a 

varied polarization direction. the SV -generated arrivals have a very consistent direction at every depth. 

This is a display of the isotropic propagation of the SV -generated waves juxtaposed with the anisotro

pic propagation of the SH, -generated waves. Figure 43 shows polarization direction plots for shal

lower depths. The difference between SH, and SV data is again shown~ The 1500' level in Figure 43 

shows how the wavelet is polarized in an isotropic zone; the SV -generated motion is tilted because of 

the incident ray angle while the SH, -generated motion is on the H2 axis which is parallel to the 

source motion. 
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Figure 42. Direction of particle motion polarization for a 30 msec window 
within the first shear arrival for far-otTset SH, and sv sources near 4000' 
depth. 
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Figure 43. Direction of particle motion polarization for a 30 msec window 
within the first shear arrival for far-offset SH, and sv sources. 
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This section is a summary of data analysis results for each of the stated goals of this thesis. 

The areas to be summarized are standard VSP analysis, anisotropy analysis, fractme detection and 

orientation analysis. At times these areas overlap and results are found to apply to more than one 

conclusion. All the results are brought together here in a summary of the seismic wave propagation 

effects seen with the SSSDP VSP. 

1. STANDARD VSP ANALYSIS 

The standard VSP analysis includes velocity analysis and identification of events seen on vari

ous profiles. The velocity analysis proved adequate for the modeling and event identification analysis 

used in this study. The P-wave velocities were accurate when compared to the other well information 

available. The S-wave velocities ·were sufficient for modeling although the poor data quality between 

2500' and 4000' proved a hindrance especially when analyzing the anomalous zone around 3000'. 

The lack of accuracy in the near-offset a determination may also have created some error in the first 

break picks. An error in a will cause a phase shift on each of the three components. A. phase shift 

would cause the first trough to be at the wrong time. The consistency of the first arrival indicates this 

error is small, however a change in wavelet character is seen on the last 4 traces of the shear source 

sections. This change may be a rotation error. The difficulty in determining a from a near offset 

increases with depth as the raypath approaches vertical. The shear velocities determined from these 

deepest 4 levels and from the noisy levels between 2500' and 4000' are most likely to be inaccurate. 

The identification of events was successful with all coherent events identifiable as reflections, 

multiples. tube waves. or the more unusual scattered waves. There are relatively few reflectors within 

the depths covered with the VSP and none were strong enough to be seen by all of the sources . 
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All the VSP sections did show reflections from below the deepest VSP level. The shallowest 

and most often seen reflection is from the 6700' to 6900' zone where the lost circulation indicates a 

fractured reservoir is located. The far-offset SH, and SV data have a reflection from 6800' while the 

near-offset P-source data have a reflection from 7000' and the far-offset P-source data have a 

reflection from 6900'. The strength and consistent appearance of this reflection indicates that the frac

ture zone has an areal extent of at least a few hundred feet and that it is a relatively horizontal 

feature. A steeply dipping reflector would be seen to have curved moveout across the VSP section. 

Deeper reflectors were indicated on all the profiles, but their identification as reflections is not definite 

and their depth of origin can not be accurately assessed. 

The detection of vertically scattered P-waves from the far-offset P-source was an indicative of a 

heterogeneity near 3000'. The scattered waves were the most obvious indication of the 3000' zone 

which also shows a reflection on the near-offset P-source survey and shows radial particle motion 

within the shear arrival. The anomalous seismic e~fects of this zone indicate fracturing. 

2. ANISOTROPY ANALYSIS 

The analysis of travel time for orthogonal polarizations of shear sources did find anisotropic 

propagation. The near-offset data, which was only useful over a limited depth range, shows aniso

tropy within the horizontal plane. The particle motion analysis of this data was ambiguous because 

the geophone component rotation is inaccurate at close offsets. However, both near-offset shear 

source first arrivals show non-linear particle motion, an effect which is only dependent on having 

orthogonal components which the near-offset rotation does provide. This non-linear particle motion 

shows horizontal plane anisotropy exists. The lack of accurately oriented components prevented 

analysis for any axis of symmetry within the horizontal plane. While the absolute orientation of the 

near-offset shear wave particle motion is questionable, splitting of the wave form is occurring. The 

horizontal plane anisotropy needs to be measured with an oriented geophone to obtain more informa

tion. 
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Anisotropy seen with the far-offset data is the more standard SH vs SV propagation anisotropy. 

The ttavel time data shows a crossover in velocity structure with SH propagation faster shallow and 

SV propagation faster at depth. There is also some localized structwe seen in the ttavel time 

difference plot. Most notable is the local high in SH propagation velocity from 3000' to 3500'. This 

may be related to the anomalous zone around 3000' with ray path coverage spreading the effect to 

deeper levels. 

The particle motion analysis showed the SV propagation mode to be an axis of symmetry with 

splitting of the SV motion only seen from 2100' to 2500'. Some zones did show significant radial 

motion in the shear arrival from the SV source which may be scattering of P-wave energy within the 

shear wavelet. 

The SH,-generated waves showed a complicated particle motion having SH, SV and radial 

motion whose relative amplitudes varied with depth. The SH,-generated particle motion is indicative 

of anisotropic propagation. The amount of ttavel time difference between arrivals from SH, and SV 

sources (up to 1 %) can explain the shear wave splitting seen in the data from the SH, source. 

. Given the SH, data, the lack of splitting in the SV -generated first arrival is unusual. There is 

not enough separation in time to cause SH motion generated by the SV source to move out of the· first 

arrival. The maximum ttavel time difference is 15 msec while the wavelets were analyzed with win

dows at least 50 msec long. The linearity of the motion in arrivals from the SV source does show 

that the SV source motion is an axis of anisotropy symmetry. 

The splitting and ttavel time difference measured in the horizontal plane does indicate that the 

horizontal plane anisotropy needs to be included in future anisotropy studies. The SV -generated first

arrival particle motion. has a component of motion with the polarization of the SH,. source. Strong 

anisotropy in the horizontal plane could be misinterpreted as SV vs SH anisotrOpy. This is especially 

true for surface reflection data using SH and SV sources because they have no horizontal plane infor

mation. In this survey, the horizontal plane anisotropy has half the effect of the SH-SV anisotropy 

(0.5% vs 1.0%). 
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3. FRACTURE DETECTION 

The first discovery of interest to fracture detection is the strong reflection from the fractured 

reservoir between 6700' and 6900'; all the sections which could be dipfiltered showed a reflection 

from this zone. The strength of the reflections indicates that a surface seismic survey could track this 

event and possibly delineate the reservoir. The relative strength of the shear wave reflections on the 

vertical component points out the need for three component recording. It is unfortunate that VSP data 

could not be recorded through this zone to srudy its effects on seismic wave propagation. 

The anomalous zone at 3000' shows the effects of fracturing. It is scattering P-waves from 

both P and S wave sources. The shear velocity anisotropy shows a local high just below this zone, an 

effect which indicates localized fracturing. The scattered P-wave events on the radial component of 

the SV source data (events K and L on Figure 33c), could lend themselves to inversion schemes to 

identify their source location with more accuracy. 

The appearance of radial motion within the shear wave first arrival may also be an indication of 

P-wave scattering from fractures. Assuming the rotation is reasonably accurate, it would take severe 

anisotropy to cause any significant shear motion along the propagation direction. The scattering of 

P-energy by the shear wave seems a most likely explanation of the large amount of radial motion seen 

within the shear arrival at some depths. 

4. FRACTURE ORIENTATION ANALYSIS 

The attempt to find the orientation of some fracture zone with this data set was limited by the 

lack of a known zone within the depths surveyed. Given that limitation, the procedure of analyzing 

the particle motion orientation as a function of time within the first arrival did produce some interest

ing results. First. the display of particle motion direction proved to be a good graphic for the linearity 

of the SV source first arrival motion as compared to the SH, source's first arrival motion. Within the 

SH, 's first arrival motion, one zone of split orientation was found. This ZOJle, from approximately 

3900' to 4200', gave the results which were expected for two polarizations of differing velocity. An 
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estimate could be made of the absolute orientation of these two polarizations. No core data showed 

fracturing in this zone. However, this is a zone with anhydrite alteration indicating hydrothennal 

processes which could have associated fracturing outside the borehole. While no definitive conclu

sions could be reached about fracture orientation, the analysis technique does show enough promise to 

warrant further study in a more contrOlled situation. 
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APPENDIX 1 

VELOCITY INFORMATION 

All the tables and plots in appendix 1 use the following units: 

Depths - Feet 

Travel Time - Seconds 

Velocity - Feet per Second 

Ratios - unitless 
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TABLE 1-1 TRAVEL TIME MEASUREMENTS 

Values or 0.00 Indicate No Data 

.. 
OEPTH " TRAVEL TUIE SHr TRAVEL TIWE SHt TRAVEL TilliE 

6H. 8.1111 8.He 8.1163 
111188. 8. 1117 8.111elll 111.9611 
uee. 8.212 8.111 .. 1.111118 
2888. 8.8N 8.111 .. 1.228 
2868. 8.3311 8.111111111 8.111 .. 
21111111. 8.346 8.He 1.281 
216~. 8. 31>2 111.88111 1.2119 
2</lillll. 111.367 e."ee 1. 279 
221>111. 8.3113 "·- 1.287 
2J8111. 8. Jill "·"Ill ~ . .,111111 
23&111. 8. 374 8.111"8 8.8111e 
2488. 8.388 . .... 8.8el&! 
246111. 8.388 III.IIIN 1.32111 
26 ... 8.3111 8 .... 1.329 
2668. 8.397 8.1Ne 1.3311 
2118111. 111.482 •. .,88 8 . ., .. 
211fo8. 8.488 . .... 8 .... 
278111. 8.412 8 .... 8.8H 
2768. 8.418 8.8N ..... 
21 ... 8.421 8 .... 8.8 .. 
2168. 8.428 8 .... 8 .... 
211 ... 8.4U 111.8 .. 8 .... 
211611. ol.438 Ill .,., 8.8H 
lii!H. 11.44ot lll.l&!lillll .. .,.. 
lotblll. •. 444 • .•• Ill 8.1111N 
llotlt. 8.441 lt.H8 8.-
316111. 8.4bl 8 .... I. 4JII 
l2H. 8. 467 8.8H ... .,. 
3268. 8.4113 8.888 8.11188 
lJN. 8.487 8.H8 8.8N 
U68. 8.472 "'·~- 8.1Ne 
l4N. 8.418 8.- 1.4/l 
)468. •. 4·79 .... 8 1.488 
liN. 8.413 .... It 8.1&!H 
3668. 8.417 8 .... 8.eee 
JIIN. 8.4H 8.1Ne 1 .681 
31168. 8.496 . .... 1.6811 
37M. 8.4111 ..... 8 .... 
3768. 8.683 8 .... 8.-
311M. 8.687 • ... 8 - 8.811111 
3168. 8.&12 8 .... 8 .... 
l9 ... 8.618 Ill .... 8 .... 
31168. •• 628 . .... . .... 
4 .... 8.62l ..... . .... 
4868. 8.&27 8 .... . .... 
41 ... 8.i32 ..... I. 671 
4168. •.• u I. 616 I. 677 
42N. 8.6311 I. &74 8 .... 
4268. 8.642 1.61111 1.6117 
4388. 8.6411 1.618 1.5U 
4.168. 8 .... 1.611 1. 6118 ....... 8.61il 1.618 1.883 
44W. 8.668 1.8112 I .1188 
4i8 •• 8.&69 1.8117 1.11\4 
••••• 8.UJ 1 .812 1.81 !J 
411•!8. 8.5811 1.811 1.8~6 
4068. 8.1i8lt 1.823 1.831 
47 ... 8.672 1.121 1.837 
4168. 8.678 1.8li 1.843 ....... 8.67lt 1.148 1.848 
4168. 8.11113 I .146 1.864 
4\188, 8.680 1.8W l.lllill 
4\lb8. ..... 1.1166 1.8114 
b .... 8.6lt3 I .1181 I .878 
6868. 11.6118 1.888 I .1176 
61 ... ..61111 I .871 1.682 
lillie. 11.81112 ..... 8 .... 
62 ... ...... 8 .... 1.894 
6168. 8.8119 1.817 1.81illl 
6J ... 8.812 I .11112 1.186 
6lf>8. 111.1116 1.81ill 1.11111 
64118. e.8U 1.781 I. 7111 
641>8. 8.823 1.711 1.723 
66 ... 8.8211 8.8 .. 1.728 
6U8. 8.828 1.723 I. 7ll 
68 ... 11.832 1 .138 1.738 
6018. 8.11li l.7U I. 143 
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TABLE 1-2 AVERAGE VELOCITY CALCULATIONS 

Values or 0.00 Indicate No Data 

.. 

DEPTH P VELOCITY SHt' VELOCITY SHt. VELOC lTY 

~88. &e~7. e. 893. 
ute8. Ulite. e. leli. 
l6H. 6824. 8. 13118. 
2-- 8. .. 1168 . 
2e68. 11112. II. II. 
2188. 111411. II. 11112. 
2llill. 11117. lit. 1711. 
221&111. 11:/111. e. 1731. 
22611. 1126l. e. 17114. 
2388. Ull3. e. e. 
2361J. UJ4. .. . . 
24M. 138&. 8. 8. 
2468. 11386. 8. 1171it. 
26118. 11448. 8. 18116. 
2668. 1487. it. 1822. 
21188. 11611. lit. •• 
21168. lllo8ft. •• • • 
27H. . 116114. •• 8 • 
2768. 111&8. 8. •• 
21H. 8818. •• 8 • 
2168. 1727. 8. 8. 
21188. 11784. 8. .. 
21168. 11881. 8. .. 
3 .... 1162. •• 8 • 
liJb8. 111183. 8. •• 
UM. 18&2. •• 8 . 
3168. IIIII. 8. 22e4. 
3288. 1en. 8. 8. 
3268. 7e48. 8. .. 
l3H. 7888. •• 8 . 
lllo8. 7121. 8. 8. 
34H. 717\. •• 2317 . 
l4blll. 7238. 8. U48. 
l61118. 7273. •• 8 . 
use. 7318. 8. 8. 
Je ... 7372. 8. 2487. 
31&8. nee. 8. 2427. 
JIM. 7464. •• 8 . 
J'l6e. 7478. 8. .. 
JIN. 11ill. 8. 8. 
3168. 7642. 8. 8. 
3888. 111e. •• 8 . 
lVIi8. 71111. 8. 8. ....... 7878. •• 8 . 
481'8. 17M. 8. •• 41118. 7127. e. 21117. 
41 ••• 7777. 21168. 211311. 
42M. 7il2. 2117&. •• 426111. 7111. 21187. 2116. 
4JM, 718&. 2711. 27M. 
4.1&8. •• 2741. 2728. ....... 71175. 2781 . 27&1. ....... 11122. 2784. 2174 . ...... IMI • 21M. 2784. 
4668. 1e111t. 21211. 2111. 
48M. 8144. 284ft. 2837. 
4lill. 11118. 2171. 211&7. 
47N. 1234. 2183. 2177. 
4168. 11113. 781\. 71187. 
4IM. llM. 21133. 21118. 
416111. lllli. 2964. 2\fJI. 
4VN. 1377. 21176. 2111ill. 
411611. .. 21181. 21118. 
6 .... 1447. 3811. 211118. 
lie••· ...... 3831. 38211. 

•· Iii H. 86211. 3e11. 3el7. 
fillie. 16111. •• IJ. 
&2M. llltft. 8. 3876. 
&2b8. llllll. 1117. 388&. 
&JH. 8114. 3137. 3113. 
&.1&8. 117ll. 31&8. lll4. , ..... 11l1. U72. 31&2. , .. , .. 87111. :UN. 3118. , .... 117118. •• lllll . 
666111. 11831. 32211. 3287. 
&see. 8873. 3242. 3227. 
68U. la&e. 3281. 3248. 
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TABLE 1-3 100' INTERVAL VELOCITY CALCULATIONS 

Values or 0.00 Indicate No Data 

OUTH p DEPTH SHr DEPTH SH\ 

1 .... IHI. til. .. liNe. 2ll7. .. I. I. •• u;•. Hl4 • 
1776. 1181. •• I. •• •• lHN. ••• 4. I. •• 2.6 •• 2127 • 
21M. 74116. I. I. 2176. l462. 
216 •• 1263. I. I. 716111. 66.7. 
22M. Hel. I. .. 22 ... 6616. 
226 •. lltllll. .. •• . . I. 
:<lN. lltllll. I. I. .. •• 236 •. 12M. •• I. •• •• 24N. 1218. I. •• 2361. 1112. 
24611. N2J, •• •• 2376. '"'· 26N. lltll21. •• I. 26H. 1211. 
261··· N28. •• •• • • •• 21N. 11.:11. I, •• •• . . 
2tll. 8837. •• •• • • • • 
2'H. IJ8l8. til. •• •• • • 276 •• 1111141. •• •• . .. • • 21 ... 8841. •• •• •• • • 2111. 8841. •• • • •• • • 
2He. 8847. •• •• •• • • 2861. 11164. •• • • • • •• J .... l24ll. •• •• •• • • l., •. 12441. •• • • •• •• 3181. llMI. I. •• 216e. 6M7. 
ll61. 11Hl. til. .. •• • • 
32N. 8168. •• •• •• • • 326 •• IJ867. I. .. I. • • 
l~N. ll .... •• •• •• • • 
Uil. liH7. .. .. .1271. 8721. 
l4 ... l42l •• .. . . UN. 17N. 
J4be. 142)2. .. .. . . . . 
u .... 12464. •• .. •• .. 
liil. l42ll. •• • • lUi. 7117. 
leN, 12467. •• I. llfil, 1172 • 
lCIH. 12411. •• •• •• • • 
UN. 12418. .. •• •• • • 
.1161. 11171. •• •• •• • • 
UN. ue77. •• •• • • •• .1161. u•n. •• •• •• • • 3He. 12411. I. I. •• •• .1861. 14241. •• • • •• • • 
4 .... 14241. •• •• •• . . 
••••• llHl. I. • • 3176. 72M. 
4lN. 12481. •• I. lHe • 7U1. 
4161. 14241. •• •• •• • • 
42N. 142H. 42N. ee6e. 42H. 887i. 
42M. 14211. 426 •. llU. 4226. uu. 

•• .. UN • IN I. 4lN. IH8. 
UM. \4252. 4161. 1Jit78. 4l61. 1871. 
un. 14881. 44N. lltll11. 44N. 8817. 
446 •• IICI21. 4468. ... , .. 4461 . lle71. 
46N. 14264. 4iN. 8fiFI. 41>N. Nll. 
41>61. 14256. 461i8. lle7l. 41061. lle71 . 
4IN. liCI.Jl. 41 ... 811172. 48N. aue. 
4161. 11112. 48 .... 8878. 48 .... U18. 
4.7 ... 14217. 47N. lll7. 47H. 1117. 
476e. 14261. 4761. 1317. 4761. lieU. 
4IN. 14757. 48N . IJ811. 4881. ~~en. ..... l42il. 4168. 8881. 41161 . lle74. 

•• .. 48M. 8881. 4He. 8811. 
4V61, l42i8. 4861. lieU, 4VIil. lle74. 
487i. 14812. , .... ee74. filM, IJI74. 
filii. IIIH. liM. 8812. 1111. lUI. 
61N. 104JI. •• •• •• .. 
lilblll. IICill. •• •• r.1r.1. BllV . 
&2M. 14212. 6176. 83611. 611&. 81118. 
li2ie. 1421l. &2N. IJiill. li261. lie /I. 
ilee. 11142. UN. ""· UM. IJI17. 
filii. 14212. filii. 78N, 6:Uil. !Jell. 
64M. 12481. 64N. 7811. 64N. 1181. 
6461. 14211. •• I. li461. ll21 . 
66N. 11C141. liliN. 8321. ,, ... 88.6. 
6661. lle42. i621 • 1813. lililie. IJ88e. ...... ...... ...... 88H • , .... IJ8H. 
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TABLE 1-4 500' INTERVAL VELOCITY CALCULATIONS 

Values Of 0.00 Indicate No Data 

DEPTH ,. DEPTH SH,. DEPTH SH~ 

14?6. 81122. e. •• •• e . 
17H. 7512. •• e . •• fl. 
11176. 8231. e. fl. 11176. 41118. 
2-. 1384. "'· "'· 22&8. 4111. 
2318. 1147. "'· .. 2276. 41118 . 
2368. 1181. •• e . .. •• 24H. 11117. .. .. 8 . .. 
2468. 118U. "'· •• 8, 8. 
~ ..... ue8. .. 8 . •• .. 
2668. 11388. •• .. 8 . •• 
:Z8H. fliU. •• 8 • 8. 8. 
28b8. 11741. •• •• • • •• 27H. lUI. •• •• • • • • 
2768. 18141. •• •• • • •• 21M. 18177. •• •• 8. e . 
2168. 188811. •• •• 8. • • 
21188. 18ill. •• •• 2168 . liN7. 
:ze&e. 11eu. •• •• 8 . . . 
.) .... 18111. .. .. 8 . 8 . 
1818. 18117. 8. 8. .. 8. ..... 181111. 8. 8. .. 8 . 
.)168. uee1. •• 8 . 2871. 8172. 
l2N. llli77. •• e . l .... 8211. 
l21i8. 11671. •• .. 8 . • • 
JlN. 11ue. ... •• •• 8. 
Ulie. 11167. 8. •• l871i. IJJ:J . 
J4H, 11111. .. 8, 14M. 8823. 
1468. 12148, •• 8 • 8. 8. 
UN. 12414. 8. 8. 8. 8. 
litie. 12466. •• • • •• •• liN. 12467. •• •• • • 8. 
3868 •. 12468. .. 8. •• . . 
31M. 121&1. .. .. .. . . 
l71i8. 1248 •. 8. .. 8. . . 
liN. 12481. •• •• • • 8. 
3868. 11188. •• -·· 3868. 7121. 
uee. 12481. 8. 8. uee. 7UL 
lillie. 12188. 8. •• 8. 8. ...... 12784. e . 8. 31168. 7878. 
4e68. 12786. •• II • Jll76. 7711. 

8. 8. •• •• 4IH. 7143 . 
4168. 13471. 8. 8. 4821i. 7868. 
42N. IJIIil. 8. 8. 481i8. 18i8. 
421i8. Ull4. 8. 8. 4876. 187J. 
41N. Ulll. 8. •• 41N. ll8e. 
4U8. 14871. 8. 8. 4Jii8. 82l7. 
44N. 14877. ..... 1881. 44H • 11218. 
4468. 16117. 4468. 11218. 4421. 11148. 
41iee. 14873. ...... 11871. 46N. 11188 . 
4618. 161111. 4668. II:Zlll. 4668. 11871. 
4176. 148U. 4888. 8248. 4888. 1818. ...... 11128. 481i8. 11248. 48611 . 81118. 

8. 8. 47H. 11416. 47H. 81118. 
4768. 14871. 471i8. 11:141. 47£11. 81111. ...... 11il22. ...... 11241. 41H. 8811 . 
4118. IU:U. ... , .. 114141 • 4 .... 111ili. 
4 .... IU2l. 8. •• ... 8 . 
dlill. 16124. II. •• 411611. 8768. 
6 .... 15124. 61H. 116111. , .... 11112. 
6868. 16121. 61168. 116111. lieli8. 1758. 
uee. 165111. Iii H. 8411. 51 H. lUlU. 
61&8. 16128. lillie. 11876. blli8. 1767. 
Iii". 14148. 6288. 11114. 1>2111. 11481. 
b218. lbl27. •• II . £2611. 1111117. 
uee. 1&127. lilH. 17£.8. liJH. 11017. 
U18. 15121. lilie. 1481. f>Jii8. 81116. ...... 11121. U71. 1117. Ull. ...2 . 
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TABLE 1-5 AVERAGE VELOCITY RATIOS 

Values or 0.00 Or 1.00 Indicate No Data 

DEPTH P/SHr SHr POISSON DEPTH P/SHt. SHe. POISSON .. 
&H. 6.8211 1.414 &H. I.IIN 1.111 , .... 4.141 1.471 1111. 1 .... 1 .1111 

l&N.· 4.1211 1.417 1&11. I.IH 1 .IIIII 
2111. I.IH 1 .... 21H. 1.111 1.11111 
2161. 1.111 1.11111 211161. 1.1111111 l.oflllll 
2111. 3.866 11.481 211tll. 11.11111 I.IIIJI 
2161. 3.0111 "· 461 216111. "·"'" 1.111&1111 
2211. 3.61.1 1.4611 2211tt. , .... 1.iliJI 
2261. 3.646 1.467 226111. l.ilH 1.111111 
2lH. lll.ltll 1.111 23111. I.IH 1.11111 
2361. ..... 1.1111 2361. 1.11111 1. ltlll 
24M. I.IH 1 .... 24N. 1.1111 1.1111111 
2461. 3.421 1.463 2461. . ..... 1.1111111 
:u;H. 3.3811 1.463 26H. 1 .... 1.1111111 
211>1. 3.381 1.462 2661. I.IH 1.111111 
28H. ..... 1 ..... 211H. ..... I.-
2411. ..... 1.111 211il. . .... I .IIIII 
27M. ..... I.IH 27N. -1.1111 1.11111 
27M. I.IH , .... 2711. 1.11111 1.111111 ,. ... ..... 1 .... 21H. . .... 1.HI 
2e51. I.IH 1 .... 2161. . .... 1 .... 
2-. I.IIIH 1.11 .. 2811. . .... 1.1111111 
2811. ..... 1.111 21161. 1.1111 ..... 
3111. 1.1111 ..... 31111. . .... 1.111111 
M&l. 1.1 .. l.HI lllil. . .... 1.111111 
:UN. I.IH 1.111 3111. 1.111 .. 1.111M 
31&1. 3. 171 1.446 31&1. ..... 1.111 
UN. 1 .... l.IJIII 32M. 1 .... 1 .... 
3261. I.IIIM 1.8111 3261. 1 .... 1 .111111 
Ull. II .... 1.111 .. 331111. II.HII '·"""" U61. ..... 1.11111 lltid . ll.llttll l . .,,. 
UH. 3.181 •·••a l4H. I.IH l.lilltl 
3411. J.IH 1.441 l411. ..... 1.11111 
IIH. I.IH 1.111 UH. . .... 1.1111 
3111. 1.111 1.111 3111. 1.1111 l.lllltl 
3 .... l:lll ••••• 34H. 1.111 I. ofllllt 
l411. 3.141 1.441 3461. 1.1111 1.111111 
3711. ..... 1.11 .. l7H . . .... ··-3711. ..... . .... 3761. . .... I .IIIII 
31H. 1.111 , .... liM. I.IIIH 1.111H 
3111. ..... 1 .... 3161. . .... 1.1111 
JIIIH. 1 .... t.IIIH 31tH. 1.1111 1 .... 
llllil. 1 .... ~. ... 31161. . .... 1.111111 ...... 1.111 1.11111 4111. 1 .... l.IIIH 
41&1. ..... 1.1111 ... , .. II .... 1.HI 
4111. 2.11U 1.436 41M. I.IIIH I.IIIH 
4151. 2.1141 1.u1 4161. 2.1126 Ill. 434 
42H. ..... I.IH 42H . 2.1121 I.H4 
4261. 2.1121 1.434 42611. 2.1115 1.4ll 
4JH. 2.1111 1.4.U 4311. 2 .!lei 1.4ll 
4311. ..... I.IH 4llil . . .... 1 .... 
4411. 2.188 I. 432 4411. 2 ..... •. 4J:l 
4411. 2.182 1.432 4461. 2.811 IJ.432 ..... 2.117 1.4l2 41>11. 2.876 1.431 
4IU. 2.111 1.431 41>61. 2.1143 1.431 ..... 2.171 1.431 4811 . 2.868 1.431 
4461. 2.1 .. I. 4.11 4461. 2.862 •• 431 
4711. 2.112 1.431 4711. 2 .1144 Ill. 431 
47U. 2.112 111.431 4711. 2.838 1.428 ...... 2.141 1.431 48N. 2.832 IJ.428 
4111. 2.1l7 11.4211 41161. 2.122 "· 428 ...... 2.831 1.4211 4-. 2.114 Ill. 428 
481il. I.IIH 1.111 41161. 1.111 111.111111 
Iiiii. 2.118 1.421 &IIIH. 2.111 •. 421 
lilil. 2.111 1.421 6161. 2. 786 11.421 
II H. 2.111 1.427 liN. 2. 781 II. 4:/U 
1161. 1.11181 1 .... 6161. I.IJH I .IIIII 
62N. 2.8 .. I. 427 b2N. I.IIIH I .IIH 
li211. 2.791 1.421 6261. 2. 7111 11.426 
6311. 2.788 1.421 UN. 2. 7lli 1.426 
6361. 2.78e 1.421 6361. 2. 711 8.475 
64N. 2. 772 1.421 6411. 2. 764 Ill. 424 
6411. 2.7111 1.421i li461. 2. 744 1.424 
i&H. 2.741 1.424 6611. 1 .... 1.8dl 

'"·· 2.761 1.424 lilill. 2. 7J8 IJ. 47, 
iiH. 2.711 •. 424 &liN . 2. 737 11.4~J 
II H. 2. 74. 1.421 i4U. 2. 7211 1.422 
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TABLE 1-6 500' INTERVAL VELOCITY RATIOS 

Values Of 0.00 Indicate No Data 

(""';~' 

DEPTH P/SHr SHr POISSOH DEPTH P/SHt. SHt. POISSON 

•• ..... 8.111 .. •• ..111M 8.1111118 
..... •• ..... III.IIIH Ill. . .... 111.111 .. 

11)76. 1.986 111.126 Ill. 111.1111118 lll.ltH 
lM8. 1.1168 Ill. 324 e. ··- IJ.iJIIIIII 
28U. I .92111 e. l14 "· lt.IIIOIIIII "'·"'" .. e.- Ill , •• Ill. III.IIIH 0.011111 

•• ...... e.eee Ill. lll.llllllit " .. ,,., 
•• ..... e.IIIH e. • ... Ill e.eee 
•• ..... III.IJH .. e.e•e ...... 
•• ..... •.• 88 8. 8.111 .. 8.11ell 

•• 111.111 .. ··- "· III.H8 .. ..... .. ..... lll.itH Ill • .... 8 lt.it88 .. 111.111 .. 111.111118 8 . lll.llllilit 8 .••• 

•• 8.eee 8.111H 8. 8.1111118 III.IIIH 

•• 8.81118 8 .... •• ..111M 8.111111111 
8. 8 .... Ill .... 8. e.8H e.IIIH 

2168. 1. 788 111.172 lt. 8 .... Ill .... 

•• 8 .... ..... 8. 8.11188 ii.IIIH 

•• e.eee e.eee 8. . .... III.He 

•• ..... 111.11188 .. 11.1111118 lt.HIII 
8. ..... 8.111H 8. e.IIIH ...... 

21171. 1. 734 8.261 •• 8.81118 ii.IIIM ..... 1.768 8.288 •• 8.8 .. • .• 88 

•• 8 .... 8 .... 8. 8 .... 8.11188 
8. 8 .... ..... 8. 8.1111118 8.111H 

1871. 1. 774 8.2117 8. 8.81118 111.1111118 ...... 1. 738 e.2U 8. 8 .... e.H8 

•• ..... 8.81118 •• . .... • .... it 
8. ..... . .... •• . .... 8.eee 
8. 8 .... 8 .... 8. 8 .... Ill .... 
8. 8 .... 8 .... .. . .... . .... 
•• ..... 8 .... Ill. . .... Ill .... 
8. 8 ..... 8 .... 8. . .... III.IIIH 
8. 8.111H 8 .... 8. . .... 111.1111118 
8. 8 .... . .... 8. . .... lll.tiiH 

1158. I .887 e.:ne .. .. .... it.ddit ..... 1.711111 8 736 .. ..... . ..... 
8. ..... . .... 8. . .... 8 .... 

l8M. 1.M8 8.216 42H. . .... 8.-
1876. 1.1147 8.281 4268. 8 .... """ 8. 8 .... . .... •• . .... d.d88 
48U. 1.821 8.191 4168. . .... ··-4858. l.l:ll 8.1114 4176. 8.8 .. 8.11UII 
4876. 1.141 8.284 4468. .... 8 8.dlllit 
41H. 1 .1111 8. 11l1 461118. ..... Ill .... 
4168. 1.681 111.112 46i8. . .... 8 .... 
44H. 1.611 . 8.172 441118. 1.7M 111.211 
4425. 1.122 8. 1\ll 4468. 1.U4 8.282 
46N. 1.147 8.288 461118. 1.411 11.1•:.1 
4668. 1.447 8.71\l 4668. I .IIlii "· 2>12 
4675. 1 .114\l •. 2811 41076. 1.696 Ill. 1711 ...... I .81)7 11.234 4458. l.lllll 8.282 

8. 8 .... 8.iHII8 •• ..INti ··-4768. 1.147 "· 2•8 416e. 1.688 Ill. 172 
4IN. 1.11117 8.234 .. .... 1.8Ja 111.21112 
4168. 1.127 8.248 4168. 1.8H Ill. 11iJ 

II. ..... 8 .... Ill. 8.1111118 lt.IIJH 
4\lf •• 1. 727 11.248 "· . .... ..... 
6111118. 1.8117 Ill. 2J4 6H8. 1.618 l.ldl ,., .. 1. 127 111.248 686111. 1.6711 IIJ.llll 
UN. 1.768 8.261 61N. 1.864 111.21l 
llil&e. 1.727 8.241 u&e. 1.1147 8.219 
6176. 1.138 11.248 lli176. 1.841) 111.21119 
6268. 1. 161 •. 281 I. ..... 8.11 .. 
UN. 1. 761 8. 281 UN. 1. 727 11.248 
n1e. 1 .187 8.234 sue. 1.718 111.272 

..,,._ 6176. 1.184 8.:zu uu. 1.722 8.248 
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Figure 1-1 Interval Poisson's Ratio Calculated From SH, Data With 500' Interval Spacing. 
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APPENDIX 2 

PARTICLE MOTION HODOGRAPHS 

The hodographs in this appendix are listed by level number instead of depth. The following 

tables cross-reference level number and depth for the various data sets. Table 3-1 is for all the far-

offset data. while table 3-2 is for the near-offset P and SH, source data and table 3-3 is for the near-

offset SH, source data. 

Table 2-1 Table 2-1 

Far-Offset Data, All Sources Far-Offset Data. All Sources 

Level Depth. Level Dej!th 

1 1500 29 3925 
2 1900 30 4000 
3 1975 31 4075 
4 2050 32 4150 

5 2125 33 4225 
6 2200 34. 4300 
7 2275 35 4375 

8 2350 36 4450 
9 2425 37 4525 
10 2500 38 4600 

11 2575 39 4675 

12 2650 40 4750 

13 2125 41 4825 

14 2800 42 4900 

15 2875 43 4975 

16 2950 44 5050 

17 3025 45 5125 

18 3100 46 5200 

19 3175 47 5275 

20 3250 48 5350 

21 3325 49 5425 

22 3400 50 5500 
... 23 3475 . 51 5575 

24 3550 52 5650 

25 3625 

26 3700 

27 3775 

28 3850 
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· Table 2-2 Tilble 2-2 

Near-Offset P and SH, Data Near-Offset P and SH, Data 

Level Depth Level Depth 

1 500 41 3850 
2 1000 42 3900 
3 1500 43 3950 
4 2000 44 4000 
5 2050 45 4050 
6 2100 46 4100 
7 2150 47 4150 
8 2200 48 4200 
9 2250 49 4250 
10 2300 50 4300 
11 2350 51 4350 
12 2400 52 4400 
13 2450 53 4450 
14 2500 54 4500 
15 2550 55 4550 
16 2600 56 4600 
17 2650 57 4650 
18 2700 58 4700 
19 2750 59 4750 
20 2800 60 4800 
21 2850 61 4850 
22 2900 62 4900 
23 2950 63 4950 
24 3000 64 5000 
25 3050 65 5050 
26 .3100 66 5100 
27 3150 67 5150 
28 3200 68 5200 
29 3250 69 5250 
30 3300 70 5300 
31 3350 71 5350 
32 3400 72 5400 
33 3450 73 5450 
34 3500 74 5500 
35 3550 75 5550 
36 3600 76 5600 
37 3650 77 5650 
38 3700 
39 3750 
40 3800 
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· Table i-3 Table 2-3 

Near-Offset SH r Data Near-Offset SH, Data 

Level Depth Level Depth 

1 3050 41 5050 
i 3100 42 5100 
3 3150 43 5150 
4 3200 44 5200 
5 3250 45 5250 
6 3300 46 5300 
7 3350 47 5350 
8 3400 48 5400 
9 3450 49 5450 
10 3500 50 5500 
11 3550 51 5550 
12 3600 52 5600 
13 3650 53 5650 
14 3700 
15 3750 
16 3800 
17 3850 
18 3900 
19 3950 
20 4000 
21 4050 
22 4100 
23 4150 
24 4200 
25 4250 
26 4300 
27 4350 
28 4400 
29 4450 
30 4500 
31 4550 
32 4600 
33 4650 
34 4700 
35 4750 
36 4800 
37 4850 
38 4900 
39 4950 
40 5000 



140 

FAR OFFSET P-WAVE SOURCE 

PARTICLE MOTION AT LEVEL PARTICLE MOTION AT LEVEL 4 

PARTICLE MOTION AT LEVEL 2 PARTICLE MOTION AT LEVEL S 

PARTICLE MOTION AT LEVEL 3 PARTICLE MOTION AT LEVEL 6 
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FAR OFFSET P-WAVE SOURCE 

PARTICLE MOTION AT LEVEL 7 PARTICLE MOTION AT LEVEL 10 

PARTICLE MOTION AT LEVEL 8 PARTICLE MOTION AT LEVEL 11 

PARTICLE MOTION AT LEVEL 9 PARTICLE MOTION AT LEVEL 12 

.•. 
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FAR OFFSET P-WAVE SOURCE 

,PARTICLE MOTION AT LEVEL 13 PARTICLE MOTION AT LEVEL 16 

PARTICLE MOTION AT LEVEL 14 PARTICLE MOTION AT LEVEL 17 

PARTICLE MOTION AT LEVEL IS PARTICLE MOTION AT LEVEL 18 
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FAR OFFSET P-WAVE SOURCE 

PARTICLE MOTION AT LEVEL 19 PARTICLE MOTION AT LEVEL 22 

PARTICLE MOTION AT LEVEL 20 PARTICLE MOTION AT LEVEL 23 

PARTICLE MOTION AT LEVEL 21 PARTICLE MOTION AT LEVEL 2~ 

... 
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FAR OFFSET P-WAVE SOURCE 

PARTICLE MOTION AT LEVEL 25 PARTICLE MOTION AT LEVEL 28 

PARTICLE MOTION AT LEVEL 26 PARTICLE MOTION AT LEVEL 29 

PARTICLE MOTION RT LEVEL 27 PARTICLE MOTION AT LEVEL 30 

.. 
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FAR OFFSET P-WAVE SOURCE 

PARTICLE MOTION AT LEVEL 31 PARTICLE MOTION AT LEVEL 34 

PARTICLE MOTION AT LEVEL 32 PARTICLE MOTION AT LEVEL 35 

PARTICLE MOTION AT LEVEL 33 PARTICLE MOTION AT LEVEL 36 
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FAR OFFSET P-WAVE SOURCE 

PARTICLE MOTION AT LEVEL 37 PARTICLE MOTION AT LEVEL iO 

PARTICLE MOTION AT LEVEL 38 PARTICLE MOTION AT LEVEL il 

PARTICLE MOTION RT LEVEL 39 PARTICLE MOTION AT LEVEL i2 
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FAA OFFSET P-WAVE SOURCE 

PARTICLE MOTION AT LEVEL 43 PARTICLE MOTION AT LEVEL 46 

PARTICLE MOTION AT LEVEL 44 PARTICLE MOTION AT LEVEL 47 

PARTICLE MOTION AT LEVEL 45 PARTICLE MOTION AT LEVEL 18 
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FAR OFFSET P-WAVE SOURCE ~ 

PARTICLE MOTION AT LEVEL 49 PARTICLE MOTION AT LEVEL 52 

PARTICLE MOTION AT LEVEL 50 PARTICLE MOTION AT LEVEL 53 

PARTICLE MOTION AT LEVEL 51 PARTICLE MOTION AT LEVEL 51 
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FAR OFFSET SV SOURCE 

PARTICLE MOTION AT LEVEL PARTICLE MOTION AT LEVEL i 

PARTICLE MOTION AT LEVEL 2 PARTICLE MOTION AT LEVEL 5 

PARTICLE MOTION AT LEVEL 3 PARTICLE MOTION AT LEVEL 6 
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FAR OFFSET SV SOURCE 

PARTICLE MOTION AT LEVEL 7 PARTICLE MOTION AT LEVEL 10 

PARTICLE MOTION AT LEVEL 8 PARTICLE MOTION AT LEVEL 11 

PARTICLE MOTION AT LEVEL 9 PARTICLE MOTION AT LEVEL 12 
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FAA OFFSET SV SOURCE 

PARTICLE MOTION AT LEVEL 13 PARTICLE MOTION.AT LEVEL 16 

PARTICLE MOTION AT LEVEL 14 PARTICLE MOTION AT LEVEL 17 

PARTICLE MOTION AT LEVEL 15 PARTICLE MOTION AT LEVEL 18 
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FAR OFFSET SV SOURCE 

PARTICLE MOTION AT LEVEL 19 PARTICLE MOTION AT LEVEL 22 

PARTICLE MOTION AT LEVEL 20 PARTICLE MOTION AT LEVEL 23 

PARTICLE MOTION AT LEVEL 21 PARTICLE MOTION AT LEVEL 2i 
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FAA OFFSET SV SOURCE 

PARTICLE MOTION AT LEVEL 25 PARTICLE MOTION AT LEVEL 28 

PARTICLE MOTION AT LEVEL 26 PARTICLE MOTiON AT LEVEL 29 

PARTICLE ~OTION AT LEVEL 27 PARTICLE MOTION AT LEVEL 30 
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FAA OFFSET SV SOURCE 

PARTICLE MOTION AT LEVEL 31 PARTICLE MOTION AT LEVEL 34 

PARTICLE MOTION AT LEVEL 32 PARtiCLE MOTION AT LEVEL 35 

PARTICLE MOTION AT LEVEL 33 PARTICLE MOTION AT LEVEL 36 



FAR OFFSET SV SOURCE 

PARTICLE MOTION AT LEVEL 37 

PARTICLE MOTION AT LEVEL 38 

PARTICLE MOTION AT LEVEL 39 

PARTICLE MOTION AT LEVEL 40 

0 

~ 

·o 

PARTICLE MOTION AT LEVEL 42 

154 
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FAR OFFSET SV SOURCE 

PARTICLE MOTION AT LEVEL 43 PARTICLE MOTION AT LEVEL 46 

PARTICLE MOTION AT LEVEL 44 PARTICLE MOTION AT LEVEL 47 

PARTICLE MOTION AT LEVEL 45 PARTICLE MOTION AT LEVEL 48 -
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FAR OFFSET SV SOURCE 

PARTICLE MOTION AT LEVEL 49 

PARTICLE MOTION AT LEVEL SO 
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FAR OFFSET SHt SOURCE 

PARTlCLE MOTION AT LEVEL PARTlCLE MOTION AT LEVEL 4 

PARTlCLE MOTION AT LEVEL 2 PARTICLE MOTION AT LEVEL S 

PARTICLE MOTION AT LEVEL 3 PARTICLE MOTION AT LEVEL 6 
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FAR OFF$ET SHt SOURCE 

PARTICLE MOTION AT LEVEL 7 PARTICLE MOTION AT LEVEL 10 

PARTICLE MOTION AT LEVEL B PARTICLE MOTION AT LEVEL II 

PARTICLE MOTION AT LEVEL 9 PARTICLE MOTION AT LEVEL 12 

·o 
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FAR OFFSET SHt SOURCE 

PARTICLE MOTION AT LEVEL 13 PARTICLE MOTION AT LEVEL 16 

P~RTICLE MOTION AT LEVEL 14 PARTICLE MOTION AT LEVEL 17 

PARTICLE MOTION AT LEVEL IS PARTICLE MOTION AT LEVEL 18 



FAR OFFSET SHt SOURCE 

PARTICLE MOTION AT LEVEL 19 

PARTICLE MOTION AT LEVEL 20 

,. 
·o 

PARTICLE MOTION AT LEVEL 21 

PARTICLE MOTION AT LEVEL 22 

PARTICLE MOTION AT LEVEL 23 

,. 
·o 

PARTICLE MOTION AT LEVEL 21 

,. 
·o 

160 



FAR OFFSET SHt SOURCE 

PARTICLE MOTION AT LEVEL 25 

PARTICLt MOTION AT LEVEL 26 

/ 
·o 

PARTICLE MOTION AT LEVEL 27 

PARTICLE MOTION AT LEVEL 28 

PARTICLE MOTION AT LEVEL 29 

PARTICLE MOTION ~T LEVEL 30 

161 



FAR OFFSET SHt SOURCE 

PARTICLE MOTION AT LEVEL 31 

PARTICLE MOTION AT LEVEL 32 

~ 

·o 

PARTICLE MOTION AT LEVEL 33 

PARTICLE MOTION AT LEVEL ~4 

PARTICLE MOTION AT LEVEL 35 

~ ·o 

PARTICLE MOTION AT.LEVEL 36 

162 
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FAR OFFSET SHt SOURCE 

PARTICLE MOTION AT LEVEL 37 PARTICLE MOTION AT LEVEL 40 

PARTICLE MOTION AT LEVEL 38 PARTICLE MOTION AT LEVEL 41 

PARTICLE MOTION AT LEVEL 39 PARTICLE MOTION AT LEVEL i2 



FAA OFFSET SHt SOURCE 

PARTICLE MOTION AT LEVEL 43 

PARTICLE MOTION AT LEVEL 44 

PARTICLE MOTION AT LEVEL 45 

PARTICLE MOTION AT LEVEL 46 

PARTICLE MOTION AT LEVEL 47 

"" ·o 
PARTICLE MOTION AT LEVEL 48 

164 -
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FAR OFFSET SHt SOURCE 

PARTICLE MOTION AT LEVEL 49 PARTICLE MOTION AT LEVEL 52 

• 

PARTICLE MOTION AT LEVEL 50 

PARTICLE MOTION AT LEVEL 51 
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NEAR OFFSET P-WAVE SOURCE 

PARTICLE MOTION AT LEVEL PARTICLE MOTION AT LEVEL 4 

PARTICLE MOTION AT LEVEL 2 PARTICLE MOTION AT LEVEL 5 

PARTICLE MOTION AT LEVEL 3 PARTICLE MOTION AT LEVEL 6 
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NEAR OFFSET P-WAVE SOURCE 

PARTICLE MOTION AT LEVEL 7 PARTICLE MOTION AT LEVEL 10 

.. 

PARTICLE MOTION AT LEVEL 8 PARTICLE MOTION AT LEVEL II 

PARTICLE MOTION AT LEVEL 9 PARTICLE MOTION AT LEVEL 12 
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NEAR OFFSET P-WAVE SOURCE 

PARTICLE NOTION AT LEVEL 13 PARTICLE MOTION AT LEVEL 16 
••' 

PARTICLE NOTION AT LEVEL 14 PARTICLE NOTION AT LEVEL 17 

PARTICLE NOTION AT LEVEL 15 PARTICLE NOTION AT LEVEL 18 



.. 

169 

NEAR OFFSET P-WAVE SOURCE I 
PARTICLE MOTION AT LEVEL 19 PARTICLE MOTION AT LEVEL 22 I 

PARTICLE MOTION AT LEVEL 20 

PARTICLE_MOTION AT LEVEL 21 

PARTICLE MOTION AT LEVEL 23 

/ 
·o 

PARTICLE MOTION AT LEVEL 24 
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NEAR OFFSET P-WAVE SOURCE 

PARTICLE MOTION AT LEVEL 25 PARTICLE MOTION AT LEVEL 28 

PARTICLE MOTION AT LEVEL 26 PARTICLE MOTION AT LEVEL 29 

PARTICLE MOTION AT LEVEL 27 PARTICLE MOTION AT LEVEL 30 



NEAR OFFSET P-WAVE SOURCE 

PARTICLE MOTION AT LEVEL 31 

PARTICLE MOTION AT LEVEL 32 

./ 
·o 

PARTICLE MOTION.AT LEVEL 33 

PARTICLE MOTION AT LEVEL 

PARTICLE NOTION AT ~EVEL 35 

PARTICLE MOTION AT LEVEL 36 

171 



NEAR OFFSET P-WAVE SOURCE 

PARTICLE MOTION AT LEVEL 37 

PARTICLE MOTION AT LEVEL 38 

/ 
·o 

PARTICLE MOTION AT LEVEL 39 

PARTICLE MOTION AT LEVEL 40 

PARTICLE MOTION AT LEVEL 41 

PARTICLE MOTION AT LEVEL 42 

172 



NEAR OFFSET P-WAVE SOURCE 

PARTICLE MOTION AT LEVEL 43 

PARTICLE MOTION AT LEVEL 44 

PARTICLE MOTION AT LEVEL 45 

PARTICLE MOTION AT LEVEL 46 

,.. 
·o 

PARTICLE MOTION AT LEVEL 47 

PARTICLE MOTION AT LEVEL 48 

173 



174 

NEAR OFFSET P-WAVE SOURCE 

PARTICLE MOTION AT LEVEL 49 PARTICLE MOTION AT LEVEL 52 

PARTICLE MOTION AT LEVEL 50 PARTICLE MOTION AT LEVEL 53 

PARTICLE .MOTION AT LEVEL 51 PARTICLE MOTION AT LEVEL 54 
0 

·~ 



175 

NEAR OFFSET P-WAVE SOURCE 

PARTICLE MOTION AT LEVEL 55 PARTICLE MOTION AT LEVEL 58 

.. 

PARTICLE MOTION AT LEVEL 56 PARTICLE MOTION AT LEVEL 59 

PARTICLE MOTION AT LEVEL 57 PARTICLE MOTION AT LEVEL 60 



176 

NEAR OFFSET P-WAVE SOURCE 

PARTICLE MOTION AT LEVEL 61 PARTICLE MOTION AT LEVEL 64 

PARTICLE MOTION AT LEVEL 62 PARTICLE MOTION AT LEVEL 65 

PARTICLE MOTION AT LEVEL 63 PARTICLE MOTION AT LEVEL 66 



NEAR OFFSET P-WAVE SOURCE 

PARTICLE MOTION AT LEVEL 67 

PARTICLE MOTION AT LEVEL 68 

., 
·o 

PARTICLE MOTION AT LEVEL 69 

PARTICLE MOTION AT LEVEL 70 

PARTICLE MOTION AT LEVEL 71 

., 
·o 

PARTICLE MOTION AT LEVEL 72 

177 



178 

NEAR OFFSET P-WAVE SOURCE-

PARTICLE MOTION AT LEVEL 73 PARTICLE MOTION AT LEVEL 76 

PARTICLE MOTION AT LEVEL 74 PARTICLE MOTION AT LEVEL 77 

PARTICLE MOTION AT LEVEL 75 



179 

NEAR OFFSET SHt SOURCE 

PARTICLE MOTION AT LEVEL PARTICLE MOTION AT LEVEL 4 

PARTICLE MOTION AT LEVEL 2 PARTICLE MOTION AT LEVEL 5 

PARTICLE MOTION AT LEVEL 3 PARTICLE MOTION AT LEVEL 6 



180 

NEAR OFFSET SHt SOURCE 

PARTICLE MOTION AT LEVEL 7 PARTICLE MOTION AT LEVEL 10 

PARTICLE MOTION AT LEVEL 8 PARTICLE MOTION AT LEVEL 11 

PARTICLE MOTION AT LEVEL 9 PARTICLE MOTION AT LEVEL 12 
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NEAR OFFSET SHt SOURCE 

PARTICLE MOTION AT LEVEL 13 PARTICLE MOTION AT LEVEL 16 

PARTICLE MOTION AT LEVEL 14 PARTICLE MOTION AT LEVEL 17 

PARTICLE MOTION. AT LEVEL 15 PARTICLE MOTION AT LEVEL 18 
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NEAR OFFSET SHt SOURCE 

PARTICLE MOTION AT LEVEL 43 PARTICLE MOTION AT LEVEL 46 

PARTICLE MOTION AT LEVEL 44 PARTICLE MOTION AT LEVEL 47 

PARTICLE MOTION AT LEVEL 45 PARTICLE MOT10N AT LEVEL 48 



183 

NEAR OFFSET SHt SOURCE 

PARTICLE MOTION AT LEVEL 49 PARTICLE MOTION AT LEVEL 52 

PARTICLE MOTION AT LEVEL SO PARTICLE MOTION AT LEVEL 53 

PARTICLE MOTION AT LEVEL 51 PARTICLE MOTION AT LEVEL 51 

.. 



184 

NEAR OFFSET Srft SOURCE 

PARTICLE MOTION AT LEVEL 55 PARTICLE MOTION AT LEVEL 58 

... 

PARTICLE MOTION AT LEVEL 56 PARTICLE MOTION AT LEVEL 59 

PARTICLE MOTION AT LEVEL 57 PARTICLE MOTION AT LEVEL 60 



185 

NEAR OFFSET S~ SOURCE 

PARTICLE MOTION AT LEVEL 61 PARTICLE MOTION AT LEVEL 64 

PARTICLE MOTION AT LEVEL 62 PARTICLE MOTION AT LEVEL 65 

PARTICLE MOTION AT LEVEL 63 PARTICLE MOTION AT LEVEL 66 



186 

NEAR OFFSET S~ SOURCE 

PARTICLE MOTION AT LEVEL 67 PARTICLE MOTION AT L[VEL 70 

PARTICLE MOTION AT LEVEL 68 PARTICLE MOTION AT LEVEL 71 

PARTICLE MOTION AT LEVEL 69 PARTICLE MOTION AT LEVEL 72 



187 

NEAR OFFSET SHt SOURCE 

PARTICLE MOTION AT LEVEL 73 PARTICLE MOTION AT LEVEL 76 

PARTICLE MOTION AT LEVEL 74 PARTICLE MOTION AT LEVEL 77 

PARTICLE MOTION AT LEVEL 75 



· NEAR OFFSET SHr SOURCE 

PARTICLE MOTION AT LEVEL 25 

PARTICLE MOTION AT LEVEL 26 

;' 

·o 

PARTICLE MOTION AT LEVEL 27 

PARTICLE MOTION AT LEVEL 28 

PARTICLE MOTION AT LEVEL 29 

PARTICLE MOTION AT LEVEL 30 

188 



• 

NEAR OFFSET SHr SOURCE 

PARTICLE MOTION AT LEVEL 31 

PARTICLE MOTION AT LEVEL 32 

PARTICLE MOTION AT LEVEL 33 

PARTICLE MOTION AT LEVEL 34 

PARTICLE MOTION AT LEVEL 35 

.;' 

·o 

PARTICLE MOTION AT LEVEL 36 

189 

I . 
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NEAR OFFSET SHr SOURCE 

PARTICLE MOTION AT LEVEL 37 PARTICLE MOTION AT LEVEL 40 

PARTICLE MOTION ·AT LEVEL 38 PARTICLE MOTION AT LEVEL 41 

PARTICLE MOTION AT LEVEL 39 PARTICLE MOTION AT LEVEL 42 
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NEAR OFFSET SHr SOURCE 

PART1CLE MOTION AT LEVEL i3 PARTICLE MOTION AT LEVEL 46 

PART1CLE MOTION AT LEVEL 1i PARTICLE MOTION AT LEVEL 47 

PART1CLE MOTION AT LEVEL iS PARTICLE MOTION AT LEVEL 48 

• 
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NEAR. OFFSET SHr SOURCE 

PARTICLE MOTION AT LEVEL 49 PARTICLE MOTION AT LEVEL 52 

PARTICLE MOTION AT LEVEL SO PARTICLE MOTION AT LEVEL 53 

PARTICLE MOTION AT LEVEL 51 

• 



193 

APPENDIX 3 

POLARIZATION DIRECTION •• DATA AND PLOTS 

The data in this appendix are listed by level number instead of depth. The following table 

cross-references level number and depth for the far-offset shear sources used in the polarization 

analysis. 

Table 3-1 Table 3-1 

Far-Offset Data Far-Offset Data 

Level Depth Level Depth 
1 1500 30 4000 
2 1900 31 4075 
3 1975 32 4150 
4 2050 33 4225 
5 2125 34 4300 
6 2200 35 4375 
7 2275 36 4450 
8 2350 37 4525 
9 2425 38 4600 
10 2500 39 4675 
11 2575 40 4750 
12 2650 41 4825 
13 2725 42 4900 
14 2800 43 4975 
15 2875 44 5050 
16 2950 45 5125 
17 3025 46 5200 
18 3100 47 5275 
19 3175 48 5350 
20 3250 49 5425 
21 3325 50 5500 .. 22 3400 51 5515 
23 3475 52 5650 
24 3550 
25 3625 
26 3700 
27 3775 
28 3850 
29 3925 
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FAR OFFSET s.Ht SOURCE 

LEVEL WINDOW PHI THETA F 

1 1 84.272 77.929 8.988 
1 2 84,734 77.979 8.979 " 1 3 84.782 78.376 0.988 
1 4 e.t.511 79.982 8.979 
1 6 84.728 84.288 8.970 
1 8 87.483 89.875 ". 989 
1 7 89.248 -98.142 0.983 
1 8 89.888 -92.833 8.992 
1 9 89.883 87.298 8.984 
1 18 88.837 -92.389 8.968 
1 11 84.982 -91.568 8.966 
1 12 88.181 -98.882 8.984 
1 13 89.446 98.468 8.929 
1 14 85.685 91.898 8.787 
1 15 88.348 92.183 8.663 
1 18 82.881 -88.786 8.498 
1 17 87.289 -87.381 8.585 

2 1 83.887 -182.49e 8.974 
2 2 83.417 -183.269 8.984 
2 3 83.389 -183.292 8. 998 
2 4 83.148 -183.113 8.994 
2 5 82.885 -183.118 8.99& 
2 8 82.894 -183.38& 8.994 
2 7 82.822 -183.178 8.993 
2 8 83.493 -188.958 8.998 
2 9 84.688 -97.185 8.998 
2 18 8& .818 -96.815 8.99& 
2 11 84.878 -9e.848 8. 99e 
2 12 83.881 -98.262 8.992 
2 13 82.825 -99.898 8.988 
2 14 82.837 -99.381 8.979 
2 15 81.978 -99.489 8.974 
2 18 82.858 -1N.214 8.978 
2 17 82.814 -181.668 8.984 
2 18 83.898 -182.793 8.968 
2 19 87.638 -182.889 8.931 
2 28 88.968 78.848 8.948 
2 21' 88.15& 78.811 0.988 

3 1 84.444 -98.847 0.994 
3 2 84.842 -97.018 8.988 
3 3 84.6<11 -9&. 719 8.982 
3 4 84,528 -95.188 8.975 
3 6 84.999 -94.98e 8.972 
3 8 88.11UJ -94.468 0. 974 
3 7 88.858 -93.483 8.981 • 
3 I 88.389 -92.478 8.987 
3 9 11.8.1 -91.728 8.998 
3 18 14.581 -91.289 8.989 
3 11 83.931 -91.1711 8.988 
3 12 84.14. -91.181 8.988 
3 13 84.871 -98.943 e. 977 
3 14 84.73& -98.747 8.975 
3 15 84.813 -91.487 8.978 
3 18 87.657 -94.368 8.961 
3 17 81.841 12.811 8.941 

4 1 87.888 88.997 8. 985. 
4 2 87.429 82.382 8.81J4 
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FAR OFFSET .sHt SOURCE 

LEVEL. WINDOW PHI THETA F 

4 3 87.633 81.589 8.889 
4 4 87.648 88.844 8.982 .. 4 6 87.486 81.638 0.924 
4 6 88.982 83.687 0.937 
4 7 8a.928 86.267 8.938 
4 8 87.611 86.044 8.939 
4 9 88.369 83.747 0.961 
4 10 87.96a 83.699 0.9a9 
4 11 88.7113 86.443 11.988 
4 12 86.673 87.349 0.983 
4 13 84.193 a7 .118 1.9a8 
4 14 88.119 82.a88 0.947 

6 1 83.888 7a.978 8.979 
& 2 84.117 77.142 8.979 
6 3 84.&44 77. 7a8 8.988 
6 4 84.711 78.482 11.9a1 
6 6 84.96a 7a.88a 11.9a8 
5 8 aa.H8 79.338 0.978 
6 7 a8.a42 79.613 8.988 
5 8 8V.84a -1118.739 8.9a5 
6 9 a8.633 -1118.546 e.979 
6 18 89.336 -99.867 e.974. 
6 11 89.891 79.444 8.97& 

a 1 72.963 78.a28 e.9&2 
a 2 . 72.396 78.876 8.947 
a 3 72.372 78.891 8.948 
a 4 73.861 77.971 8.926 
a 6 76.63a 77.283 e.886 
a a 82.162 78.32a 8.a21 
a 7 aa .-813 -1113.286 11.798 
a a 76.3H -UJ1. 284 flll.873 
a 9 78.722 -99.885 flll.966 
a 18 81.412 -1H.384 8.978 

7 1 58.883 134.888 8.928 
7 2 67.368 138.893 8.938 
7 3 5a.839 144.281 flll.a74 
7 4 64.744 149.848 "· 783 
7 6 61.884 15&.343 fill. 738 
7 a 46.781 161.667 "· 732 
7 7 38.332 171.18a 8.229 
7 a 83.4a8 29.331 8.42a 
7 9 a7 .186 29.4a6 flll.574 
7 Ut 68.786 33.813 8.53a 
7 11 38.868 66.88a 0.ea9 
7 12 37.437 71.748 e.818 

• 7· 13 39.982 88.844 e.a22 
7 14 41.828 88.117 e.884 
7 u 42.281 96.1188 flll.822 
7 18 43.178 98.171 8.881 
7 17 46.949 97.3a2 e.111 
7 11 64.481 99.44a 8.39& 

8 1 48.978 85. &54 8.a41 
8 2 58.217 aa.787 0.742 
8 3 a1.U8 89.132 e.a97 
8 4 &1.824 98.177 8.947 
8 5 &7. 337 91.777 8. 968 
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FAR OFFSET SHt SOURCE 

LEVEL WINDOW PHI THETA F 

8 s 56.212 93.388 8.938 
8 7 67.5-48 93.759 8.893 
8 8 68.111 93.899 8.865 
8 9 61.496 92.252 8.849 
8 18 58.26-4 91.655 8.886 

9 1 46.319 1-4-4.824 8.512 
9 2 53.182 18-4.925 8. 616 
9 3 66.159 91.426 8.685 
9 .. 58.612 88.496 11.71!11 
9 6 59.246 98.865 1!1.887 
9 s 68.238 92.875 1!1.961 
9 7 6-4.212 9-4.733 8.968 
9 8 51.356 96.5H 1!1.898 
9 9 52.-4&3 H.9H 8.789 
9 18 67.6-41 96.681 1!1. 712 
9 11 71.884 94 .us 1!1.598 
9 12 78.412 93.643 1!1.573 
9 13 68.521 92.889 1!1.621 
9 1-4 77.864 -187.975 8.385 
9 15 56.912 -116.125 8.813 

18 1 71.785 91.176 8.997 
18 2 72.744 98.329 8.998 
18 3 72.723 98.617 8.998 
18 4 11.685 99.181 8.993 
18 6 71.829 99.219 8.969 
18 s 77.411 96.623 8.914 
18 7 11.171 93.846 8.937 
18 8 88.737 93.911!1 8.968 
18 9 77.899 96.116 8.961 
18 18 71.588 H.211 8.931!1 
18 11 71.811 H.464 8.888 
11!1 12 78.829 98.868 1!1.879 
11!1 13 75.251 H.288 8. 877 
18 14 74.561 97.8-46 8.878 
18 16 71.738 99.987 1!1.829 
18 15 59.994 181.341 1!1. 719 
18 17 74.171 97.5-48 8.683 
18 11 71.79e 93.939 1!1.621 
18 18 73.811 96.188 8.599 

11 1 76.646 94.462 8.998 
11 2 74.638 96.9-46 8.996 
11 3 73.132 97.222 8.986 
11 4 72.934 97.362 8.962 
11 6 75.521 94.749 8.982 
11 I 11.532 91.869 1!1.197 
11 7 13.878 19.348 8.919 .. 
11 I 13.192 89.228 8.928 
11 8 11.591 81.758 8.812 
11 18 88.464 98.271 8.861 
11 11 88.273 9e.314 8. 788 
11 12 88.621 98.141 8. 724 ... 
11 13 79.557 98.788 8.578 
11 14 76.681 93.343 8. 692 
11 16 66.988 1N.298 8.478 
11 15 6-4.531 1111.779 8.388 
11 17 64.448 118.842 8.311 
11 11 68.421 88.898 8.487 



~. 

425 
450 
c 

1 =- I 0 / (& - eal) 
~an verse( i,J )-o.o 
do 450 i=l,n~l 

continue 

do 425 j=-l,D+I 
a.~nverse(i, j) - a.~nnrse(i, j) + 1 • al(i) • ea(j) 

continue 

500 C4ntlnue 
rnurn 
end 
eubrou,lne UllXramble (vect. aodu) 

real 04 vec~3).vtemp(3) 
lnt.eaer 04 aodu(3) 
do 100 i-1.3 

vtemp(indell(i)) ve~i) 
100 C4Mlnue 

e 

c 

100 

c 

c 

do 200 •-1.3 

recur a 
end 

net( i)-vtemp( i) 

l'unec.loa maac (net) 

real"t vect(3) 

temp - 00 
do 100 i-1.3 

C4n,lnue 
amac - lqlt(temp) 
re\ura 
end 
eubrou,lae docro.(t.r.w:el,tnace2.-p,cro.) 

cra.-G.O 
do 1000 .i-1.-p 

ere.-en.+ u.w:el( i) '\race2( i) 
1000 CQR,Inue 

re\a.IPD 
end 

253 

... calceigenvect 

unscramble 

xmag 

do cross 
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FAR OFFSET SHt SOURCE 

~~t LEVEL WINDOW PHI THETA F 

11 19 88.828 98.491 8.844 

12 1 78.734 97.889 8.994 
12 2 77.631 97.766 8.998 
12 3 78.3H 97.76o4 8.992 
12 4 77.286 97.376 1!1.989 
12 6 82.238 98.39o4 1!1.9o48 
12 8 88.621 96.196 1!1.962 
12 7 87.828 93.738 fiJ.983 
12 8 87.8H 91.816 1!1.98o4 
12 9 87.273 89.862 8.938 
12 u~ 87.918 88.982 8.876 
12 11 89.318 88.974 1!1.822 
12 12 89.839 -92.212 ". 794 
12 13 89.879 81.983 8.762 
12 1o4 88.448 .88.9o42 8.888 
12 16 81.o441 62.298 8.888 
12 18 79.881 47.768 8.883 

13 1 78.117 87.o432 8.9o42 
13 2 78.839 84.889 8.989 
13 3 74.461 88.819 8.974 
13 4 73.291 58.926 fiJ.982 
13 6 75.383 68.982 fiJ.929 
13 8 81.889 81.793 fiJ.928 
13 7 8&.838 81.887 8.931 
13 8 . 88.847 81.64& 8.949 
13 9 88.341 81.889 8.9o44 
13 18 87.o4e& 82.642 e.H3 
13 11 89.1J97 -118.633 e.824 
13 12 88.873 -118.812 e.781 
13 13 87.134 -117.758 e. 719 
13 14 88.452 -118. 2e& e.571 
13 15 47.887 72.618 e.ee3 
13 18 18.628 115.o483 .... 81 
13 17 37.138 93.887 8.368 

lo4 1 77.931 88.915 e.918 
1o4 2 73.984 85.2e4 8.918 
1o4 3 78.495 82.8e8 8.915 
1o4 .. 87.881 88.746 8.983 
1o4 6 88.9e2 79. 188 e.868 
1o4 8 73.334 88.895 8.7o49 
1o4 7 85.188 84.o498 8.768 
14 8 89.872 83. 8o49 8.836 
lo4 9 89.147 88.6o41 e.889 
14 18 88.283 78.7o48 8.83o4 
1o4 11 83.211 7o4 .1o43 e. 7o48 

'~ 14 12 12.918 73.854 e.8o43 
14 13 84.912 13. 51J4 8.889 
14 14 815.373 e?.ne 8.826 
14 11 13.621 8~ .449 8.8&1 

;,.. 14 18. 82.634 53.473 e.882 
14 17 14.188 61.e3o4 e.864 

15 1 88.711 -97.o428 e.998 
16 2 79.888 -97.495 e.988 
16 3 79.He -97.648 e.982 
16 4 77.853 -97.836 e.972 
16 5 77.132 -91.152 8.938 
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_·:FAR OFFSET SHt SOURCE 

LEVEL WINDOW PHI THETA F -· . 
16 8 83.187 -99.449 1.918 
16 7 88.819 -97.887 8.948 
16 8 86.133 -9&.828 e.967 
16 9 82.842 -94.783 e.962 

.,. 

16 18 79.6 .. 8 -94.174 e.938 
16 11 78.4 .. 9 -94.e7& 8.98& 
15 12 78.186 -94.888 8.894 
16 13 77.H3 -93.619 8.898 
16 1 .. 73.887 -92.5S.. 8.898 
16 16 88.949 -sn. 773 8.888 
16 18 87 .32 .. -92.3&3 8.886 
1& 17 78.997 -94.829 e.888 
16 18 73.8<44 -9 ... 819 8.913 

18 1 71.e&8 98 ... 83 8.982 
18 2 88.432 89.&19 8.916 
18 3 88.431 89.278 8.884 
18 4 84 ... 18 89.&14 8.824 
18 & 81.176 88.98& e.789 
18 8 &8.8&1 82.788 111.822 
18 7 84.&66 87.H8 8.481 
18 8 72.9 .. 1 8&.931 8.69& 
18 9 89 ... 88 73.736 e. 787 
18 18 83.&92 88.884 8. 7 .. 8 
18 11 61.324 84.931 8.74& 
18 12 64.387 89.181 8.721 
18 13 &1. 771 92.718 8.883 
18 14 68.194 96.228 8.848 
18 16 49.184 97 .&13 8.823 
Ul 18 411.971 1H.388 8.&97 
18 17 49.91. 181.79& 1.647 
11 111 63.217. 97.693 8 ... 74 

17 1 72.4&3 83.744 8.971 
17 2 89.831 81.316 8.943 
17 3 81.111 7SJ.688 8.884 
17 4 88.364 79.858 e.812 
17 6 81.411 78.28& 8.767 
17 8 71.143 74.718 1.729 
17 7 72.673 88.e87 8. 718 
17 8 71.487 82.491 e.726 
17 9 81.249 82.184 8. 763 
17 18 84.781 84.884 8.797 
17 11 81.314 88.918 8.831 
17 12 68.157 87.718 e.a•• 
17 13 68.231 87.888 e.828 
17 14 67.2&1 87.428 e. 112 
17 15 88.U8 811.389 8.761 
17 18 84.891 89.982 1.737 '.~ 

17 17 89.128 78.848 8. 723 

111 1 72.224 75 .&31 e.9 .. 7 
18 2 78.8&3 73.188 e.928 _., 
11 3 78.989 73.268 8.872 
18 .. 73.883 7 ... 978 8.839 
11 & 78 .... 3 7&.299 8.844 
11 8 77. 7 .. 8 73.831 8.867 
18 7 78 ... 81 78.838 8.868 
11 • 73.183 87.843 8.862 
11 ' 71.1111 84.478 8 ..... 
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FAR OFFSET SHt SOURCE· 

LEVEL WINDOW PHI THETA F 

.... 
18 18 78.815 81.784 8.847 
18 11 89. 9tl1 88.288 8.849 
18 12 89.183 59.724 8.888 
18 '13 89.944 67.236 8.896 .. 18 14 73.183 62.868 8. 914 
18 1& 77.588 48.784 8.917 

19 1 89.873 91.458 8.984 
19 2 88.H4 88.98& 8.9&8 
19 3 88.128 86.463 8.948 
19 4 88.948 84.272 8.919 
19 6 77.423 79.973 8.985 
19 8 79.816 78.138 8.938 
19 7 78.844 79.889 8.948 
19 8 76.981 88.768 8.988 
19 9 78.328 81.748 8.818 
19 18 79.223 88.786 8.744 
19 11 88.834 79.898 8.74& 
u~ 12 78.686 81.879 8.734 
19 13 87.811 81.682 8.848 
19 14 63.83. 114.719 8.&81 

28 1 . 84.717 1H.211 1.988 
21 2 88.281 93.893 1.988 
28 3 88.322 9e.842 8.983 
28 4 86.271 91.234 1.962 
28 6 7-1.883 84.822 8.861 
28 8 79.238 7&.388 8.899 
28 7 78.188 78.298. 8.942 
28 8 71L2H 88.179 1.98& 
28 9 73.982 82.379 8.757 
28 18 78.822 78.838 8.686 
28 11 79.887 74.829 8.667 
28 12 78.429 76.196 1.688 
28 13 72.838 82.881 8.487 
28 14 68.388 123.322 •• 329 

21 1 88.718 99.799 8.981 
21 2 88.187 96.884 8.972 
21 3 86.481 91.886 8.963 
21 4 8&.1e4 91.612 8.947 
21 6 89.684 86.988 8.934 
21 8 72.881 77.824 8.981 
21 7 78.89e 77.83& 8.982 
21 a 88.684 79.774 8.982 
21 9 88.148 88.71!14 1!1.878 
21 18 89.918 78.138 8.784 
21 11 78.842 73.818 8.783 
21 12 89.992 73.978 8.783 

.. 21 u 87.94& 78.237 8.783 
21 14 8 ... HJ 81.784 8.448 

22 1 85.928 113.317 8.991 
22 2 88.193 UJ2 .893 8.994 
22 3 88.381 99.836 8.978 
22 .. 88.298 9&.741 8.941 
22 5 87.134 98.317 8.926 
22 8 88.739 98.888 8.946 
22 7 88.882 84.648 8.971 
22 I 88.19 .. 84.637 8.984 
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FAR OFFSET SHt SOURCE 

L.EVEL WINO OW PHI THETA F 

22 9 88.363 88.81118 111.988 
... 

22 18 88.318 86.897 8.898 
22 11 88.188 81.388 8.881 
22 12 88.278 88.728 111.876 
22 13 88.481 81.878 8.867 ~~ 

22 u 68.179 83.837 8.749 
22 16 88.775 86.881 8. 434 
22 18 72.378 4.883 8. 1-41 

23 1 74.878 188.237 8.998 
23 2 74.891 18& .871 8.994 
23 3 74.688 182.462 8.968 
23 4 74.3H 11118.448 111.888 
23 6 71.874 183.868 8.844 
23 8 87.366 96.477 111.986 
23 7 88.634 87.811 8.946 
23 8 87.414 88.682 8.982 
23 9 88.893 87.642 8.942 
23 18 88.838 84.148 8.887 
23 11 86.881 79.871 8.868 
23 12 88.386 79.936 8.887 
23 13 87.296 79.489 8.798 
23 14 87.481 7&.932 8.647 
23 u· 81.911 13.813 8.168 

24 1 82.761 112.883 8.911 
24 2 83.847 113 .8ee 8.977 
24 3 83.884 111.172 8.982 
24 4 86.228 181.218 8.921 
24 6 81.1ee 111.484 8.881 
24 8 61.862 119.248 8.783 
24 7 62.387 111.381 8.828 
24 8 64.183 98.44& 8.871 
24 9 6;.884 91.889 8.982 
24 18 82.828 92.679 8.918 
24 11 82.884 93.138 8.989 
24 12 81.89111 89.989 8.868 
24 13 81.847 87.243 8.888 
24 14 83.277 87.281 8.848 
24 16 88.788 9111.426 8.739 
24 18 72.281 188.713 8.496 
24 17 88.392 138.898 8.463 

26 1 89.282 189.192 11!1. 987 
26 2 78.eee 189.671 8.977 
26 3 71.148 188.613 8.978 
26 4 71.122 188.898 8.918 
25 6 81.812 11&.2&8 8.822 
25 8 &1.291 119.u• 8.873 
21. 7 &8.&89 11 •. 312 8.898 
21 • 83.173 182.273 8. 898 
26 9 88.148 1H.328 8.813 
25 18 78.832 181.847 8.888 
2& 11 89.271 99.184 8.848 

j 
26 12 89.182 96.134 8.839 
25 13 72.893 93.433 8.837 
26 14 77.895 9&.382 8. 784 
21 15 11.911 187.1198 8.571 

21 1 14.411 114.192 8.981 
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FAR OFFSET SHt SOURCE 

LEVEL WINDOW PHI THETA F 

26 2 65.945 114.332 8.978 
28 3 87.889 113.386 8. 9e9 
26 4 69.631 112.268 8.912 
28 6 68.838 113.633 8.774 
28 8 82.831 121.934 8.851 

19 28 7 57. 127 127.199 8. 789 
28 8 61.238 119.827 8.756 
28 9 69.817 118. 8o4 7 8. 778 
28 1" 7o4.812 1e8.s12 ". 776 
28 11 78.841 1e8.e26 ". 776 
26 12 76.369 1ee.161 e.889 
28 13 77.831 1e6.38o4 e.873 
28 14 79.861 1e4.891 8.923 
28 16 83.3o47 1815.714 8.911 
28 18 84.889 118.178 8.764 

27 1 88.438 118.183 . 8. 928 

}o 
27 2 82.354 114.692 8.947 
27 3 84.681 111.968 8.948 

I 27 4 87.887 118.745 8.928 
27 5 69.o468 11e. 818 8.874 
27 8 89.877 UJ9.288 8.738 
27 7 83.281 112.329 8.627 
27 8 68.891 126.764 8.612 
27 9 66.678 126.861 8.883 
27 18 89.949 112.214 8.689 
27 11 82.642 181.463 e.841 
27 12 87.984 98.198 11.887 
27 13 88.289 98.869 8.893 
27 14 87.481 97.218 8. 784 
27 16 88.312 93.849 11.888 
27 18 88.728 -87.1134 8.987 ]02 27 17 87.He -85.128 11.726 

28 1 54.248 118.689 8.881 l 28 2 68.878 118.828 8. 861 
28 3 83.479 187.238 8.885 

J D 28 4 88.388 184.617 8.668 
28 6 81.883 185.164 8.378 
28 8 34.887 133.388 11.274 
28 7 34.721 14o4.668 8.o421 
28 8 47.778 128.222 8.374 
28 9 88.189 U!J2.881 8.384 
28 18 88.193 -87.981 8.628 
28 11 84.634 -88.684 ·····] 28 12 88.896 -87.853 8.647 D 2 28 13 87.783 -;8.831 8.781 
28 14 87.468 -92.789 8.878 
21 16 88.468 -92.5311 8.868 
21 18 86.314 -92.825 8.498 

29 1 88.146 184.989 8.919 lo 29 2 84.884 99.387 8.828 

' 29 3 88.686 97.6o49 8.868 
29 4 68.354 183.3o42 8.417 I 

29 6 48.338 128.97 8.396 J 
29 8 38.875 126.H7 8.489 
29 1 48.282 1211.688 8.427 
29 8 82.472 18o4.468 8.217 
29 9 79.181 -93.872 11.348 
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----FAR OFFSET SHt SOURCE 

LEVEL WINDOW PHI THETA F 

29 18 76.843 -98.319 8.478 
l 29 11 78.813 -96.313 1.668 

29 12 79.917 -94.868 e. 112 jD 2 29 13 78.867 -94.342 8.873 
29 14 77.468 -94.668 IIJ.937 \!-

29 16 76.993 -96.898 IIJ.882 

38 1 68.228 182.189 8.914 

Jo 38 2 83.732 99.781 8.888 
38 3 88.186 99.286 9.888 
38 4 63.773 99.737 8.428 
39 6 31.777 182.488 8.442 
38 e 27.399 188.492 "· 614 38 7 27.877 116.981 IIJ.469 
38 8 14.837 134.612 ". 184 
38 9 43.889 -73.276 fJ.296 

Jo 38 18 61.337 -76.943 8.418 2 38 11 81.742 -76.848 fJ.488 
38 12 88.886 -76.637 fJ.839 
38 13 81.6H -79.416 IIJ.818 
38 14 88.886 -81.417 8.898 

31 1 86.19& 98.383 8. 781 ]D I 31 2 71.372 98.288 8.661 
31 3 52.112 182 .lUI 8.281 
31 4 23.332 129.883 8.383 
31 6 26.842 137.994 8.482 
31 e 28.317 148.888 8.448 
31 7 19.826 -177.448 8.389 
31 8 28.361 -127.718 8.473 
31 9 25.487 -123.182 8.628 
31 18 33.693 -122.823 ····· ] 31 11 48.981 -187.887 8.462 D 2 31 12 68.426 -97 .tee 8.822 
31 13 68.973 -97.332 8.721 

32 1 66.878 113.144 8.816 ] D 
32 2 86.379 UJ7 .968 8. 728 
32 3 77.412 182.733 9.486 
32 4 67.488 -88.888 8.849 
32 6 18.213 -186.3fJ4 IIJ.386 
32 8 12.841 171.816 9.378 
32 7 12.417 -166.434 8.341 
32 8 21.876 -97.814 IIJ.436 

]o2 
32 9 27.878 -84.833 9.676 
32 18 38.888 -81.998 IIJ.679 
32 11 39.228 -78.281 8.483 
32 12 67.618 -72.538 8.677 
32 13 81.878 -71.131 8.841 
32 14 81.2H -73.117 8.NI 

31 1 72.182 1t&.279 8.814 
33 2 13.3&& 181.412 IIJ.231 
33 3 16.828 -173.121 8.144 
33 4 14.712 164.986 8.278 
33 & 12.438 167.612 8.227 
33 a 24.148 -1H.877 1.266 
33 7 38.579 -82.828 ". ·471 
33 8 31.919 -88.174 8.633 
33 9 31.4&9 -&8.818 8.487 



203 

FAR OFFSET SHt SOURCE 

LEVEL WINDOW PHI THETA F 

33 111 58.718 -55.757 11.49& 
33 11 5&.38& -&&.&14 11.764 
33 12 54.981 -&3.9119 fiJ.919 .,. 33 13 5&.&12 -61.481 fiJ.914 

34 1 72.232 97.129 ". 698 
34 2 88.418 -93.486 fiJ.461 
34 3 86.217 -tee. 111 ". 387• 
34 4 49.178 -121.fiJ12 fiJ.342 
34 6 46.291 -127.263 fiJ.326 
34 8 48.262 -121.379 fiJ.373 
34 7 47.292 -117.498 8.684 
34 8 43.262 -118.41& 8.684 
34 9 48.487 -128.357 8.642 
34 111 46.812 -1111.987 11.38& 
34 11 78.474 -88.624 II. 6114 
34 12 71.141 -87.488 11.771 
34 13 87.181 -91.1128 11.898 

3& 1 811.381 -118.836 11.374 
3& 2 48.411 -132.841 11.398 
3& 3 41.986 -142.317 e.368 
36 4 46.U4 -138.888 8.348 
36 6 47.444 -131.838 11.488 
3& 5 44.388 -138.984 11.848 
3& 7 41.418 -146.749 e. 111 
36 8 48.727 -163.779 11.8&1 
3& I 48.876 -148.883 11.386 

38 1 8~1.471 -13.241 11.411 
38 2 63.M1 -1M.581 11.674 
38 3 47.811 -114.444 11.683 
38 4 48.112 -114.&79 11.668 
38 6 61.881 -188.988 11.888 
38 8 61.838 -1H.618 ". 713 
38 7 48.786 -1117.761 11.767 
38 8 46.162 -1119.441 8.7N 
38 9 48.1&1 -1H. 789 11.&28 

37 1 82.748 -111.138 11.662 
37 2 66.828 -121.338 11.68& 
37 3 63.183 -128.843 8.698 
37 4 62.986 -127.882 8.818 
37 & 63.114 -128.433 11.882 
37 8 &1.7118 -127.238 II. 743 
37 7 49.112 -129.897 II. 74& 

38 1 27.343 -147.773 11.431 
31 2 38.924 -137.333 11.631 
31 3 33.432 -141.674 11.811 
38 4 38.231 -147.282 e.e8t 
31 6 38.2N -168.836 11.7H 
38 8 38.918 -153.382 II. 731 
38 7 38.773 -168.fiJ19 "· 771 
38 8 38.327 -188.328 8.811 

39 1 41.483 -188.178 11.784 
3i 2 41.&41 -148.381 II. 739 
39 3 42.111 -141.463 8.778 
31 4 44.111 -148.497 8.822 



204 

·:FAR OFFSET SHt SOURCE 

LEVEL WINDOW PHI THETA F 

39 6 46. 8UJ -141.613 e.863 
39 8 48.938 -142.347 e. 877 
39 7 47.272 -143.198 e.988 
39 8 48.948 -144.988 e.915 
39 9 48.688 -147.998 8.913 
39 18 48.318 -151.771 e.892 

4e 1 37.521 -174.248 e.449 
48 2 46. 39 .. 15 ... 824 e.423 
4e 3 66.334 138.988 e.222 
4e 4 69.443 -128.584 e.338 
48 6 69.378 -138.484 e.823 
4e 8 67.833 -136.614 8.726 
48 7 68.636 -137.823 8.763 
4e 8 68.836 -137.836 8.766 
48 9 67.388 -13 ... 861 e. 788 
48 18 67.164 -1U. 719 8.786 
48 11 66.2&1 -137.886 8.738 

41 1 87.227 -98.168 8.169 
41 2 86.618 -87.837 8.438 
41 3 88.371 -94.438 8.691 
41 4 72.887 -184.&68 8.868 
41 6 83.847 -114.438 8.869 
41 8 67.698 -128.8H 8.867 
41 7 64.124 -123.632 8.868 
41 8 66.148 -124.261 8.871 
41 9 5&.448 -125.138 8.721 
41 18 &a.114 -128.822 8.744 

42 1 78.361 -128.941 8.392 
42 2 77.313 -128.472 8.838 
42 3 72.161 -127.992 8.786 
42 4 87.897 -133.88 .. 8.831 
42 6 83.687 -138.378 8.828 
42 8 83.299 -138.696 8. 818 
42 7 86.893 -136.642 8.823 
42 8 88.474 -136.288 8.868 
42 9 84.891 -138.281 8.888 

43 1 76.698 -8•. 748 8. 774 
43 2 73.983 -81.686 8.877 
43 3 78.139 -69.822 8.916 
43 4 87.613 -67.769 8.986 
43 6 87.418 -67.248 8.872 
43 8 88.494 ·-66. 382 8.888 
43 7 87.889 -62.266 8.884 
43 8 84.173 -41.916 8.867 

44 1 74.613 183.887 e. 749 
44 2 77.841 163.849 8.888 
44 3 82.738 144.816 8. 491 
44 4 87.813 -63.881 8.289 
44 6 74.686 -78.858 8.176 
44 e 88.787 -11.681 ". 184 
44 7 78.726 -78.387 ". 181 
44 8 78.887 -88.368 8.398 
44 9 78.836 -81.664 8.488 
44 18 71.811 -73.418 11.431 



205 

FAR OFFSET SHt SOURCE 

LEVEL WINDOW PHI THETA F 

46 1 82.526 -143.a42 e.&4e 
46 2 73.178 -138.298 e.5a8 
46 3 72.946 -132.e66 e.812 
46 4 78.1e6 -138 .1e9 e.864 

" 46 6 87.363 -138. an e.847 
46 8 66.721 -13a. 738 e.811 
46 7 8~.418 -138.196 e.799 
46 a 7l.e18 -134.988 e.83e 
46 9 8~.886 -136.783 e.848 
45 1e 87.36~ -137.397 e.824 

46 1 7&.4a8 173.749 e.427 
46 2 a7.47a -98.aa7 e.e91 
46 3 76.9~2 -1e1.377 e. 736 
46 4 71.e36 -183.4&3 e.au 
46 6 68.176 -187.e77 8.a23 
46 6 8~.824 -184.278 8. 714 
46 7 78.682 -UJtt.462 8.739 
46 8 68.78tt -186.866 8.776 

47 1 att.7~2 72.a73 8.623 
47 2 78.632 -122.468 8.676 
47 3 72.888 -128.646 •• 7&3 
47 4 78.112 -138. ~47 8.778 
47 6 72.122 -129.861 e. 112 
47 6 76.648 -126.119 8.a23 
47 1 71.53tt -121.273 8.868 
47 a 74.867 -121.161 8.871 

48 1 78.612 19.114 8.6M 
48 2 86.297 H.l18 8.742 
48 3 .81.281 -14.213 8.aee 
41 4 71.381 -i&.898 11.833 
48 6 74.724 -~5. 381 ll.a38 
48 6 76.46tt -~7.143 8.832 
.. 8 7 77.138 -UJ2 .4~6 11.84~ 
48 a 76.778 -1112.83 .. e.878 
.. a 9 73.2i6 -17.e66 e.us 
"a . 18 71 •••• -86.366 e.682 
48 11 76.121 -62.118 e.3M 

49 1 77.848 1e2.936 e. 728 
.. 9 2 a8.2a3 89.e73 e.813 
.. I 3 79.781 -91.9&3 e.594 
4~ 4 76.112 -1H.8e6 e.828 
49 6 74.261 -182.e41 8.886 
49 s 72.947 -1UJ.321 1.797 
49 7 78.173 -113.196 8.881 
41 • 68.148 -187.738 e.ne 
.. I I 71.138 -88.137 8.678 
49 1tt 8tt.362 -61.249 11.513 
49 11 83.117 -&&.166 1.781 
49 12 81.18tt -&4.83~ e.ees 
41 13 17.775 -63.1118 8.748 

58 1 86.a&& -47.166 8.938 
58 2 83.387 -46.188 8.938 
68 3. att.826 -43,888 8.927 
68 4 8tt.39i -44.137 1.917 
Itt 15 ltt.311 -44.488 1.922 



206 

FAR OFFSET SHt SOURCE 

I.EVEL WINDOW . PHI THETA F 

68 8 79.282 -44.233 8.878 • 
68 7 76.816 -44.334 8.794 
68 8 73.368 -42.881 8. 763 
68 9 88.144 -26.813 8. 718 
68 18 84.436 186.438 8. 838 
68 11 83.349 187.183 8. 874 

,. 
68 12 83.288 188.991 8. 877 
68 13 83 .83SJ 187.286 8.98SJ 

61 1 U.88SJ 123.368 8.738 
61 2 83.177 -6&.188 8.831 
61 3 78.374 -88.287 8.878 
61 4 76.398 -6&.688 8.891 
61 6 74.626 -67.818 8.989 
61 8 74.628 -67.668 8.932 
61 7 72.147 -69.948 8.944 
61 8 87.681 -81.4M 8.947 
61 9 83.868 -88.218 8.939 
61 18 81.316 -67.618 8. 913 
61 11 88.812 -66.231 8.886 

62 1 83.843 141.861 8.938 
62 2 88.244 137 .4M 8.947 
62 3 88.828 -43.628 8.946 
62 4 83.6&6 -41.882 8.943 
62 6 82.868 -38.767 8.948 
62 8 81.471 -41.686 8.89SJ 
62 7 78.184 -48.982 8.878 
62 8 75.826 -48.288 8.893 
62 9 76.873 -46.278 8.886 
62 18 77. 7&2 -48.891 8.835 
62 11 88.838 -31.112 8. 768 
&2 12 82.222 -39.844 8. 781 



207 

FAR OFFSET SH1 SOURCE 

LEVEL 1 LEVEL 4 

LEVEL 2· LEVEL 5 

LEVEL 3 LEVEL 6 
.. 



208 

FAR OFFSET SHt SOURCE 

LEVEL 7 LEVEL 10 

LEVEL 8 LEVEL 11 

LEVEL 9 LEVEL 12 



209 

FAR OFFSET SHt SOURCE 

LEVEL 13 LEVEL 16 

LEVEL 14 LEVEL 17 

LEVEL 15 LEVEL 18 



210 

FAR OFFSET SHt SOURCE 

LEVEL 19 LEVEL 22 

LEVEL 20 LEVEL 23 

LEVEL 21 LEVEL 24 
.. 



211 

FAR OFFSET SHt SOURCE 

LEVEL 25 LEVEL 28 

LEVEL 26 LEVEL 29 

LEVEL 27 LEVEL 30 



212 

FAR OFFSET SHt SOURCE 

LEVEL 31 LEVEL 34 

LEVEL 32 LEVEL 35 

LEVEL 33 LEVEL 36 
" 



213 

FAR OFFSET SHt SOURCE 

LEVEL 37 LEVEL 40 

LEVEL 38 LEVEL 41 

LEVEL 39 LEVEL 42 



214 

FAR OFFSET SHt SOURCE 

LEVEL 43 LEVEL 46 

LEVEL 44 LEVEL 47 

LEVEL 45 LEVEL 48 



215 

FAR OFFSET SHt SOURCE 

LEVEL 49 LEVEL 52 

LEVEL SO 

LEVEL 51 



216 

FAR OFFSET SV SOURCE 

LEVEL WINDOW PHI THETA F 

1 1 23.441 -88.311 8.737 
1 2 14.471 -67.226 e. 738 
1 3 12.48e -32.1524 e.725 
1 4 12.888 -28.491 e. 716 
1 5 12.368 -38.11188 e.755 .. 
1 8 11.889 -38.328 111.868 
1 7 13.013 -18.588 0.913 
1 8 1<4.887 -11.891 0.927 
1 9 15.873 -18.501 0.923 
1 UJ 16.307 -32.203 e.931 
1 11 18.809 -48.688 0.988 
1 12 115.669 -39.132 8.986 
1 13 18.411 -315.962 0.983 
1 14 16.763 -46.881 0.969 
1 16 115.184 -159.7415 8.962 
1 115 18.588 -86.482 8.989 
1 17 18.886 -83.889 8.941 
1 18 18.331 -715.493 e.894 

2 1 6. 714 152.379 8.1582 
2 2 15.948 83.843 e. 756 
2 3 6.938 88.8815 8.862 
2 4 4.384 58.899 8.989 
2 6 3.5158 58.813 "· 963 2 15 4.1152 58.398 e.983 
2 7 3.974 49.8e8 8.998 
2 8 2.172 -2.472 8.977 
2 9 4.621 -74.988 e.971 
2 1e 8.178 -88.962 8.988 
2 11 1e.768 -92.687 e.991 
2 12 11.1542 -92.119 e.998 
2 13 11. 6~8 -91.554 8.986 

3 1 4. 8'93 19.387 e.S18 
3 2 2.883 19.379 e. 784 
3 3 1.363 38.148 8. 816 
3 4 1.283 158.468 8.887 
3 6 1.988 76.262 8.936 
3 8 2.838 81.841 8.981 
3 7 2.381 99.433 "· 984 3 8 1.291 181.281 8.967 
3 9 2.883 -118.846 "· 963 3 18 8.138 -94.487 8.9&& 

4 1 5.861 184.891 e.85e 
4 2 3.128 117.797 e.921 
4 3 2.388 128.888 8. 983 
4 4 2.3e6 122. U511J 11.982 
4 s 1.822 163.989 11.988 
4 8 2.194 -138.811 ". 977 .. 
4 7 3.861 -li!J3.828 8.979 
4 8 6.842 -87 .en I!J.981 
4 9 7 .i89 -88.896 8.984 

s 1 13.241 -181.896 e. 768 
6 2 19.288 -158.647 8.861 
6 3 23.28& -144.181 8.924 
6 4 28.843 -138.5156 8.948 
6 6 29.81!J8 -138.811 8.967 
& 15 29.888 -128.828 e.984 



217 

FAR OFFSET SV SOURCE 

LEVEL WINDOW PHI THETA F 

6 7 38.382 -126.882 e.988 
6 8 31.914 -122.787 e.98 .. 
6 9 33.63 .. -119.861 e.981 

.. 6 18 32.8•2 -118.9•8 e.9.-e 
6 11 Z9. 738 -118 .t7e e.928 
6 12 25.772 -113. 8e2 e.918 
5 13 21.478 -1e8.386 8.898 

8 1 38.382 -123.593 e.888 
8 2 38.368 -12 ... 986 e.92 .. 
8 3 37.3e6 -127.63• e.9•1 
8 .. 37.27e -127.719 e.923 
6 6 38.2•8 -12•.1"2 8.917 
6 8 37.38 .. -123.e•2 8.938 
6 7 36.381 -125.8ell e.962 
6 8 3•.228 -128.87e 8.968 
8 9 34.e9• -129.846 e.968 
6 1e 34.6711 -128.482 e.966 
6 11 3.-.574 -127.688 "· 989 
6 12 33.481 -129.478 e.988 
6 13 32.198 -132.6e• e.991 

7 1 62.372 -98.662 8.981 
7 2 48.2111 -97.662 8.873 
7 3 41.4•6 -98.931 e.831 
7 4 39 ... &8 -98.821 e.8111 
7 6 39.217 -9e.834 e.8114 
7 8 37.143 -98.928 e.8611 
7 7 33.468 -UJ2. 624 e.9119 
7 8 311.9118 -184.169 e.938 
7 9 29.8311 -183 .6e8 e.943 
7 111 38.618 -1e2.996 8.943 
7 11 32.298 -1e3.481 e.954 
7 12 32.364 -1e3.781 ". 989 
7 13 31t. 298 -te3.289 e.973 
7 14 27.238 -181.872 8.971 

8 1 88.114 -U.986 8.785 
8 2 87.8•6 -98.U9 e.76e 
8 3 88.333 -89.978 8. 778 
8 4 81.111 -87.973 e. 788 
8 6 88.••e -82.888 e. 729 
8 8 47.279 -83.818 e.727 
8 7 5.-.884 -98.113 e. 775 
8 8 811.924 -98.888 8.923 
8 9 82.4311 -93.291 e.9•7 
8 111 62.8•4 -92.371 e.988 
I 11 811.111 -94.2n 1!1.882 
8 12 67.481 -96.622 e.843 
8 13 56.331 -9•.•61 e.822 

9 1 68.18& 89.871 e. 111 
9 2 49.293 84.264 e. 732 
9 3 •7.244 81.481 8.728 
9 4 42.989 78.872 e.718 
9 6 32.889 86.318 e.815 
9 8 27.738 68.882 8.962 
9 7 28.e&& 62.8811 e.963 
9 8 22.1172 3i.433 e.888 



218 

FAR OFFSET SV SOURCE 

LEVEL WINDOW PHI THETA F 

UJ 1 82.481 94.791!1 1!1.833 
11!1 2 51!1.747 85.171 1!1.788 
11!1 3 43.171 71.728 1!1.789 
11!1 .. 39.998 58.924 ".864 
1e 5 38.888 49.888 "-938 
11!1 8 33.389 43.811 1!1.953 
1e 7 32.825 37.818 e.9e7 
11!1 8 33.181 31!1.585 1!1.971 

11 1 54.738 135.1!11!11!1 0.1!11!11!1 
11 2 54.738 135.1!11!11!1 1!1.1!11!11!1 
11 3 54.738 135.1!11!11!1 1!1.1!11!11!1 
11 4 64.738 135.1!11!11!1 8.1!101!1 
11 5 54.738 135 .1!108 0.1!11!11!1 
11 8 54.738 135.01!11!1 e.eee 
11 7 54.738 136.1!11!11!1 0.eee 
11 8 54.738 135.1!11!18 e.eee 

12 1 54.738 135.1!11!11!1 e.0ee 
12 2 54.738 136.01!18 0.eee 
12 3 54.738 135.01!18 8.01!18 
12 4 54.738 135.1!11!11!1 e.eee 
12 6 54.738 135.1!11!18 0.eee 
12 8 64.738 136.1!11!11!1 0.eee 
12 7 64.738 135 .0ee 0.eee 
12 8 54.738 135.01!11!1 0.eee 
12 9 u. 73e 135.01!11!1 0.0ee 
12 18 64.738 136.1!11!11!1 0.eee 
12 11 .64.738 136. 1!11!11!1 e.eee 
12 12 64.738 136.1!11!11!1 e.eee 

13 1 54.738 135.NI!I e.eee 
13 2 54.738 135 ·"· "·NI!I 
13 3 54.738 13&.1!11!11!1 0.1!11!18 
13 4 54.738 13&. 01!11!1 0.01!11!1 
13 6 64.738 136.81!11!1 1!1.1111!11!1 
13 e 54.738 135.1111!11!1 e.0ee 
13 7 64.738 135.1!11111!1 1!1.1!11!18 
13 8 54.738 135.01!11!1 0.eee 
13 9 64.738 136 .01!18 0.1!11!11!1 
13 11!1 64.738 135.1!11!18 ei.I!IN 

14 1 8.498 -137.146 0.948 
14 2 8.641 -u8.eee 8.983 
14 3 9.421 -164.888 0.988 
14 4 9.9CS2 -167.311 1!1.982 
14 6 9.153 -161.738 0.968 
14 e 8.338 -143.H9 0.96" 
14 7 9 .0oe -142.329 8.968 
14 8 11.388 -148.602 8.96& 
14 9 14.439 -148.388 8.842 
14 18 18.678 -146.433 8.824 

16 1 81.489 -11!18.468 ". 878 
16 2 67.081 -108.438 8.913 
1& 3 88.&37 -99.596 8.931 
16 4 88.726 -11!18.961 1!1.849 
16 6 86.841 -11!14. 158 "· 718 16 e 81.312 72.344 e. 713 
16 7 78.472 78.364 1!1.768 



219 

FAR OFFSET SV SOURCE 

LEVEL WINDOW PHI THETA F 

16 8 79.469 88.787 ". 784 
16 9 74.462 88.eu e.84e 
15 18 87.732 88.333 1.882 

18 1 18.485 -64.83e 8.939 
18 2 16.444 -89.798 e.937 
18 3 16.816 --79.971 e.928 
18 4 15.82e -81.825 e.894 
18 5 1s.e88 -77.829 "· 878 
18 8 18.987 -78.372 e.874 
18 .7 18.8e7 -81.698 e.872 
18 8 29.566 -135.eee e.861 
18 9 26.614 -1e1.836 e. 798 
18 1e 27.636 -111.e81 e.762 
18 11 27.21e -114.964 e. 761 
us 12 26.89e -121.e69 1.819 

17 1 17.478 -96.818 8.869 
17 2 19.316 -183.811 e.882 
17 3 28.986 -1e8.136 e.878 
17 4 21.696 -1e8.411 e.866 
17 6 21. 4e8 -1ee.se8 e.837 
17 6 21.967 -117.286 1.837 
17 7 24.831 -112.481 e.833 
17 8 38.2e7 -119.885 8.81118 
17 9 38.417 -126.903 Ill. 776 
17 11 37.718 -127.382 e. 788 
17 11 36.e33 -126.171 e.81111 
17 12 33.368 -127.14111 111.8u 

11 1 1& .288 -188.168 8.924 
18 2 18.826 -181.497 8.937 
18 3 18.627 -1e8.136 8.948 
11 4 18.385 -105.199 e.937 
18 6 15.711 -1e2.388 8.929 
18 8 15.163 -181.7e2 0.92111 
18 1 16.329 -1e2.4e8 0.986 
18 8 18.971 -184.109 0.872 
18 9 28.194 -UH .669 0.834 
18 11 22.844 -118.987 i. 832 
18 11 24.H9 -114.628 0.868 

19 1 19.886 -84.898 8.982 
u 2 28.388 -84.666 8.976 
19 3 28.486 -82.924 0. 983 
19 4 28.968 -61.978 8.987 
19 6 21.289 -62.978 8.992 
19 8 2111.683 -83.781 8.992. 
Ut 7 18.628 -82.312 0.97a 
19 8 16.11128 -68.332 e.983 
19 It 12.878 -46.287 e.se3 
18 18 12.811 -44.019 8.939 

28 1 14.81t4 -182.227 8.968 
28 2 14.796 -101.948 0.968 
28 3 14.61tl -99.678 e.982 
20 .. 16.182 -181. 181t e.974 
28 6 14.787 -184.783 e.9ie 
28 8 12.872 -184.14e e.987 
28 7 1111.174 -96.64111 8.976 
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FAR OFFSET SV SOURCE 

LEVEL WINDOW PHI THETA F 

28 8 8.149 -77.193 8.971 
28 9 7.896 -81.11J47 IIJ.973 

21 1 11.728 -8&.421 8.988 
21 2 11. 711J7 -88.828 IIJ.978 .. 
21 3 11.352 -78.8 .. 9 8.978 
21 .. 18.121 -79.285 8.981 
21 s 8. 713 -8 ... 838 e.993 
21 8 7.88 .. -79 ... 98 8.992 
21 7 7 ... 86 -87.877 8.986 
21 a 7 .84 .. -66.2U 8.982 
21 g 7. 713 -&8 ... 88 8.981 
21 18 7.692 ... 6.298 8.978 

22 1 15.888 -88.874 IIJ.988 
22 2 13.271 -&8.685 IIJ.983 
22 3 13.358 -&e.338 IIJ.988 
22 .. 12.828 -84.738 8.971 
22 s 111J.66S -86.944 8.983 
22 8 11.171 -68.827 8.988 
22. 7 8.888 -44.163 8.984 
22 8 e. 774 -34.712 8.981 
22 9 7.276 -36.174 IIJ.979 
22 18 7.828 -34.487 8.978 

23 1 7.878 -148.825 8.928 
23 2 8.879 -127.224 8.947 
23 3 8.1"8 -112.971 8.981 
23 4 e·.a11 -113.287 8.961 
23 6 9.689 -129.378 8.948 
23 8 18.284 -138.143 8.963 
23 7 8.181 -137.867 8.967 
23 8 6.388 -148.733 8.948 
23 9 3.78. -152.827 8.938 
23 18 4.3 .. 8 -183.822 8.924 
2J 11 ... 848 -use. 128 8. 917 

24 1 16.848 -171.828 8. 964 
24 2 14.819 -152.832 8.968 
24 3 12.128 -168.8e6 8.988 
24 4 12.283 -164.881 8.968 
24 6 16.8&1 -163. &e2 8.938 
24 8 18.886 -164.248 8.962 
24 7 14.786 -166.461 8.968 
24 8 11.882 -168.288 1.944 
24 9 9.933 -183.914 1.922 
24 18 11.287 -188.419 8.988 
24· 11 18.847 -189.272 1.818 

25 1 28.344 -172.992 8.984 
25 2 27.422 -187.388 IIJ.988 
25 3 28.441 -18&.668 8.988 
25 4 27.411 ·184.2U 8. 973 
26 6 29.821 -182.178 8.974 
26 8 29.284 -188.889 8.979 
26 7 28.747 -188.822 8.977 
26 8 23.689 -182.622 8.988 
26 9 21.182 -188.89& 8.966 
25 18 28.824 -usa .894 8.944 
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FAR OFFSET SV SOURCE 

LEVEL. WINDOW PHI THETA F 

28 1 14.571 -184 .1U "· 984 28 2 18 .• 18 -187.884 8.988 
28 3 16.888 -189.391 8.975 
28 4 18.888 -183.385 e. 971 
28 5 18.385 -155.374 8.974 
28 8 19.73. -158.594 8.988 .. 28 7 19.891 -183.274 8.977 
28 8 19.273 -171 .• 85 8.983 
28 9 18.282 -178.972 8.945 
28 18 17.615 -177.188 8.939 

27 1 24.879 -173.382 8.981 
27 2 28.754 -188.725 8.988 
27 3 27.973 -185.197 1.979 
27 4 27.888 -18 •. 978 1.978 
27 6 28.718 -181.8117 8.976 
27 8 31.855 -157.888 8.984 
27 7 32.836 -157.287 8.994 
27 8 31.198 -168.221 8.989 
27 9 29.134 -182.838 8.978 
27 111 28.994 -188.3•9 8.944 
27 11 28.287 -187.2911 8.931 

28 1 26.558 -189.541 8.981 
28 2 27.578 -182.889 8.973 
28 3 28.587 -159.8112 8.971 
28 4 27.984 -1&7. 668 8.M7 
28 6 38.675 -1&1. 8117 8.969 
28 8 34. 71& -149.167 8.974 
28 7 36 .• 85 -168.484 8.988 
28 8 34.183 -1&3.291 8.977 
28 9 32.229 -1&7 .898 8.948 
28 18 38.818 -188.232 8.897 
28 11 38.287 -188.973 8.881 

29 1 18.118 -174.838 8.951 
29 2 19.795 -189.871 8.959 
29 3 22.298 -184.838 8.952 
29 4 23.143 -186.333 8.946 
29 6 23.378 -188.914 8.938 
29 8 28.667 -1&9.896 8.928 
29 7 34.321 -1&5.811 8.961 
29 8 38.237 -1&7.548 8.983 
29 9 38.221 -188.727 8.988 
29 18 36.647 -183.887 8.927 

38 1 19.832 -178.888 8.977 
38 2 28.233 -178.896 8.982 
3e 3 21.436 -188.788 8.983 
38 4 22.597 -189.893 8.988 
38 6 23.688 -172.324 8.978 
38 8 28.843 -187.6113 1.988 
38 7 31.288 -181.81-4 1.973 
38 8 33.288 -181.188 8.988 
3e 9 33.6CS1 -183.359 1.988 
38 18 33.227 -188.868 8.974 
3e 11 32.811 -189.712 1.981 

31 1 28.886 -121.576 1.967 
31 2 24.591 -122.275 8.968 
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FAR OFFSET SV SOURCE 

LEVEL WINDOW PHI THETA F 

31 3 24.125 -124.321 ".984 
31 4 25.31" -128.4"9 ".98" 
31 5 24.48" -127."1" ".952 
31 8 22.814 -128.719 ".951 
31 7 28.924 -135. 5"" ".933 
31 8 32~541 -14". 715 0.9 .. 7 
31 9 3 ... 918 -1<44. H" 0.978 
31 18 36.289 -1<47~332 0.988 
31 11 34.182 -168.282 0.968 
31 12 32.743 -1&1.&32 0.9&8 

32 1 3&.852 -139.214 8.918 
32 2 31.316 -137.228 8.918 
32 3 28.586 -13· .142 8.917 
32 4 26.382 -128.868 ".934 
32 5 23.598 -121.888 "· 963 32 8 21.347 -117.272 8.969 
32 7 23.492 -122.982 ".932 
32 8 28.149 -128.3&8 8.932 
32 9 38.888 -129.579 ".962 
32 18 29.588 -138.881 ".958 
32 11 28.482 -133.678 8.948 
32 12 27.873 -137.683 8.937 
32 13 27.242 -139.762 8.937 

33 1 39.4&2 -163.881 8. 961 
33 2 38.898 -151 .156 8.932 
33 3 33.399 •1<48.398 8.917 
33 4 "31.598 -144.487 0. 916 
33 5 29.681 -138.411118 0.919 
33 8 25.811118 -132.286 0.936 
33 1 2 ... 203 -136.971 0.9 .. 2 
33 8 28.627 -1<48.168 0.928 
33 9 33.311 -161111.891 8.948 
33 18 35.361 -162.253 0.978 
33 11 35.562 -163.181 0.984 
33 12 36.886 -163.887 0.974 
33 13 34.527 -163.796 0.988 

34 1 31.814 -131111.373 0.911116 
34 2 21.418 -138. "87 1.948 
34 3 26.784 -129.111189 1111.963 
34 4 24.e37 -128.111192 ".975 
34 & 22.893 -128.298 0.978 
34 8 28.998 -123.334 0.972 
34 7 19.&&7 -126.103 1.973 
34 8 28.794 -137.782 0.973 
34 9 25.888 -158.646 1111.971 
34 18 21.233 -167.472 0.979 
34 11 31.548 -188.679 0.979 
34 12 32.119 -161.798 1.978 
34 13 32.817 -162.398 8.981 

35 1 32.898 -147.8&3 8.978 
3& 2 31.872 -148.993 8.983 
35. 3 29.992 -149.968 0.991 
36 4 28.971 -149.648 0.991 
36 6 28.282 -148.634 0.988 
35 6 28.387 -161.598 0.983 
35 7 38.857 -157.641111 1.987 
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FAR OFFSET SV SOURCE · 

LEVEL WINDOW PHI THETA F 

35 8 32.888 -185.369 8.965 
35 9 34.687 -169.148 8.972 
35 18 34.563 -169.136 8.973 
35 11 33.598 -167.526 8.967 
3& 12 32.488 -168.388 8.968 
3& 13 31.142 -166.684 8.958 

38 1 37.958 -148.416 8.968 
38 2 38.778 -148.314 8.988 
38 3 36.841 -u 1. 889 8.978 
38 4 34.872 -148.786 8.988 
38 5 32.488 -us. 398 8.992 
38 8 32.143 -146.487 8.989 
38 7 33.618 -149.233 8.984 
38 8 34.968 -156.869 8.986 
38 9 36.338 -188.869 8.986 
38 18 36.221 -182.984 8.983 
38 11 36.387 -183.846 8.984 
38 12 36.886 -183.911 8.987 
38 13 36.987 -184.481 8.988 

37 1 46.388 -167.794 8.988 
37 2 44.435 -1&8. sse 8.988 
37 3 43.888 -1&6.148 8.974 
37 4 41.823 ·1&3.8U 8.979 
37 6 39.481 -162.833 8.974 
37 8 39.875 -168.831 8.968 
37 7 41.449 -161.668 8.942 
37 8 4:Z.446 -154.549 8.938 
37 9 41.4&1 -158.158 8.948 
37 18 39.874 -188.483 8.939 
37 11 39.824 -188.889 8.944 
37 12 38.498 -169.984 8.9&6 
37 13 37.289 -169.378 8.989 

38 1 62.324 -161.966 8.976 
38 2 61.983 -1&8.884 8.981 
38 3 51.348 -168.263 8.987 
38 4 68.882 -157.274 8.992 
38 6 49.924 -166.855 8.993 
38 8 49.181 -1&4.952 8.991 
38 7 48.242 -158.882 liJ.984 
38 8 48.787 -181.844 8.979 
38 9 44.988 -188.36& 8.984 
38 18 44.828 -187.347 8.987 
38 11 44.137 -188.727 8. 998 
38 12 44.852 -188.835 8.992 
38 13 4&.411 -18&.464 8.991 

39 1 44,49& -1&7. 688 8.993 
39 2 45.194 -167.897 8.994 
39 3 46.883 -158.539 8.996 ... 39 4 48.345 -168.888 8. 998 
39 6 48.148 -165.878 8.998 
39 8 48.948 -168.787 8.991 
39 7 46.989 -169.817 8.981 
39 8 44.499 -184.816 8.988 
39 9 43.944 -188.329 8.987 
39 18 44.686 ·188.211J8 8.989 
39 11 45.415 ·185.229 8.988 
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FAR OFFSET SV SOURCE 

LEVEL WINDOW PHI THETA F 

39 12 48.887 -184.441 8.981 

48 1 48.874 -188.887 ".993 
48 2 49.268 -167.688 8.996 
48 3 49.388 -168.881 8.997 
48 4 49.538 -168.162 8.998 
48 5 49.953 -186.833 8.998 
48 8 58.348 -186.991 8.996 
48 7 49.694 -168.431 8.987 
48 8 47 .see -172.784 0.983 
48 9 48.876 -176.918 0.989 
48 1" 47.171 -178.622 0.994 
48 11 48.278 -178.198 8.992 
48 12 49.838 -176. see "· 989 
48 13 49.327 -174.824 8.984 

41 1 48.987 -188.317 8.982 
41 2 49.723 -159.419 8.988 
41 3 49.728 -151.137 l!ll.99e 
41 4 48.881 -158.443 8.994 
41 6 48.864 -166.8211J 8.993 
41 8 49.868 -166.882 8.992 
41 7 61.278 -167.387 8.98e 
41 8 51.687 -181.687 8.984 
41 9 61.886 -188.211 8.988 
41 18 61.824 -189.174 8.991 
41 11 61.732 -18SL447 8.998 
41 12 62. 4•U~ -187.972 8.989 

42 1 69.891 -171.882 8.988 
42 2 69.449 -1711.941 llll.989 
42 3 68:41U -189.387 l!ll.988 
42 4 67.738 -188.486 8.972 
42 6 68.811 -189.886 8.948 
42 8 81.99& -172.484 8.938 
42 7 83.911 -173.824 l!ll.946 
42 I 83.712 -174.1!l177 l!ll.9&2 
42 9 82.998 -174.436 l!ll.964 
42 18 82.668 -174.938 8.968 
42 11 82.261 -174.832 QL 9e1 
42 12 81.438 -173.888 8. 986 

43 1 68.688 -H.eee l!ll.988 
43 2 66.668 -98.8ee 8.994 
43 3 6&.698 -se.eee 8.996 
43 4 68.443 -9e.eee 8.994 
43 6 U.226 -9e.8ee 8.988 
43 8 82.2H -9e.eee l!ll.978 
43 7 83.311 -se.eee 8.971 
43 8 82.868 -se.eee 8.986 
43 9 81.883 -9e.e8e 8.968 
43 18 81.494 -9e.eee 8.981 
43 11 81.918 -ee.eee 8.986 

44 1 68.897 -189.781 111.9i3 
44 2 66.483 -189.781 8.998 
4 .. 3 6 ... 181 -189.781 8.978 
44 4 64.38i -189.781 8.948 
4 .. 6 66.i82 -18i.781 8.922 
44 8 68.824 -189.781 8.911 
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FAR OFFSET SV SOURCE 

LEVEL WINDOW PHI THETA F 

44 7 53.928 -189.781 8.892 
44 8 48.979 -169.781 8.891 
44 9 48.788 -189.781 8.988 
44 18 48.608 -189.781 8.918 
44 11 45.712 -189.781 8.948 
44 12 44.383 -189.781 8. 977 
44 13 43.281 -189.781 8.988 

46 1 56.736 -187.978 8.987 
46 2 55.848 -187.132 8.992 
46 3 54.268 -168.881 8.993 
46 4 54.288 -168. 115 8.984 
46 5 56.878 -166.848 8.976 
46 8 56.917 -164.648 8.978 
46 7 54.898 -187.834 "· 986 46 8 52.249 -175.581 8.988 
46 9 58.884 177.348 8.981 
4& 18 68.674 175.887 8.983 
4& 11 68.928 176.738 8.989 
4& 12 se :819 178.388 8.973 
4& 13 49.989 17&. 788 8.978 

48 1 47.983 -189.312 8.932 
48 2 48.281 -113. 23& 81.938 
48 3· 44.131 -119.494 8.918 
48 4 41.3811 -122.212 81.832 
48 6 41.964 -118.482 8.712 
48 8 48.877 -118.268 8.878 
48 7 49.823 -122.718 8.721 
48 8 44.866 -132.644 8.728 
48 9 38.388 -144.712 8.863 
48 18 33.283 -157.788 8.6&2 
48 11 32.491 -182.372 8.489 
48 12 3&.287 -1&8.884 8.682 

47 1 66.468 -177 .&41 8.988 
47 2 64.469 -178.78& 81.987 
47 3 63.249 -178.388 8.988 
47 4 62.422 -17&. 744 8.978 
47 & 62.773 -174.268 8.984 
47 8 64.H4 -173.118 8.968 
47 7 64.187 -174.887 8.961 
47 I 63.111 -178.849 8.981 
47 9 62.389 178.212 8.982 
47 18 62.341 177.H2 8.98 .. 
47 11 62.438 177.818 "· 971 

48 1 58.73.7 -189.386 8. 971 
41 2 67.488 -188.838 8.987 
48 3 56.788 -187.987 8.983 
41 4 63.822 -187.814 8.968 
48 & 62.2&8 -18& .162 8.949 .. 41 8 62.439 -182.381 8.948 
41 7 53.297 -182.888 8.9 .. 7 
48 8 63.888 -184.478 8.968 
48 9 52.671 -187.298 8.983 
41 18 62.583 -189.262 8.1i183 
48 11 &2. 711 -189.977 8.988 

49 1 6&.813 18&.113 81.997 
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FAR OFFSET sv SOURCE 

LEVEL WINDOW PHI THETA F 

49 "2 54.8ee 185.877 e.996 
49 3 54.333 186.586 8.991 
49 4 54.649 166.376 0.988 
49 6 66.128 168. 109 8.982 
49 8 56.323 187.768 0.981 
49 7 56.037 168.831 0.981 
49 8 54.991 167.497 0.982 
49 9 56.538 186.442 8.984 
49 UJ 58.111 184 .l<t8 0.987 

58 1 58.898 -188.329 e.998 
se 2 50.474 -187.928 8.999 
5e 3 49.921 -187.764 8.999 
58 4 49.686 -167.823 e.997 
58 5 58.171 -187.396 0.994 
5e 8 51.863 -168.238 ". 998 
5e 7 53.e88 -186.710 e.992 
58 8 63.172 -188.377 8.993 
68 9 52.934 -187.788 8.992 
68 18 52.925 -188.852 8.988 
68 11 53.848 -189.389 8.98& 
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FAR OFFSET SV SOURCE 

LEVEL 1 LEVEL 4 

.. 

LEVEL 2 LEVEL 5 

LEVEL 3 LEVEL 6 
,,. 
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FAR OFFSET SHt SOURCE 

LEVEL 7 LEVEL 10 

LEVEL 8 LEVEL 11 

LEVEL 9 LEVEL 12 
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FAR OFFSET SV SOURCE 

LEVEL 13 LEVEL 16 

LEVEL 14 LEVEL 17 

LEVEL 15 LEVEL 18 
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FAR OFFSET SV SOURCE 

LEVEL 19 LEVEL 22 

LEVEL 20 LEVEL 23 

LEVEL 21 LEVEL 24 
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FAR OFFSET SV SOURCE 

LEVEL 25 LEVEL 28 

LEVEL 26 LEVEL 29 

LEVEL 27 LEVEL 30 
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FAR OFFSET SV SOURCE 

LEVEL 31 LEVEL 34 

LEVEL 32 LEVEL 35 

LEVEL 33 LEVEL 36 
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FAR OFFSET SV SOURCE 

LEVEL 37 LEVEL 40 

,• 

LEVEL 38 LEVEL 41 

LEVEL 39 LEVEL 42 
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FAR OFFSET SV SOURCE 

LEVEL 43 LEVEL 46 

LEVEL 44 LEVEL 47 

LEVEL 45 LEVEL 48 
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FAR OFFSET SV SOURCE 

LEVEL 49 

LEVEL 50 

'~ 



APPENDIX 4 

FORTRAN 77 PROGRAM LISTINGS 

HODOS.FOR 
VEL.FOR 

ROTBOR.FOR 
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PROGRAM HODOS 

C WRITTEN BY TOM DALEY FROM IDEAS OF FRED EASTWOOD lt/86 
C CURRENT VERSION '14/81 
c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
C ,...... THIS PROGRAM IS DESIGNED TO PLOT HODOGRA.MS FROM A. DA. TA. FILE 
C ,, .. ,,, WRITTEN FROM THE DISCO PROGRAM . DISCOUT.. IT SHOULD HAVE 
C, .. ,.,. THE DA.TA. FROM A. ' COMPONENT GEOPHONE FOR A WINDOW OF TIME. 
C'""" THE DATA. FILE SHOULD BE ORGANIZED SUCH THAT IT HA.S, IN ORDER. 
C"'"'' THE NUMBER OF TRACES. THE NUMBER OF SAMPLES IN THE FIRST 
C'""" TRACE, .THE DA.T.t FOR THE FIRST TRACE. THE NUMBER OF SAMPLES 
C.,,,.., IN THE SECON() TRACE, THE OATA. FOR THE SECOND TRACE, ETC. 
C'""" I HAVE ASSUMED THE TRACES A.RE IN THE OROER P.S'l.SH. 
c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

REAL TRACE I( IOO),TRACE~ 100).TRACE3( IOO).TEMP( IOO),ZMTR( 100,100) 
REAL TRACE.A( 100), TRACEB( 100), TRACEq lOO),PL TST,KOUNT 
DOUBLE PRECISION GSCALE 
CHARACTER"'W FILEIN.TITLEl,TITLE2 
INTEGER XTRC,"Cl'RC,JKOUNT2 

WRITE(&,')'WHAT FILE ARE TilE TRACES oo· 
READ(S.IO)FILEIN 

10 FORMAT(A64) 
C FILEIN•' SVISROT. TRC' 

OPEN(UNIT-l,FILE-FJLEIN,STATUS-. OLD •. FORM-. UNFORMATTED·) 

READ( I )NTRACE 
REWIND( I) 
NLEVEL-NTRACE/3 THERE A.RE ' TRACES PER LEVEL 

WRITE(&,')'THERE ARE'.NLEVEL,' LEVELS. HOW MANY P-LOTS DO YOU WANT'' 
READ( 5, ')NPLOTS 

WRITE(&. •roo YOU WANT ZD OR 30 PLOTS? (ANSWER 2 OR 3}' 
READ(S, ')NDIM 

IF(NDIM.EQ 3)THEN 
WRITE(4,')'00 YOU WANT 2-D SLICES, 3-0 PLOTS, OR BOTH? 

• ANSWER 2.3 OR 4' 
READ( S, ')PL TST 

C PLTST-1 
WRITE(S.')'WHlCH LEVEL DO YOU WANT TO START AT'' 
READ( 5, ')SPL T 
GO TO lOO 

END IF 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
C•••••••••••••• LOOP 100 IS FOR ID PLOTS ••••••••••••••••••••••••••••••••• 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

DO 100 1-l.NPLOTS 

WRITE(&. ')'WHICH TRACES DO YOU WANT TO PLOT'' 
READ(5.1XTft.YTR 
READ( I )NTRACE 
READ( 1 )NPOINTS 

REWIND( I) 
READ( I )NTRACE 

DO 110 ITR-I.NTRACE 
REA.D(I) NPOINTS 
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us 

ll7 

READ(1) (TEMP(J) .J-1,NPOINTS) 

IF(ITR.EQJITR) THEN 

•READ A TRACE IN TEMP STORAGE 

•CHECK IF WE WANT THIS TRACE 

WRITE(&.-)'THERE ARE' .NPOINTS,' SAMPLES. WHICH ONES TO PLOT?' 
READ(S.I)ISTART.ISTOP 

END IF 

NPTS-ISTOP-IST ART+ 1 
DO llS J-ISTART.ISTOP 
TRACE1(J-ISTART1-1)-TEMP(J) 
CONTINlJE 

IF(ITR.EQ YTR)THEN 

ENDIP 

DO ll7 J-ISTART.ISTOP 
TRACE2CJ-ISTART1-l)-TEMP(J) 
CONTINUE 

•INPUT DATA TO PLOTTING ARRAY l 

•INPUT DATA TO PLOTTING ARRAY t 

110 CONTINUE 
Ri:WIND(l) 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c••••••••••••••o•• USE GSCALE TO NORMALIZE THE HODOGRAMS 
•••••••••••••••••••o•••••••••••••••e•••••••••••••••~•••••••••••••••••••••••• 

120 

130 

GSCALE-10 •<l.20 
XMAX-o 
YMAX-o 
DO 120 J-I.NPTS 
XMAX-MAX(XMAX.ABS(TRACE1( J))) 
YMAX-MAX(YMAX..ASS(TRA~ J))) 
GSCALE-MAX{XMAX. YMAX) 
CONTINUE 
DO 130 J-I.NPTS 
TRACE1( J)-TRACE1( J) /GSCALE 
TRACE2( J)-TRA.CE2( J) /GSCALE 
OONTINUJ: 

I FIND THE MAXIMUM VALUE OF EITHER TRACE 

I NORMALIZE SO THAT MAX VALUE • t 

CCCCCCCCCCCCCCCCCCCCCCCCC MAKE A TinE FOR PLOTS CCCCCCCCCCCCCCCCCCCCCCCCC 
!NCODI(31.141,nTLE1),YTR..xTR 

141 FORWAT('PARnCLE MOnON- TRACES ',F4.0,' VS ',F4.0,T) 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
C•• .. •••••••••••••• CALL ._D GRAPHICS •uu••••••••••••••••••••••••••••• 
c 
c 

100 

CALL NOM/NI 
CALL PVT1.4D 

CALL TALARS 
OALL PAGE(80,1.0) 
CALL ARE.U0(2.0,20) 
OALL XNAME(' 
CALL YNAME( ' 
CALL XNONUM 
CALL YNONUM 
OALL CROSS 

s· .1001 
s. ,100) 

CALL HEADIN(%REF(nn.E1),100.1.5,1) 
CALL GRAI'(-1.0, 'SCALE' .I 0,-1.0,'SCALE'.1 0) 

CALL MARKER(13) 
CALL CURVE{TRACE2.TRACE1.3,1) 
CALL MARKER(4) 
CALL CURVE{TRACE2,TRACE1.NPTS.1) 
CALL ENDPL(O) 
CONTINUE 
CALL DONEPL 
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CO TO 999 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c .. uouoou•••••.. THE JOO LOOPS ARE FOR ,_D HODOGRAMS ••••••••••••••••• 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
300 CONTINUE 

KOUNT=O 
JKOUNT2~o 

DO 399 JPLT-t.NPLOTS 
C WRITE( I, •r WHICH LEVEL DO YOU W,I,NT TO PLOT?' 
C READ{S, •)!LEVEL 

ILEVEL-JPLT USE THIS STATEMENT FOR MULTIPLE LEVEL PLOTS 

REWIND( I) 
READ( I) NTRACE 

DO 390 ITR-I.NTRACE 
KOUNT-FLOAT( ITR+3) /3 
IF(KOUNT LT FLOAT{ILEVEL))THEN 

READ( I) NPOINTS 
READ( I) (TEMP(J), J-I.NPOINTS) 

END IF 
IF(KOUNT.EQ.Fl.OAT{IIEVEL))THEN 

R= '! NPOJNTS R I (TRACEl(J), J-t.NPOINTS) 
R 1 NPOINTS 
READ(li (TRACE2(J), J-1.NPOINTS) 
RE.AD(l NPOINTS 
READ(! (TRACE3(J), J-l.NPOINTS) 

END IF 
3llO CONTINUE 

IF(JPLT.LT.SPLT)QO TO »e 

I KOUNT IS THE CURRENT LEVEL 

I LOOP UNTIL DESIRED FIRST LEVEL 

C WRIT_E(I, •)' THERE ARE' ,NPOINTS,' POINTS, WHICH ONES DO YOU WANT TO PLOTf 
C f!J FIRST,LAST' 
C READ(S, •jiSTART,ISTOP 

!START-I 
ISTOP-NPOINTS 

NPTS-ISTOP-ISTART+ I 

DO 380 J-JSTART.ISTOP 
TRA!l J-ISTART+l)-TRA!1 J) 
TRACE J-ISTART+1)-TRACE J) 
TRA J-ISTART+t)-TRA J) 

'l80 CONTINUE 

381 

DO 381 J-t.NPTS 
TRACEA( J)--1 
TRACEB( J)--1 
TRACEC( J)-1 
CONTINUE 

CREATE DUMMY ARRAYS FOR t-D PROJECTION ON 
SIDES OF PLOT 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
C• .. u••••••••••••••• COMPUTE SCALING FACTORS FOR ,_D PLOTS ••• .. ••••••••• 

GSCALE-10 °'-20 
XMAX-o 
YMAX-o 
ZMAX-o 
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385 

DO 385 J=-I.NPTS 
XMAX=-MAX{XMAX,ABS(TRACE 1( J))) 
YMAX==MA.XIYMAX.ABS(TRACE2( J))) 
ZMAX=- MAX( ZMAX.ABS( TRACE3( J))) 
CONTINUE 

CSCALE-MAXlXMAX.YMAX.ZMAX) 
IF(CSCALE LT IOO••-IO)CSCALE-1.0 

C WRITE(S, •)" SCALING FACTOR-· ,GSCALE 

370 

DO 370 J-l.NPTS 
TRACE I( J)=TRA~El J)/GSCALE 
TRACE2( Jl=TRACE J)/GSCALE 
TRACEJ(J)=TRA J)/GSCALE 
CONTINUE 

I FIND THE MAXIMUM VALUE OF 
I ALL j TRACES 

! NORMALIZE TO MAX =1.0 

ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
CCCCCCCCCCCCC SET UP jO GRAPHICS CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 

C WRITE(I. •)' DO YOU WANT A NEW VIEW POINT FOR THE '0 PLOTr (I-YES)" 
C READ(S, •)VUTEST 

PHI--eo 
THETA-~ 
RADIUS-1~ 

IF(VUTEST EQ t)THEN 
WRITE(IS,O)'ENTER VIEWPOINT - PHJ,THETA,RADIUS' 
READ( s, -)PHI, THETA,RADIUS 

END IF 

ENCODE(28.Jn,Tin.E2),1LEVEL f CREATE PLOT TITLE 
3811 FORMA.T{'PARTICLE MOTION AT LEVEL',I3.T) 

KOUNT2-KOUNT2•l 
JKOUNT2-JKOUNT2+1 
IF( JKOUNT2 CT II)THEN 

END IF 

JKOUNT2-t 
CALL ENDPL(O) 

IF( JKOUNT2.EQ.t)THEN 
C CALL N0/11/NI 
C CALL PTK4l 
C CALL PVT140 

c 
c 
c 

END IF 

CAL1.TALARS 
CALL PAGE(& 5,11 O) 

IF( JKOUNT2 EQI )CALL PHYSOR(O.l,7 0) 

~
JKOUNT2 EQ.2)CA1.1. PKYSOR(O.l,3 S) 
JKOUNT2 EQ J)CALL PKYSOR(O.l,O 1) 
JKOUNT2.EQ.4)CA1.1. PKYSOR( 4.1,7.0) 
JKOUNT2.EQ.5)CA1.L PKYSOR(U,3.S) 
JKOUNT'! EQ.6)CA1.1. PKYSOR(U.O 1) 

CALL NOMINI 
CALL PTK4l 
CALL PAGE(8.S.8.S) 

CALL AR£A20( 4 o .J 5) 
OALL VOLM3D(S 0 ~.0.5 0) 
CALL MESSAG(~REF(Tln.E2),27,0.5,J 25) 
CALL VUANGL(PHJ.THETA,RADIUS) 
CALL XJNAME(' SV' .2) 
CALL YJNAME( ·sH· .2) 
CALL ZJNAME( · RADW. ·, t) 

! PICK PLOTTING DEVICE 
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.. 

c 
c 
c 
c 
c 

3811 

CALL GRAF30(-l,l.l.-l.l.l.-l,l,l) 
CALL BOXJD 

! DRAW AXIS 

IF(PL TST.NE.2 O)THEN 
CALL MARKER(IS) 
CALL CURV3D(TRACE2,TRACE3,TRACE1,3,l) 
CALL MARKER( 16) 
CALL CURV30(TRACE2.TRACE3,TRACEl.NPTS,I) 

END IF 

IF(PL TST NE.3 O)THEN 
CALL MARKER( 13) 
CALL CURV30(TRACE2, TRACE3, TRACE.A,3,l) 
CALL CURV30(TRACE2,TRACEC,TRACEl,3,l) 
CALL CURV30(TRACEB,TRACE3, TRACEl,3,l) 
CALL MARKER( 4) 
CALL CURV30(TRACE2.TRACE3,TRACE.A,NPTS.l) 
CALL CURV30(TRACE2.TRACEC, TRACEl,NPTS. I) 
CALL CURV3D(TRACEB,TRACE3,TRACEl.NPTS,l) 

END IF 

' MARK FIRST j POINTS 

I PLOT 3-0 CURVE 

MARK FIRST j POINTS 

I PLOT ._D PROJECTIONS 

CALL BCNMAT(NPTS,NPTS) ! MAK& 3-D MATRIX 
CALl. GETMA T(TRAC£1, TRACE4, TRACEl,NPTS,tl} 
CALL ENDMAT(ZMTR,tl} 
CALL SURMAT(ZMTR,l,NPTS.I,NI'TS,tl} ! PLOT $-0 SURFACE 
CALL ENDPL(tl} 

CALL ENDGR(O) I END SUBPLOT 

CONTINUE 

CALL OONEPL 
END 
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PROGRAM VELOCITY 

WRITTEN BY TOM DALEY 11/81 CURRENT VERSION 

c•···································································••e•••••••e c•••••••• THIS PROGRAM READS IN TRAVEL TIME INION FROM BOREHOLE DATA 
cuuu .. AND COMPUTES AVERAGE VELOCITIES, INTERVAL VELOCITIES FOR ANY C........ INTERVAL MULTIPLE. THE RATIOS OF P!SV AND P/SH WITH POISSON'S 

JfU/81 

C, ....... RATIO ARE COMPUTED FOR AVERAGE OR INTERVAL VELOCITIES. VELOCITIES 
C , ...... , ARE CORRECTED FOR SOURCE OFFSET WITH A STRAIGHT RA YPA TH. 
c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

DIMENSION DEPTH( IOO).PTT( IOO).SVTT( IOO),SHTT( IOO).DIST( 100) 
DIMENSION SVRA TIO( IOO),SHRA TIO( 100). VPDEPTH( 100). VSVDEPTH( 100) 
REAL VP( 100). VSV( IOO).VSH( IOO).VSHDEPTH( IOO).SHRDEPTH{ 100) 
REAL SVRDEPTH( IOO),SVPOIS( IOO),SHPOIS( 100), VEL{ 100). VDEPTH 
CHARACTER"'l5 FILEIN 

WRITE(&. "I'WHAT Fu.E IS THE DATA IN1' 
REA.D(5,7)FILEIN 

C FILEIN-· VEL.DAT' 

C OFFSET-1500.0 
WRITE(&. "I'WHAT IS THE SOURCE OFFSET' 
REA.D(S, •)OFFSET 

WRIT~&.') 'HOW MANY DEPniS IN DATA7' 
READ(S,')N 

OPEN(UNIT-2.FU.E-'VELDAT.OUT',STATUS-·NEW') 

100 WRITE(&,')'DO YOU WANT TRAVEL TIME, VELOCITIES OR RATIOS?, 
1: l. 2 OR 3 7' 

READ(&, 1 TEST 

OPEN(UNIT•l.P'U.E-FILEIN.STATUS-' OLD·) 

WRITE(2,')' 

IF( TEST EQ.l)THEN 

WRIT~2.') . DEPTH P TRAVEL TIME 
1: SH TRAVEL TIME 

DO 10 1-I.N 
READ( 1.5 )DEPTH( I).PTT( I).SHTT( I),SVTT(I) 
WRITE(2,9)DEPTH(I).PTT(I),SVTT(I),SHTT(I) 

10 CONTINUE 
ENDIP 

IF(TEST.EQ 2.0R TEST EQ.J)THEN 

SV TRAVEL TIME 

WRITE(&. ')'DO YOU WANT AVERAGE VELOCITY OR INTERVAL VELOCITY. 1 OR ~ ?' 

READ(S, 1TEST2 

IF(TEST2 EQ 2)WRITE(&.")'HOW MANY INTERVALS DO YOU WANT TO AVERAGE ?' 

IF(TEST2 EQ :!)READ(S, ')!NT 

IF( TEST EQ ~)WRITE(2. ')' DEPTH P VELOCITY SV VELOCITY 
.t SH VELOCITY . 

IF( TEST EQ J)WRITE(2, ')' DEPTH 
.t P /SH SH POISSON DEPTH 
.t P /SV SV POISSON' 
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~.· 

WRITE(2, ')' 

c 
CCCC LOOP tO COMPUTES THE A VEIUGE VELOCITIES 
c 

IF(TEST2.EQ.I)THEN I COMPUTE AVERAGE VELOCITIES 

DO 20 1-1.N 
READ( 1, 5 )DEPTH( I).PTT(I),SHTT( l),SVTT( I) 
DJST(J)-OFFSET /(COS(ATAN(OEPTH(I)/OFFSET))) ' COMPUTE STRAIGHT 

I LINE DISTANCE 
IF(PTT(I).NE.OlTHEN 

VP(I)-DIST(I)/PTT(l) I P VELOCITIES AND RATIOS 

END IF 

SVRA TIO(I)=SVTT(I) /PTT(I) 
SHRATIO(I)-SHTT(I)/PTT(J) 
SHPOJS(J)-OS'(SHRATIO(J)•"'l-2.0)/(SHRATJO(J)•"l-1 0) 
SVPOIS(J)-o.S'(SVRATIO(J)•"'l-2.0)/(SVRATJO(J)•"'l-1.0) 

IF(SVTT(I).NE.O)VSV( I) .. OJST( I) /SVTT(I) 
IF~SHTT(I).NE.O)VSH(I)-DIST(I)/SHTT(I) 
lF TEST EQ 2lWRITE(2.11~EPTH(Il,VP(I), VSV(I). VSH(I) 
IF TEST.EQ3 WRITE(2,3i)DEPTH(l,SHRATIO(I),SHPOIS(I), 

a DEPTH(I),SVRATIO(I),SVPOIS(I) 
20 CONTINUE 

c 
ecce 
c 

30 
c 
ccccc 
c 

c 

END IF 

IF(TESTUQ.2)THEN 

LOOP 80 COMPUTES THE STIUIOHT RAYPATH DISTANCE 

DO 30 1-1.N 
READ( I, S )DEPTH(I).PTT(I),SHTT( I).SVTT( I) 
DIST(I)-OFFSET /(COS(ATAN(DEPTII(I)/OFFSET))) 

CONTIMJE 

LOOP 40 COMPUTES THE INTERVAL MEASUREMENTS 

DO 40 1-(INT+I),N 
CHECK-o 
CHECK2-o 
CHECKJ-0 
CHECK4-0 
CHECKS..O 

VP~I-o VS 1)-o 
vsv 1)-o 
SHRA TIO(J)-o 
SVRATIO(I)-o 
SHPOIS(I}-0 
SVPOIS(I}-0 

CCCC COMPUTE P INTERVAL MEASUREMENTS 
c 

41 

IF(PTT(I).NE.OAND.PTT(I-INT).NE.PTT(J))THEN 
IF(PTT(I-INT) EQ.O)TIIEN 

DO 41 J-1.(1-INT) 
INT2-INT+J-1 
IF(PTT(I-INT2) £Q 0) GO TO 41 

· IF( CHECK EQ 1)00 TO 41 
VPf 1)-( OJST(I}-DJST( I-lNTZ)) /( PTT(I}-PTT(I-INT2)) 
VPDEPTH(I)-(DEPTH(I)-OEPTH(I-INT2))/2 0+0EPTH(I-INT2) 
CHECK-I 

CONTINUE 
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c 
ecce 
c 

c 
ccccc 
c 

c 

ELSE . 
VP( 1)-(DIST( I }-DIST(I-INT)) /( PTT( 1}-PTT( l-INT)) 
VPDEPTH(I)-DEPTH( l-INT)+( DEPTH( 1}-DEPTH(I-INT)) /2 9 

END IF 
END IF 

COMPUTE SV INTERVAL MEASUREMENTS 

IF(SVTT(I) NE 0 AND SVTT(I-INT).NE SVTT(I))THEN 
IF(SVTT(I-INT) EQ O)THEN 

DO 42 J-1.(1-INT) 
INT2-INT+J-I 
IF(SVTT(l-INT2) EQ 0) CO TO 42 
IF(CHECK2 EQ I) CO TO 42 
VSV(I)=(DIST(I}-DIST(I-INT2))/(SVTT(I}-SVTT(I-INT2)) 
VSVDEPTH(I)-(DEPTH(I}-DEPTH(I-INT2))/20+DEPTH(I-INT2) 
CHECK2-IO 

CONTINUE 
ELSE 

VSVDEPTH(I)-OEPTH(I-INT)+(OEPTH(I}-DEPTH(l-INT))/2.0 
VSV( I)-( DIST( 1}-0IST(l-INT)) /(SVTT( 1}-SVTT(l-INT)) 

END IF 
END IF 

COMPUTE SH INTERVAL MEASUREMENTS 

IF(SHTT(I) NE 0 AND SHTT(l-INT) NE.SHTT(l))THEN 
IF(SHTT(l-INT) EQ.O)THEN 

DO 43 J-1.(1-INT) 
INT'l-INT+J-1 
IF(SHTT(I-INT2).EQ O) 00 TO 43 
IF(CHECKJ.EQ.l) 00 TO 43 
VSH(I)-(OIST(I)-OIST(I-INT2))/(SHTT(I}-SHTT(I-INT2)) 
VSHDEPTH(I)-(OEPTH(I}-DEPTH(I-INT2))/2.0+0EPTH(I-INT2) 
CHECKJ-10 

CONTINU& 
ELSE 

VSHDEPTH(I)-DEPTH( l-INT)+( DEPTH( I }-DEPTH( l-INT)) /2 0 
VSH(I)-(OIST(I}-DIST( l-INT))/( SHTT( 1)-SHTT( l-INT)) 

END II' 
END II' 

CCC COMPUTE INTERVAL SH RATIOS 
c 

IF(PTT(I) NE O.AND SHTT(I) NE.O)THEN 
IF(PTT(I-INT) EQ 0 OR SHTT(I-INT).EQ.O)THEN 

DO 44 J-1.(1-INT) 
INT2=-INT+J-I 
IF(PTT(I-INT2).EQ.O OR SHTT(I-INT2) EQ O)CO TO 44 
IF(CHECK4EQ I)GO TO 44 
SHRATIO(I)•(SHTT(I}-SHTT(I-INT2))/(PTT(l}-PTT(l-INT2)) 
SHPOIS(l)..O.S.,SHRATIO(I)•-z-2 0) /(SHRATIO(l)•"'l-1 0) 
SHRDEPnf(l)-(DEPnf{l)-DEPTH(I-INT2))/2.0-t-OEPnf(l-INT2) 
CHECK4-I.O 

44 CONTlNUE 
ELSE 

SHRATIO(I)-(SHTT(I)-SHTT(I-INT))/(PTT(I}-PTT(l-INT)) 
IFISHRATIO(I).NE I 0) 
SHPOIS(I)..05.,SHRATIO(I) .. 'Z-2.0)/(SHRATIO(I)•-z-t 0) 
SHRDEPnf(I)-(OEPTH(l}-DEPTH( 1-INT));2.0+DEPTH(I-INT) 

END IF 
END IF 
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c 
ccccc 
c 

COMPUTE INTERVAL SV RATIOS 

c 
c 
c 
c 

c 

IF(PTT(I) NE.o.AND SVTT(I) NE.O)THEN 
IF(PTT(I-INT).EQ 0 OR SVTT(I-INT).EQ O)THEN 

DO 45 J-t,(I-INT) 
INT2-INT+J-t 
IF(PTT(l-INT2).EQ 0 OR.SVTT(l-INT2) EQ 0)00 TO 45 
IF( CHECKS EQ 1)00 TO 45 
SVRA TIO( 1)-( SVTT(I }-SVTT( 1-1 NT2)) /( PTT(I }-PTT( I -INT2)) 
SVPOIS(I)-0 5 '(SVRATIO(I)•-'2-2 O)/(SVRATIO(I)•"2-I O) 
SVRDEPTH( I)-( DEPTH( I }-DEPTH( I-INT2)) I 2. O+DEPTH( 1-INT2) 
CHECKS= I 0 

45 CONTINUE 
ELSE. 

SVRATIO(I)-(SVTT(I}-SV1'T(l-INT))/(PTT(I).;.PTT(l-INT)) 
IF(SVRATIO(I).NE.I 0) 

.t SVPOIS(I)-0.5 '(SVRATIO(I)•"2-2 0)/(SVRATIO(I) •"2-1 0) 

.t 

.t 

SVRDEPTH(I)-(DEPTH(I}-DEPTH(I-INT)) /2 O+DEPTH(I-INT) 
ENDIP 

END IF 
IF(TI!:ST EQ.2)WRJTE{2,3)VPOEPTH(I),VP{I),VSVOEPTH(l), 

VSV(I),VSHDEPTH(I),VSH(I) 
IF(TEST EQ.3)WRITE(2,3G)SHRDEPTH(l),SHRATIO(I),SHPOIS(I), 

SVRDEPTH(l).SVRATIO(l),SVPOIS(I) 

IF(TEST.EQ.I}WRITE(U)VPDEPTH{I}, VP{I), VSVDEPTH(I). 
VSV(I), VSHDEPTH{I), VSH(I) 

IF{TEST EQ.3)WRITE(Ug)SHRDEPTH{I),SHRATIO{I),SHPOIS{I), 
SVRDEPTH(I),SVRATIO(I),SVPOIS(I) 

.0 CONTINtJE 
END IF 
END IF 
CLOSE{ I) 
WRJTE{O,')'DO YOU WANT MORE DATA BEFORE PLOTTIN01 1-YES· 
READ(S. ")MORE 
IP(MORE.EQ.l)OO TO 100 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
C•••••••n••• REMOVE THE ZERO VALUES FOR PLOTTING •••••••••••••••• 

IP-o 
ISH-o 
ISV-o 
IRSH-o 
!RSV-o 
ISHP-o 
ISVP-o 

CALL ZERO(VP. VPDEPTH,N.INT.IP) 
CALL ZERO(VSH,VSHDEPTH.N.INT.ISH) 
CALL ZERO(VSV,VSVDEPTH,N.INT ISV) 
CALL ZERO(!)'VRA TIO,SVRDEPTH.N,INT. IRSV) 
CALL ZERO(SHRA TIO.SHRDEPTH,N.INT.IRSH) 
CALL ON'E{SHPOIS,N.INT.ISHP) 
CALL ON'E{SVPOIS,N,INT,ISVP) 

3 FORMA T(J(Fl2 O.F8 0)) 
S FORMAT(F82.3F84) 
7 FORMA T(A64) 
9 FORMATIFIOO.Jf16J) 
II FORMA T(U"UI 0) 
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39 FORMA T(2(Fl5.0.2Fl2 3)) 
ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

CCCCCCCCCCCCCCC CALL GRAPHICS CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 
99 CONTINUE . 

CALL NOMIN8 
CALL PVT140 

CALL PAGE{ II 0,8 5) 

IF( TEST EQ .2)CALL YNAME( 'INTERVAL VELOCITY (FT /SEC)S'. 100) 
IF(TESTEQ.3)CALL YNAME('SH POISSON RATI0$',100) 

C CALL YNAME("P!SH R.HIOS',JOO) 
CALL XNAME{ ·DEPTH (FEET)S', 100) 

CALL AREA20(8.0,6 0) 

lF(TEST EQ 3)CALL GRAF(O ,1000.,6000 ,00,005, S) 

IF( TEST EQ 2)CALL GRAF(O.,l000.,6000.,0 0,3000.0,18000 0) 

CALL MARKER(2) 
IF( TEST EQ.3)THEN 

C CALL CURYE(SVRDEPTH.SVPOIS,ISYP,J) 
CALL CURVE(SHRDEPTH.SHPOIS,ISHP. 1) 
END IF 

C CALL CURVE(SHRDEPTH,SHRATIO.IRSH,J) 

C CALL MARKER(4) 
IF(TEST EQ 2JTHEN 

END IF 

CALL CURVE(VSHDEPTH.VSH.ISH, I) 
CALL CURVE(VPDEPTH,VP.IP.l) 

CALL ENDPL(O) 
c CALL DONEPL 

WRITE{&,4')' ','DO YOU WANr ANO'niER PLOT OR MORE DATA? 1-PLOT AGAIN. 
a 2-MORE DATA. 3-THE END' 

READ(S, ")COPY . 

c 
ccccc 
ccccc 
c 

10 

lF(COPY.EQ I) 00 TO 99 
IF( COPY EQ 2) 00 TO 100 
CALL DONEPL 
END 

SUBROUTINE ZERO(VEL,VDEPTH,N,INT,ISTEP) ZERO 
THIS SUBROUTINE REMOVES VALUES OF VEL EQUAL TO ZERO 
AND REORDERS VEL AND VDEPTH WITHOUT THOSE VALUES 

REAL VEL(IOO),VDEPTH(IOO) 
INTEOER N.INT.ISTEP 

ISTEP-o 
DO 10 1-iiNT+l).N 

IF( VEL( I) NE O)THEN 

END IF 
CONTINUE 
RETURN 
END 

ISTEP=ISTEP+ 1 
VEL( I STEP)-VEL( I) 
VDEPTH( ISTEP)-VDEPTH(I) 
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SUBROUTINE ONE(VEL,N,INT.ISTEP) 
c 
CCCC THIS SUBROUTINE REMOVES VALUES OF VEL EQUAL TO ONE OR ZERO 
CCCC AND REORDERS VEL WITHOUT THOSE VA.LUES 
c 

REAL VEL(IOO) 
INTEGER N.INT.ISTEP 

ISTEP-0 
DO 20 1-{INT+I),N 

IF(VEI.4I) NE I AND VEI.4J).NE.O)THEN 
ISTEP-ISTEP+ I 
VEL(ISTEP)-VEL(I) 

END IF 
20 CONTINlJE 

RETURN 
END 

... ZERO 

ONE 
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PROGRAM ROTBOR 
c 
c Origifi~J 'llrittu br F .. ~ Eutwoo~. modijicGtioflt br Tom DGJ•r 
c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c tllie protrom ,.,.,.,.. tile rolatiofl of rofl~omlr 
c .,,.,,.,.. '""' •• ,.,.,.,,., ,,.... .. .. ,. • 
c hr~liole coor~i .. ate '''''"' 
e ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

0 

c 

characcer tilain "!14,fileou~ o&.,EIGEN "114 
r-1 «4 ci'OII(3,3),t.racel( 1000l.tracehi(IOOO),tra.ceb2( 1000) 
rea! «4 t.empl( IOOO),tamplll( lOOO),tempb2( 1000) 

~ype 140.filelll 
140 forma&(' tnpu~ filename-· ,a) 

accept t4S,lilelll 
145 rorma&(a) 

open( unl~~.llle-lileaa.~alus- ·old' .form-· 1.111fonna~c.d ·) 
c 

c 
~ype 240.1ileouc 

240 forma&( ' output filename- · , a) 
a.ccapt 24S,Iilaout 

245 fof'ma&(a) • 

c 
open( ual~.llle-tileout,ataLus- 'new· ,CARRlAGECONTROL-. UST') 

WRIT~ e.')' EIGEN VALUE FILE NAME- ' 
READ( 6,146 )EIGEN 
OPEN(UNIT-4,F(L£-EIOEN,STATUS- ·NEW') 

r-.4(2) nt.race · 
~ype 250, a trace 

2SO forma&(· be.ders •J ati'Ke- • ,1) 
wrl"-(3.~) DLlKI 

280 fof'mal( • be.dan •J aLrK•• • .1) 
c 

c eolu '''''"' c 
do 1000 

c 
C telnlall 11r1 llf IWO 0" trOH tO"dotiOIW 
c 

call 
call 
call 
call 
call 
call 
ere. 
cru 
en.. 

docroetl( trace&,lneii,DAIDP. :rOll( I. I)) 
docr~~racebl,t.ra.ceb I,IISalllp,crOI!II( 2,21) 
doer: traceh2, t.raoceb2.!11.lrnp,cra.(3,3)) 
; ...... · CrKII,~bl : .. · . .. : Jei(l.2)) 

,( tracea,tracet. ·.- --.1.3)) 
.'tracebl,t.rac.r -<2.3)) 
·~1.2) 
<II( 1,3) 
.111(2,3) 
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c 
c rtormaJi11 crou corrtl.tio• metria 

500 
600 
c 

c 

c 

tact-crOll( 1,1) 

do 600 J-1.3 
do 500 k-1.3 

continue 
continue 

IF(F ACT EQ 0 OJ THEN 
CROSS( J.K)-o 001 
00 TO 500 
END IF 
crOIII(j,k)-crOIII(J,k) /fact 

call pol&l{cro:.,pbi,theta,allip) 

phi-o.o I SET PH/•0 FOR BOREHOLE COORDINATES 

type 800,i,pbi, tbeta,ellip 
800 formal(' ·-· .• : pb•-·.r: theta~·.r: elhp=='.f) 

wrlt-1(3.900) i,phi.theta,ellip 
900 formal( IX.•2.SX,f8.3,f8.3,10x,f8.3) 
1000 contlnu• 

c 

c 

c 

c 

c 

CLOS£(2) 
CLOSE(3) 
CLOSE(4) 
-p 
•nd 

IMibrou&ln• pol&l{ crc.,pbl,theta,ellip) 

rrtal-. c .. 3.3),:ua•u(3),cublc(3),croo~ 3),enct.(3) 
pi - 3.14lse26 

eall calcillY( cro., IIDYW) 

cubi~ 'i - -•m•&l{3) 
cub1 2 - liAni( 2) 
Cllbl 3 - -llllYu(l) 

ea.ll n:ub•c(cub&c,croo&) 
c.U .on.e....-al(-) 

~~:~l :~~~:~~=~~:~a 
~3,3) - c;;;(3,3) - croo~l) 
DO 30 JJ-1.3 
WRITE( 4, ") CROOT( JJ) 

30 OON11NUE 

11all cioned(crc., .,let) 
It (.,ec:l(l).lt.O.O) &~& .. 

encl( l) -nee~ I) 
eYed(2) -nect.(2) 
encl(3) - -.nct.(3) 

•ndlt 
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c 
C IF TRACES HA. VE BEEN EDITED SET 
C THETA. ,. 0 
C PHI -o 
C ELLIP ,. 0 

IF (EV£CT(2).EQ. 0 )CO TO 8 
GO TO II 

8 1F(EVECT(3).EQ. 0) GO TO 10 
c 
II tbeta - 180 0 • at.all2(evect{3), evect{Z)) I p1 

pb1 =- 180 0 • a40l!(evect{ I) I xma.&(evect)) / p1 
elhp = I 0 - croot{2) I croot{ I) 

c 
return 

10 THETA - o. 

c 

c 

100 
200 
c 

c 

c 

c 

c 

PHI -o 
ELLIP - o 
RETURN 
end 
eubrou\lne calcloY{matll'l,IDYV) 

reaJ 04 matrill(3,3),iov&l(3) 

aonl(1) - maull(1, 1) + maull(2. 2) + matnll(3, 3) 

aDY&I(2)-o.o 
do 200 1-1.3 

do 100 i-1.3 
IDYar(2)-1Dnl(2)+0 S '(matm(i, i) • matr1ll(j, J) -

conUaua 
eon\laue 

1111'111(3) - det(matri:a:) 

re&ura 
ead 
1\a acdoa del( a) 

...... 1(3,3) 

matna(1, J) • matrll(i, tll 

Lerml - 1(2, 2) • =3, 3) - =2. 3! • a(3, 2! 
Lerm2 - 1(2, I) • 3, 3) - 3, I • a(2. 3 
t.erm3 - 1(2, I) • 3, 2) - 3, I • a(2, 2) 
4-' - I( I, I) • t.erml - I( I, 2) • ~.erm2 + 1(1, 3) • t.erm3 
re&ura 
•ad 
wbro11'lae rcvbec (&.&) 

....... 1(3),1(3) 

p - 1(2) - (a(3) • a(3) 1 3.0) 
q - (2.0 • a(J) .. 'l I 210) - (a(2) • a(3J 1 J.o) + a(!) 
delta - 210 • q•"'l + 40 • p•OJ 
II (delta st. 0.0) then 

t)1M 100 
100 forma~· tbaa cubac bu two compln roots, and one real root·) 

pbi - atan2( -.qn{ -delta 1 21 O) . q) 
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c 
endlt 

re&urn 
end 

ll{phi.lt.O.O) plu=pha+pi 

amp - ~.0 • aqrt{-p I 30) 
x{l) - amp • coe(pha I 30) - a(3) I 30 
x(2) -a.mp • coa((pa - pba) I J.O) - a(3) I 3.0 
x(3) ... -amp • c08((pi + pha) I 30) - a(J) I 3 0 

eubrou,ine sorteagnl (a) 

do 200 •-1.2 
do 100 i-1.2 

ll(a(j).lt.l(j+1)) eaU swapacalar(a(J),a(j+1)) 
100 COI"Inue 
200 eoa&1nue 

c 

c 

c 

r~urn 

end 
eubrou&lne swapecalar (a, b) 

temp - • 
• - b 
b - temp 
re&ura 
ead 

....... 1(3,3) .... ~3) 

....... _ .. 1Adn(3) 

c iaili.UM ;~.,. 
c 

c 

iDd•1(1)-a 
illdn(2)-2 
illdn(3)-3 

c ••• , ,...... •114 ,... if ... ,.,4} 
e 

c 

It (1(1,1) .eq. 00) call IW&JI(1, 2, a, &Ddex) 
eaJI caiCii&ellYtcc( •· l'f'tc&, &d .. ) 
If (14.. a&. 0) 'b•a 

call 1Wap(2, 3, a., 111dl11) 
call calcea&ellYtcc(., eYtct, iliac) 

eadll 

c ... ,,.""'' "''"'"'•• c 

c 

c 

call wwcramble(nec,, &lldn) ......... 
end 
IIUbrou&lne IWap (k, I, a., &lldu) 

real'4 1(3,3) 
Ia..._.,,. a11dn(J) 

c •••• col••u 

do 200 •-1.3 
wmp - a(i. k) 
a(a, k) - a(i, I) 
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a(i, I) - t.omp 
200 coa\lnue 
c 
c 11110p row• 
c 

300 
c 
c apdoll 
c 

c 

c 

c 

do 300 a=l,J 
temp = a(k, 1) 
a(k, •l =- a(l, •) 
a( 1, i) =- temp 

I - &Ddex(k) 
aadn(k) - &Ddex(l) 
&adn(l) - 1 

re\ura 
end 
eubrou\lne calce•aenvect (a.. al, iliac) 

P_J .. a(J,J),t.I(J),ta(J),&IllYtne(J,J) 

ill .. - 0 

c illltillilf ..... , •• 
c 

do 100 a-1.3 
do 50 t-1.3 

&&~~nne( i.i)-o.o 
50 coa\laue 
100 coa\laue 

1.1anne(l, 1) - 1.0 I 1(1, 1) 
c 

c 

c 

300 
400 
c 

e 

·c 

c 

• .., - 00 
do 400 1-1.ll 

n(J) - 0.0 
t.l(i) - 0.0 
,, - I(J, ll ~ 1) 
do 300 •-l.ll 

II - a(A + 1, 1) 
li - a(a. n + 1) 
n(J) - ea(j) + ea • a~nverM(a, 1) 
af(j) :a ilf(Jl + fi 0 aiQYti"Se(j, 1) 
• .., - tal ... •i • alllvtrse(l. ll • fj 

t.l(a + 1) - -I o 
el(a ~ I) - -1 0 

II (D lt. 2) & :a a(D + I, D + I) 

If (at.( a - et.l) IL. O.OOS) then 
&lla& - D 
return 

end if 
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c 

425 
450 
c 

z =- 10 / (& - eat) 
aal1verse(i,J)-o.o 
do 450 i=-1,11~1 

continue 

do 425 i=-1,11+1 
a&l1verse(i, j) - a&11Yerse(i, j) + z • al(i) • ea(j) 

continue 

500 eGn&lnue 

c 

rtl\urn 
end 
eubroutlo• ullaCrambl• (vec:t, aDdu) 

real•4 vect(3),vt.mp(3) 
lft'"'-er•4 &Ddell(3) 
do 100 i-1,3 

Ytemp(iad•z(i)) nct.(i) 
100 eGfttlftue 

do 200 •-1.3 
nct(i)-Tc.mp(i) 

200 ooatlnue 

c 

c 

100 

c 

c 

l'ftura 
eod 

f'laoe&loa xmac (net) 

rea!"t nct(J) 

temp - oo 
do 100 i-1.3 

t.mp - temp ~ yect.(a) • nct.(a) 
coftt1nue 
&m .. - lqlt(temp) 
re~ura 

eod 
eubrout1oe docrOII(t.ra.cal,t.rr.ce2,a.mp,cn.) 

c~.O 

do 1000 i-1.a.mp 
cra.-cll*+tn.ce1(i) 'trace~i) 

1000 cootlnue 
retura 
eod 
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