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I. INTRODUCTION

Uver the past three years the U.S. Geological Survey has been
developing a program for the collection of sonobuoy seismic data aboard
the U.S.G.S. research vessel S.P. LEE, and for the subseqguent reduction
and analysis of those data. The sonobuoy seismic studies have been
conducted primarily over the Alaskan continental shelf and the contiguous
deep water basins, often in conjunction with multichannel seismic retflection
surveys. 1n this report, we wish to describe in detail the present
sonobuoy program, covering both the collection of data at sea and the
reduction and interpretation of data back in the office.

The report is divided into three sections. The first is a review of the
main principles of seismic refraction and wide angle reflection theory,
including background information for the specific techniques referred to in
the report. The second section describes the equipment currently available on
the S.P. LEE and contains an outline of the procedures that have been
developed for data collection. In the last section, the procedures and
computer program for digitizing, editing, reducing and interpreting the
sonobuoy field records are described, and instructions for their use included.
Following this section are numerous appendices containing program listings,
derivations, examples and other useful information.

In designing the current sonobuoy program, we are indebted to
investigators at Lamont-Doherty Geological Observatory and Woods Hole
Oceanographic Institute who laid the groundwork in this field of study. In

particular, we have adopted several procedures, especially in the area of data



reduction, from a report by S.T. Knott and Hartley Hoskins (1975). Their
technical report, which describes the sonobuoy program at Woods Hole, has

proved invaluable in our work.



II. THE SONOBUOY METHOD
General Technique

The routine use of sonobuoys in marine geophysical studies was developed
by Lamont-Doheriy Geological Observatory in the 1960's, following the initial
development of the technique by Hill (1963) in the post-war years. The method
proved to be an economical, dependable, and relatively quick technique to
determine velocity-depth variations within the sediments of marine basins.
Since that time, the sonobuoy profiling method has come into much greater use
in marine geophysics for the study of velocity distribution within not only
sedimentary basins, but within the oceanic crust as well. The sonobuoy method
enhances other standard vertical incidence seismic profiling techniques, by
providing velocity information which can be used to convert reflection time on
the vertical incidence record to true depth. The methods originally developed
at Lamont to record, reduce and interpret sonobuoy data are still the primary
basis for more recent work. Recent improvements in equipment and technology
have been responsible for increased interest in the method.

Basically, a sonobuoy is a free floating buoy that contains a battery
powered radio transmitter and a hydrophone. When the sonobuoy is dropped into
the water from a seismic ship, the hydrophone is released and sinks to a
predetermined depth. As the ship moves away, the seismic energy from the
ship-towed source (usually air guns or arcer) is detected by the hydrophone
and is relayed back to the ship by the radio transmitter for recording and
display (see Fig. 1). The sonobuoy is usually left to scuttle itself after
several hours, because retrieval is unfeasible. Sonobuoys are used to increase
the range over which seismic energy is normally collected (e.g. the length of

a towed hydrophone), thereby producing better reflection velocity information
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Figure 1 Schematic illustration of sonobuoy data collection,
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displayed graphically



from deep sedimentary and crustal layers, as well as detecting refracted
energy from these same deep layers. Before the development of sonobuoy
methods, refraction studies were limited to two ship operations, involving
high, often pronibitive costs. Now, these refraction surveys can be done
concurrently with other geophysical studies by using the relatively
inexpensive, expendable sonobuoys. Appendix A illustrates the types of
research problems for which the sonobuoy technique is well suited.

The use of high energy, rapidly firing, seismic sources, initially
developed for multichannel seismic reflection work, has dramatically improved
the quality of sonobuoy data. These sources provide a highly consistent and
conerent outgoing pulse. Consequently, the reflected and refracted arrivals
from deep as well as shallow sedimentary and crustal layers can easily be
identified when displayed on high density (40 shot traces per inch) graphic
recorders, often out to distances exceeding 40 kilometers. Figures 2 and 3
illustrate graphically recorded sonobuoy data using a large airgun source
(1326 cu in. = 5 gun array) in shallow and deep water areas respectively. At
the deep water station (Fig. 3), the large source provided sufficient energy
to penetrate the entire sedimentary section and refractions were observed from

sub-basement (crustal) layers down to and including the mantle.

Methods of Analysis

The analysis of wide-angle reflection and refraction seismic data is
normally based on standard ray tracing theory, which can be found in any text
on applied geophysics (Dobrin, 1960, ch 5, 6; Telford et al., 1976, ch 3, 4;
Officer, 1958, ch 2). LePichon et al. (1968) have applied the generalized
theory to the specific case of wide angle reflection data from sonobuoys.

Computer programs for analyzing both the sonobuoy wide angle reflection data









(LePichon's method) and the sonobuoy refraction data (general method) are
given by Knott and Hoskins (1975). We will summarize briefly the basis for
these methods.

The ray paths and the time-distance plots for seismic waves in a simple
two layer model (water overlying sediment) are shown in Figure 4. Three basic
travel paths are involved; the direct, the variable angle (wide angle)
reflections, and the refractions. The direct arrival is the energy that
travels through the water from the sound source directly to the hydrophone.

On the time-distance plot the direct arrival is a straight line; the slope of
this line is the reciprocal of the horizontal velocity of sound through the
water near the sea surface. The direct arrival can, therefore, be used to
determine the distance from the ship to the sonobuoy (the product of the
direct arrival time, Td, and the horizontal velocity, VH). In practice, it is
assumed that the horizontal water velocity, rather than the separation
distance, is known, primarily because navigational uncertainties and sonobuoy
drift introduce unknown errors into the separation distance. Once the
horizontal velocity is determined, through Matthew's Tables (Mathew, 1939;
also in Handbook of Oceanographic Tables, 1966), or similar tables (National
Ocean Data Center, 1968), or through surface temperature and salinity
measurements (including expendable bathythermographs: XBT's), then careful
recording of the direct arrival times obviates the requirements that both ship
navigation (course and speed) and buoy position remain constant during the
sonobuoy station. Small deviations in these parameters (ship course, speed,
and buoy position) will cause small changes in the slope of the direct arrival
trace, but these changes are irrelevant if the proper data reduction method is
used. See Appendix B for a discussion of sound velotity in water.

Seismic energy travels through the earth with a velocity which is



dependent not only upon the material through which it is travelling, but also
upon the manner in which it is propagating (e.g. compressional waves, shear
waves, etc.). Sonobuoy data can be used to determine: rms (for poot mean
square) velocity from wide angle reflections and head wave (also called
refraction) velocity from refractions.

The rms velocity is an "average" velocity for all the material (water
and rock) lying between the sea surface and the reflecting interface. This is
the same velocity that is determined through analysis of multichannel data,
but sonobuoy reflection data is collected over a considerably greater distance
(typically 6 km for a sonobuoy station in 300 meters of water). The theory
and geometry for determining rms velocity from wide angle reflections is
presented in Appendix D. Briefly, the curve on a time-distance plot( as shown
in Fig. 4) that results from a flat reflecting plane (boundary) is a

hyperbola:

LR L jz x© ()
rms

This equation is linear in X2 and T2, Therefore, if we measure the values of
X and T along an experimental reflection hyperbola and plot X2 versus T2, the
X2, T2 points will lie along a straight line. The slope of this line,
(1/v§ms) is the reciprocal of the square of the rms velocity (v, s), while the
intercept of the line with the T2 axis is the square of the minimum reflection
t ime (To) to the horizon. This plot is referred to as an X2 - T2 plot, and

2 velocity determination. The

this type of analysis referred to as an X2 -T
rms velocities from two reflecting horizons can be used to determine the
interval velocity (Vint) between those two horizons. The interval velocity,
which is the seismic wave velocity over a specific depth interval, can be

computed in either of two ways: the first employs an approximate method



sonobuoy launch

V! Seismic distance

v

\ critical distance
Uj, l

%,
wide ang) \ ’
Z \\\\\\

“time (t)

surface sonobuoy position —>

water
uaﬂoér
‘ \\ =~ -~ -
1 >~ Te-a
-~
! N Te~<
~ = -
| No T-~a
S
L . S o=
refiected energy
— . a— refracted energy
- e transmitted energy
Figure U Schematic diagram illustrating the relationship between

the seismic travel paths as seen on the graphic record
of a sonobuoy. Note that in this representation,
we've shown the source as stationary and the sonobuoy
position as variable. 1In practice just the reverse is
true, but the two cases are completely symmetric.

10



described by Dix (1955) while the second uses a more sophisticated ray tracing
technique described by Le Pichon, et al. (1968). The latter method is
described in detail in Appendix D, Part III, and is the basis for the computer
program SLOWI described later in this report (Section IV).

The refraction velocity is the speed at which seismic energy propagates
along an acoustic interface. With homogeneous layers, as in the model of
Figure 4, the refraction velocity is equivalent to the interval velocity in
the layer beneath the interface. In reality, however, an interval velocity
usually encompasses several discrete rock layers, and the refraction velocity
represents the "fastest" of those layers near the top of the interval.
Therefore, the refraction velocity tends to be higher than the associated
interval velocity. Furthermore, as pointed out by Knott & Hoskins (1975,

p. 6) "sediments frequently display velocity anisotropy, in which the velocity
of propagation along the bedding is significantly higher than the velocity
transverse to the bedding in the same material". Refractions only occur when
the interval velocity in the underlying layer is greater than the overlying
layer, and are not detected until the distance between the ship and the
sonobuoy exceeds the "eritical distance", as determined by Snell's Law. On
the time-distance plot (Figure 4), refractions appear as straight lines; the
slope of the refraction (1/v,..r) is the reciprocal of the refraction velocity.
When an acoustic interface produces both a reflection and a refraction, the
refraction appears as a tangent to the corresponding reflection on the time-
distance plot, and "peels off" from the reflector as a straight line. The
point of tangency is the critical point. Since the critical distance is the
point beyond which total internal reflection occurs (i.e. beyond which there
is no transmitted energy), the amplitude of the reflected arrival increases at

this point. This amplitude increase often helps identify the point at which

1M



the refraction arrivals should start to appear.
Figures 5 and 6 are synthetic plots of sonobuoy records in shallow and
deep water respectively illustrating these travel time curves and their

relationship.
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III. FIELD OPERATIONS

General Information

Knott & Hoskins (1975) note that there are three possible modes for
recording sonobuoys. The first is to have a free running source and a shot
actuated recorder; the second is to use a continuously running recorder
(controlled by a time base), which keys the source; and the third is to use
triggered recorders and triggered sources controlled by an independent timer.
The first system is used primarily by Lamont-Doherty (Knott & Hoskins, 1975,
p. 7), while Woods Hole relies exclusively on the second method. Because much
of our sonobuoy work on the S.P. LEE is concommitant with multichannel
operations, we use the third method almost exclusively. (In a few instances
during high resolution seismic surveys, the second method has been used.) In
standard operation, the navigation system generates a trigger pulse at 50
meter intervals that simultaneously fires the air gun array and starts the
graphic recorders for the sonobuoy. At normal operating speeds of 5.5 knots,
the airguns fire every 17 seconds. The airgun array used for our sonobuoy and
mult ichannel operations is a five gun tuned array with a total volume of
1326 cu. in., which is fired at a pressure of approximately 1800 psi. The
individual airgun sizes are 94, 148, 195, 309, and 580 cu in.

During field recording, the sonobuoy data is displayed in real time on
one or more graphic recorders and is simultaneously recorded on analog
magnetic tape. Figure 7 shows a schematic diagram of the current sonobuoy
system aboard the S.P. LEE and indicates the signal path for the seismic

information during recording of a sonobuoy.
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Equipment Description

Sonobuoys

The sonobuoys used aboard the S.P. LEE are of two basic types: those
purchased from private industry and those procurred from the U.S. Navy (see
Appendix A for criteria in deciding which type of sonobuoy to use). The
commercial seismic sonobuoys are available from Fairtield Industries, Inc.,
Fairfield Select Division, of Houston, Texas, and from Refraction Technology,
Inc. of Irving, Texas. Sonobuoys produced by the two companies are very
similar electronically, but differ in the design of the hydrophone suspension
system. Both companies provide the same options with buoys.

1. Radio frequency band

Each sonobuoy transmits on a specific channel, in either the low
frequency range (74-76 MHz) or the high frequency range (170 MHz). The lower
frequency range generally allows for longer broadcasting distances and
requires a larger antenna.

2. Hydrophone suspension

The sonobuoys are generally equipped with variable length hydrophone
suspensions ranging from 30 to 240 foot depths. The longer suspensions (i.e.
deeper hydrophones) generally give better isolation from surface noise.
However, the thermal density (velocity) stratification in the upper part of
the water column can cause the direct arrival to be totally reflected away
from a very deep hydrophone (refer to App. B).

3. Delayed hydrophone release

When sonobuoys are deployed during multichannel operations, a delay
mechanism for the sonobuoy hydrophone release is used to avoid fouling the
sonobuoy on the multichannel streamer. A 20 minute delayed hydrophone release

timer is provided with each sonobuoy to allow sufficient time for the sonobuoy
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to clear the end of the multichannel streamer. The timer may be disabled for
sonobuoy deployment during single channel operations.

4, Amplifier gains

Commercial sonobuoys are available with either fixed gain or automatic
gain control amplifiers. Most buoys now in use on the S.P. LEE are fixed gain
type, which allow greater control of recording gains on both the graphic and
tape recorders.

The Navy sonobuoys used on the LEE have been either SSQ-41A or SSQ-41B.
The SSQ-41A sonobuoys have a higher frequency response and shorter antennas
than the commercial seismic buoys. Consequently, the seismic range of the U41A
buoys is less than the commercial buoys and low frequency seismic information
from deep interfaces is lost. The SSQ-41B sonobuoy is basically a 41A that
has a lower frequency response, roughly equivalent to the commercial buoy.
Because both types of the Navy sonobuoys have a high frequency bandpass
filter, they generally provide a.strong direct arrival signal, as well as
excellent resolution at shallow depths. The poor low frequency response of
the SSQ-41A sonobuoys make them less suitable for studying deeper reflections
and refractions. All Navy sonobuoys are equipped with standard 300 foot
hydrophone lower and have no delayed hydrophone release timer. However, since
the hydrophone assembly is readily accessible, if necessary it can be tied off
at a shallower depth, or a "lifesaver" delayed hydrophone release can be
installed. Great care should be exercised when using the Navy sonobuoys
concurrently with multichannel operation, because of the risk of damaging the
mult ichannel streamer with the sonobuoy hydrophone cable.

Receivers
The signal transmitted from the sonobuoy is received on ship by one of

two Yagi antennas mounted on the aft mast; separate antennas are required for

18
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low and high frequency sonobuoys. The high frequency signal passes directly
to the receiver, while the low frequency signal is preamplified before
entering the receiver.

Two Aquatronix (now Fairfield Select, Inc.) mainframe receivers, each
containing two separate crystal controlled receiving modules can be used to
receive either commercial or Navy sonobuoys. Since sonobuoys with different
transmitting frequencies can be received simultaneously by the two modules in
both receivers, four separate sonobuoys can be received simultaneously with
this equipment.

Within the receiver, the unprocessed sonobuoy signal is passed through a
series of filters and amplifiers. The radio signal is first passed through a
5 Hz lo-cut filter and gain amplified. The signal is then split into two
components: the seismic signal, 5-62 Hz, and the waterbreak signal, 800-

1200 Hz. The seismic component is passed through a variable hi-cut filter,
while the waterbreak component is amplified ¥ 20 db with respect to the
incoming signal. The two components are then recombined and output to the
recorders, and are also output separately as amplified output and waterbreak
output. Figure 8 shows the receiver circuit schematically.

A third receiver, made by Nems-Clarke, Inc., which can be selectively
tuned to any sonobuoy transmitting frequency, is used primarily as a backup
unit. The demultiplexed signal from the Nems-Clarke receiver is fed into the
filter-amplifier circuitry of the Aquatronix receiver through the auxiliary RF
input to take advantage of the bandpass filtering and mixing capabilities of
the Aquatronix receiver (see Figure 8).

Analog Tape Recorder
All sonobuoy data is recorded both on graphic recorders and analog

magnetic tape. The tape recorder used is the Hewlett-Packard 39684, a
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quarter-inch eight track instrumentation tape recorder capable of recording
either FM or Direct (AM) modes. In single buoy operations, the channels are
generally assigned in the following manner:

Channel 1 (FM): vertical incidence single channel seismic, from either
single channel system and Teledyne amplifier, or a
monitor channel from the multisystem

Channel 2 (FM): unfiltered sonobuoy seismic; from the seismic monitor of
the sonobuoy receiver (see Fig. 8)

Channel 3 (FM): filtered sonobuoy seismic; from the filtered output of
the sonobuoy reciever (see Fig. 8)

Channel 4 (FM): amplified sonobuoy seismic; from the amplifier output of
the sonobuoy receiver (see Fig. 8)

Channel 5 (FM): tape recorder precision drive frequency; an internally
derived crystal frequency for playback control (see page
22)

Channel 6 (FM): airgun trigger; trigger pulse from the multichannel
trigger box, which also triggers the graphic recorders

Channel 7 (Direct): waterbreak output; filtered (800-1200 Hz)
output from the sonobuoy receiver (see Fig. 8)

Channel 8 (Direct): voice channel and WWV time record

The magnetic tape used for sonobuoy recording is 1/4 inch, 1/2 mil
thick instrumentation magnetic tape. The tape is intermediate band (DC-

20 kHz), which is completely satisfactory for sonobuoy recording and a

fract ion of the cost of wide band instrumentation tape. The tape

recorder requires 7 inch tape reels, which will accommodate 3500 feet of

1/2 mil tape.

The 3968A is a six speed recorder, with a range from 15/32 to 15

21



inches per second. We generally record all sonobuoys at 3 3/4 ips.

This, is the lowest tape speed which will allow seismic information (5-
62 Hz) as well as the waterbreak signal (800-1200 Hz) to be recorded on a
single FM tape channel. At this speed, a 3500 foot tape (7 inch reel)
will last for about 3 hours, usually long enough for one sonobuoy
station, especially in shallow water. However, longer range sonobuoys
may require two tapes to record the distant refractors. The problem of
switching tapes can be avoided by reducing tape speed to 1-7/8 ips. In
order to preserve the direct arrival (waterbreak) at the lower tape speed
(FM bandpass at 1-7/8 ips is DC-625 Hz), the waterbreak (Channel 7) must
be mixed with the sonobuoy seismic (Channel 3) when the tape is replayed.

To insure accurate replay of recorded sonobuoys, it is necessary to
devote one channel (FM or Direct) to record the precision drive frequency
generated by the tape recorder. The precision drive frequency is used to
phase lock the capstan motor during replay, thereby compensating for
small deviations in tape speed that occurred during recording. A channel
near the center of the tape (track 4 or 5) should be used for this
purpose, and if an FM channel is used, the board must be modified
slightly. Instructions for recording the precision drive frequency are
found on pages 64-67 of the Operating and Service Manual.

Since the 3968A recorder can record and playback simultaneously,
the data going onto tape can be monitored in real time if the seismic
channel (Channel 4) and the trigger pulse channel (Channel 6) are input
to a graphic recorder. The disadvantages of this procedure are that the
recorded signal may be slightly inferior to the original signal, and that
a malfunction in the tape recorder will result in complete loss of

information. We normally make two records, one using output directly
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from the receiver and the other using output from the tape recorder.

The tape recorder should be maintenanced periodically, particularly
when undergoing heavy use. Routine maintenance is covered on pages 50-55
of the Operating and Service Manual. The most critical maintenance
function is careful cleaning of the tape heads and drive capstan after
every sonobuoy station. Oxide buildup on the record heads can seriously
degrade the record quality, while oxide buildup on the capstan drive will
cause tape slippage. The problem of capstan slippage may become so
serious that the tape will stop completely while the capstan continues to
spin. Another advisable procedure is to periodically degauss the tape
heads.

Graphic Recorders and Recording Techniques

The filtered output (5-62 + 800-1200 Hz) from the sonobuoy
receivers is displayed in real time on one or more Raytheon Universal
Graphic Recorders (UGR's). These dry paper, fascimile recorders are
capable of operating in either a continuous mode or a start/stop mode, at
sweep speeds ranging from 1/4 to 8 seconds. Normally, sonobuoys are
recorded in the start/stop mode with sweep speed of either 6 or 8
seconds. The recorder sweep is initiated by a trigger pulse from the
navigation system, which also triggers the airguns. Because of
mechanical delays in firing the airguns, there is usually a small time
delay between the air gun fire and the sweep trigger.

When recording sonobuoys in deep water areas, a sweep start delay
of between 0.1 and 9.9 seconds is used to eliminate recording the water
path travel time. This delay option is only possible in the start/stop
mode, and makes it possible to record continuocusly a "full page" of

seismic information. Whenever the seismic data approaches the bottom of
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the record, an additional delay is added and the seismic data is shifted
up the record. This procedure allows us to obtain a complete and
continuous record of both the seismic and direct traces which is free
from having an overprinted multiple trace. Such a record is not possible
in a "continuous" record mode.

There are two limitations to the start/stop recording technique.
The first is that the total time (delay plus sweep) cannot exceed the
fire rate, otherwise the recorder will miss every other shot and the
vertical exaggeration of the record will change. For example, with an
eight second sweep and a 17 second fiire rate, the maximum allowable delay
(for removing the water travel time) would be 8.9 seconds (.1 second must
be allowed for the recorder to stop and prepare for the next trigger.

The second limitation is encountered on very long sonobuoys, when the
direct trace goes off the bottom of the record because an additional
delay would either exceed the fire rate and cause missed shots or would
shift seismic information up and off the top of the record.

The resolution and vertical exaggeration of the graphic sonobuoy
record depend on three parameters: recorder sweep speed, recorder paper
feed and the seismic shot interval. These factors must be optimized to
obtain a record that has low vertical exaggeration, provides good
resolution of reflectors, and contains all the seismic data of interest.
Often, two records with different parameters must be made to satisfy this
object ive.

The resolution of the sonobuoy record depends on the sweep speed of
the graphic recorder. Knott & Hoskins maintain (p. 18) that a sweep
speed of at least 7 em (2.7 in.) per second is necessary to obtain

measurements to ¥ 3 m sec required for reliable analysis. With our
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digitizing system, a slightly smaller scale appears to be sufficient.
The paper for the UGR recorder is 48 cm. (19 in.) wide, so a six second
sweep is 8 cm/sec, while an eight second sweep is 6 cm/sec. With normal
sonobuoy operations, either one of these two sweep speeds will provide
adequate resolution. The eight second sweep speed is preferable in deep
crustal velocity studies because of the longer recording period that is
possible.

The vertical exaggeration of the sonobuoy record depends on both
the recorder paper feed and the seismic shot interval. A lower vertical
exaggeration makes it easier to correlate events from one sweep of the
recorder to the next. During multichannel operation, the seismic shot
interval is fixed by the multichannel system, usually at 50 meters. With
the single channel system, however, almost any shot interval can be used
subject only to the recharge capability of the air gun compressors. In
the start/stop mode, the optimal shot interval is the shortest time
between shots that will give a complete record of the seismic section at
large distances from the buoy. This interval depends on water depth,
sediment thickness, anticipated sub-crustal seismic penetration, etc. In
the continuous record mode, the optimal shot interval is the shortest
possible time between shots (see Knott & Hoskins, 1975, pp. 16-24). The
paper feed on the UGR‘recorders, which ranges from 40 to 120 lines per
inch, is coupled to the pen sweep, so that whenever the pen sweeps, the
paper feeds. The maximum feed rate, 40 lines per inch, is advisable when
recording sonobuoys because it gives the lowest vertical exaggeration and
it will facilitate the counting of individual seismic traces during the
data reduction.

Vertical exaggeration is an important consideration when dealing
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with wide angle reflection records. Refractions are easily correlated at
even high vertical exaggeration, but wide angle reflections become
difficult to distinguish énd pick when the curvature of the reflectors
becomes too steep. Vertical exaggeration can be expressed as the angle
that the direct arrival makes with the edge of the paper ('&K', Fig. 6).
For reasons relevant to their own processing technique, Knott & Hoskins
(1975, p. 18) suggest that this angle be less than 45°. We have found
that an angle of 18° is quite satisfactory. The 18° angle is obtained on
our records using an eight second sweep speed, a feed rate of 40 lines
per inch, and a 50 meter fire interval. An angle of as little as 13° is
also satisfactory, but anything less make correlation of successive sweep
difficult. To determine what this angle will be for different recording

parameters, use the equation

sw
VK ¥SS K O.0O0LHTT (2)

o = arc 'L’an [

where
K = angle of direct trace

SW = sWeep speed

n = number of lines per inch

r = fire rate (in seconds)

ss = ship speed (in knots)

Sonbuoy Preparation and Launch

A number of steps must be completed in preparation for the launch of a

sonobuoy. These steps are summarized in the accompanying checklist, Table 1,

and it is advisable to follow such a checklist when preparing to deploy a

sonobuoy.
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6.

7.

TABLE 1

Checklist for sonobuoy preparation and launch

Prelaunch check of sonobuoy

a.

b.

If possible, start transmitting on deck to ensure that sonobuoy
batteries are working and that the selected crystal frequency is
correct.

Check the hydrophone lower depth and delayed release timer

Notify radio officer and bridge of intent to deploy buoy

Fill out log forms

Prepare analog tape recording system

a.
bo
Ce.

Start

Voice introduction, including date, time, identification, etc.
Set footage counter
Check input levels on each channel

recording vertical incidence seismie on tape and graphic recorders

Prelaunch lab check

-

Ensure that the correct crystal is being used in the receiver
and that all recorder inputs are coming from the receiver module
used

Ensure that the correct initial settings (gain, hicut filter,
waterbreak gain) have been set on the receiver

Ensure that antenna preamp gain has been turned down (for low
frequency sonobuoys)

Check signal paths (seismic signal and triggers) to both graphic

and analog tape recorders

Proceed with countdown to launch

a.

Radio operator on deck counts down airgun shots, and reports

when the sonobuoy is in the water and adjacent to the airguns

Lab procedure:

1. Record start of countdown on tape

2. Set correct feed rates on recorders

3. Set proper display mode on recorders

4. Switch recorder input from vertical incidence seismic to
sonobuoy seismic

S. Mark the first trace (when sonobuoy at airguns) on the recorders

6. Record time and footage reading in log and on tape recorder
7. Retune the sonobuoy on the receiver

8. Adjust the graphic recorders for optimum display
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(1) Prelaunch check of the sonobuoy

In preparing commercial sonobuoys for launching, it is advisable to
attach the antenna securely to the sonobouy case with fiber tape and seal the
base with polyvinyl chloride (PVC) glue to avoid antenna breakage or water
leakage. The hydrophone release should be set to the desired depth (refer to
App. B for criteria) and the timer activated or deactivated as required. If
possible, the sonobuoy should be activated on the deck, to allow checking the
sonobuoy batteries, receiver crystal, etc. If anything appears to be wrong
with the sonobuoy, it is advisable to stop the entire operation until the
problem is corrected or the sonobuoy is replaced.
(2) Notify radio officer and bridge

Both the radio officer and the bridge should be notified at least 10
minutes prior to the deployment of a sonobuoy. Some types of radio
transmission will interfere drastically with the sonobuoy signal, and the
notification will allow the radio officer time either to complete the
transmission or to postpone it until after the sonobuoy station. Since a
sonobuoy station may last for several hours, it is courteous to give the radio
officer up to several hours warning of a sonobuoy station so that the
transmitting schedule can be altered accordingly. The bridge should be
notified before any activity on the fantail, especially deployment of
equipment. In addition, the bridge should be notified prior to a station so
that speed and course changes will be avoided if at all possible. 1In this
regard, it is also helpful to notify the navigation watch so that course or
speed changes will not be requested from the lab.
(3) Fill out log forms

Log forms, as shown in Figure 9, should be prepared for each sonobuoy

prior to launch. These forms contain all information essential for later
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Figure 9 Example of sonobuoy station log. Sonobuoy recorded
on two recorders (0-6 and 4-12 seconds) with under-
way multichannel operations.
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reduction and interpretation of the sonobuoy. In addition, the logs serve the
very important function of verifying claims in the event of a sonobuoy
failure. The entries on the log forms are all straightforward. Two entries
worth mentioning are the water depth, which should be noted in two way time
from the bathymetry record, and the horizontal velocity of sound in water, vy,
which appears on the satellite navigation terminal output.

(4) Prepare analog tape recording system

First, tape heads and drive capston should be cleaned, if necessary (see
p. 23). Then, a new, properly labeled tape should be mounted on the recorder
to record vertical incidence seismic prior to the launch of a sonobuoy. It is
advisable to record pertinent information on the voice channel, i.e.
informat ion such as c¢ruise identification, sonobuoy station number, time, tape
recorder channel designations and area. The footage counter on the recorder
should also be set to zero and noted on the tape. Finally, the tape speed
should be checked, usually 3 3/4 ips.

When vertical incidence seismic recording is underway, the input levels
for each tape recorder channel should be measured with an oscilloscope and
reset if necessary. Most important are the seismic channels and the trigger
channel. The seismic channels should be adjusted for maximum gain without
clipping the signal, while the trigger pulse should be adjusted so that at
least a 2 volt signal is recorded. The Raytheon recorders require a two volt
trigger. Having set the input gains, you should then look at the output
signals (the recorder can record and playback simultaneously). This will
insure that the signal being recorded will be useable for playback at a later
date.

(5) Preparation of Graphic recorders

33



In most operations, when not recording sonobuoys, the graphic recorders
are being utilized for display of other seismic data. Therefore, prior to a
sonobuoy station, the seismic data being recorded should be interrupted, the
paper advanced several inches, and the start of the sonobuoy station clearly
marked, along with time, scale, and filters or source, if necessary. The
recorder should then be set up to record vertical incidence seismic,
preferrably using the same initial delay and sweep rate that will be used to
record the sonobuoy.

The input for the UGR will come either directly from the sonobuoy
receiver, or will come from the output of the tape recorder. Make certain
that the trigger pulse to initiate the recorder sweep is consistent with the
signal, i.e. if the signal is coming from the tape recorder, then the trigger
input to the UGR should also be the output from the trigger channel of the
tape recorder. Failure to match the signal and trigger pulse will create a
recording offset because of the finite distance between the write and read
heads of the tape recorder.

In shallow water, one graphic record is sufficient to record all data.
If one recorder is being used to display the tape recorder output, it is
advisable to make two graphic records, to protect against complete loss of
data in the event of tape recorder malfunction. In deep water areas, it is
usually necessary to record the sonobuoy on two separate graphic recorders.
This is due to the long water path. In 5 seconds of water, even an 8 second
record will provide only 3 seconds sub-seafloor. This problem can be
circumvented by introducing a deep water delay, and recording from 4-12
seconds. Therefore, two recorders are necessary: one to record the direct
arrival and seafloor (0-8 sec or 0-6 sec) and a second to record the complete

sedimentary section.
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Generally, we make a 0-6 second record and a 4-12 second record in deep
water areas. Both records are used in subsequent digitizing of the wide angle
reflections, so it is essential that both are correctly marked, particularly
that the zero trace (the closest approach of the sonobuoy to the airguns) is
marked on both records. It is also helpful to periodically make simultaneous
marks on both records to insure correct correlation of seismic traces during
the data reduction.

(6) Lab prelaunch and launch

Proper preparation of all equipment prior to the actual launch of a
sonobuoy is the key to success! While the sonobuoy is on the deck the
receiver in the lab should be tuned to the transmitting frequency of the
sonobuoy to verify that the buoy is transmitting properly at the crystal
frequency or channel marked on the sonobuoy (the channel markings are
occasionally incorrect). The controls on the front panel of the receiver
(gain and filter settings) should be initialized (see Log form, Figure 9, for
example) and the antenna preamp (if using a low frequency sonobuoy) should be
adjusted to a low gain setting. It is advisable also to check all signal
paths, to ensure that the correct receiver and module are being recorded, and
that the trigger pulse is correct. All input signals going onto tape should
be checked with an oscilloscope. This ensures that the recording levels are
in the proper range (maximum gain without clipping of the signal) and that the
proper signals are actually being recorded.

If possible, launching the sonobuoy should be a three person operation;
two people on the fantail and one person in the lab. Radio contact is
desirable, but careful planning and coordination may suffice. The two people
on the fantail should wear survival gear, and the person who actually launches

the sonobuoy should be secured by a safety harness. The second person on the
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fantail coordinates the launch by radio. Once everyone in the lab and on the
fantail are ready, a countdown of airgun shots can commence. This countdown
enables the person in the lab to prepare for and determine the precise time
that the sonobuoy will be in the water and adjacent to the airguns.

During the countdown period, several actions must be completed by the
lab person. A countdown of the shots on the voice channel of the tape during
this time will prove invaluable upon later replay of the tape. Two airgun
shots before the launch, the feed rate on the recorders should be increased
(to 40 lines per inch) and the input signal to the graphic recorders switched
to display the sonobuoy seismic rather than the vertical incidence seismic.
When the sonobuoy is in the water and at the airguns, event marks should be
placed on the graphic recorders and simultaneously a voice annotation made on
the voice channel of the tape recorder that "the sonobuoy is at the guns". As
soon as possible thereafter, the reading of the footage counter on the tape
recorder and the launch time should be noted in the logs. Next, the graphic
recorders should be adjusted for the sonobuoy signal; the receiver should be
checked to ensure that the sonobuoy is properly tuned and that the AFT is
tracking the radio signal; and the tape recorder output signals again checked
with the oscilloscope to guarantee that all signals are being recorded

properly (without clipping) on the tape recorder.

Underway operations

While the sonobuoy station is underway, there are several items that
require monitoring. Initially, one must watch the RF signal strength
carefully and keep the antenna preamplifier as high as possible without
overdriving the reciever (for low frequency sonobuoy only). The signal levels

being recorded on tape should also be rechecked periodically and adjusted if
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necessary. As the station progresses, the gain on the receiver should be
increased as the signal strength diminishes, and the hicut filter can be
lowered to enhance the lower frequencies in the seismic signal. All changes
should be noted on the log sheet as well as on the voice channel of the tape.
If more than one recorder is being used, it is important to periodically
(every 10 or 15 minutes) mark the same trace on all records with the event
mark.

After 20-30 minutes, it may be necessary to introduce a sweep delay to
the record. Generally, it is important to keep the direct arrival on the
record, as well as all the seismic information. Continue to increase the
delay until either the maximum allowable delay (dictated by the fire rate) is
used, or until the direct trace and the seismic traces can no longer be kept
on the record at the same time. A change in the amount of delay should always
be accompanied by an event mark on the record. This will facilitate later
preparation of the record, when it must be cut at these delay changes. This
preparation will also be greatly facilitated if the amount of delay is a
fraction of the integral number of time lines. (For example, on a six second
record, time lines are generated by the UGR every 0.6 seconds. Therefore,
successive delays should be integral multiples of this: 0.6, 1.2, 1.8, etc.)
Using these fractional delay times will make it easier to align the section
when constructing the complete sonobuoy record.

If the sonobuoy is deployed during multichannel operations, particularly
for sonobuoys on the shelf, it is helpful to obtain wiggly trace camera
records from the GUS 24 channel system. These records enable the
identification of shallow reflectors and the definition of reflectors which
may be obscured at the beginning of the sonobuoy station.

Generally, all sonobuoys are recorded until radio signal is lost, or
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until it is clear that no additional seismic information is forthcoming. It
is always advisable to continue recording until long after the buoy appears to
have stopped sending useful information. We have found that atmospheric
"skipping" of the radio signal often will provide small windows of seismic
information well beyond the normal range of the sonobuoy. Later replay or
processing may illuminate previously obscure information. In the course of
very long sonobuoys, more than one reel of magnetic tape will be required for
a single station. The tape change should be accomplished as quickly as
possible to avoid obvious loss of information. The number of shots missed in
changing reels should be accurately counted and noted in the log.

When the sonobuoy station is completed, the radio room and bridge should
be notified so that the may resume their normal operations. The navigation
watch should also be notified, so that necessary speed or course changes can
be ordered. Upon completion, it is also useful to mark the start and end
t imes of the station on the vertical incidence records. This will help locate
the station later when the vertical incidence record must be referred to for

dip information.

Replaying analog tapes

Replaying sonobuoy tapes is most easily done during the cruise while the
necessary equipment is available and operational. The playback time can be
reduced considerably if the sonobuoy tapes are replayed at higher speeds than
those at which they were recorded. We normally replay our buoys at 15 ips,
which is 4 times faster than the recording speed of 3 3/4 ips. To produce an
equivalent sonobuoy record at the higher playback speeds, both the filter
settings on the external Krohn-Hite filter and the sweep speed on the UGR must

be changed by the appropriate fraction: playback speed/recording speed. On
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playback, the filter settings should always be higher and the UGR sweep speed
should be lower than the equivalent original sonobuoy record. At 15 ips we
use Khron-Hite filter settings of 20-240 Hz to get a 5-60 Hz record and we use
a sweep speed of 2 seconds to get an 8 second record.

Since the reason for making replays is to recover information that may
have been lost or obscured on the original record, it may not be necessary to
replay the sonobuoy if the original record is good. Some enhancement of the
seismic data is possible by using different filter settings during replay. We
rout inely make one replay that is filtered to contain only the waterbreak
channel (600-1200 Hz) so that the accurate direct times, often not available
on the original record, can be determined.

For accurate replays, insure that the tape recorder is using the
precision drive frequency that was recorded on the tape during the sonobuoy

station.
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III. REDUCTION AND INTERPRETATION OF FIELD RECORDS

Shipboard Interpretation

Preliminary analysis and interpretation of sonobuoy records may be done
onboard ship with a few drawing supplies (Mylar, straight edge, pencil) and a
hand calculator. Refraction records are straightforward since velocities can
easily be determined from the ratio of the slope of the refractor to the slope
of the direct arrival. The depths to the refractors can then be computed
using the refraction velocities and the refractor intercepts at x = 0 (nearest
approach of the sonobuoy to the sound source). An approximate technique for
determining interval velocities from the wide angle reflection records can
also be done onboard ship. Velocities (rms) for successively deeper
reflect ing horizons are first determined by a graphical method, and are then
used in Dix's equation for computing the interval velocities. Detailed
procedures for shipboard analysis of refraction and wide angle reflection data

are given in Appendix C.

Office Procedures
Careful analysis of the sonobuoy records can be done only in the office
where special digitizing and computer facilities are available. The analysis

procedure involves five basic steps:

Processing Step System/Procedures Used Pages/Appendix
1. preparing the records done by hand §1-42
2. choosing and tracing done by hand y2-4y

seismic horizons
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3. digitizing and TEKTRONIX 4051: interactive 44-61/F,J

editing seismic BASIC programs REFRACT LINDIGIT
horizons and S10DIGIT

4, processing the HONEYWELL 68/80 MULTICS 62-65/H,K
digitized data on System: FORTRAN Programs
MULTICS (to determine LINFT and SLOWI
velocities and depths)

5. interpreting the done manually and with b6-68/1,L
computer results FORTRAN programs POLYFIT

and SONOMODEL

A complete sequential listing of all the computational steps is given in
Appendix E,

Preparing the Records

Once the sonobuoy records have been excised from the seismic reflection
rolls (easily done onboard ship) they should be mounted on a stable backing
(48" wide, heavy brown wrapping paper works well). Records that contain time
shifted data must be carefully cut along a single vertical trace at the time
shift. Use a good pair of scissors and a steady hand, or a straight edge and
an exacto knife. The cut sections are then time shifted, aligned so that
timing lines are parallel, and taped to the backing. The sections must be
shifted and aligned very carefully because the digitizing and computer
processing techniques are highly sensitive to discrete shifts in the
reflect ing, refracting, or direct arrival traces. The record is then covered
with a sheet of clear mylar acetate (3 mil thick), that has been "cured" for
shrinkage. (Leave the unrolled sheet of mylar on a flat surface for a few
days before using.)

All interpretatons and reference lines should be drawn on this overlay
with drafting pens (point 00 or smaller). The horizontal timing lines, the
initial trace (the closest approach of the sonobuoy to the source) and a

reference dot on each corner of the record should be drawn on the overlay for
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later orientation. The UGR recorders do not draw either the uppermost of
lowermost horizontal time lines, so these must be determined using a Gerber

scale or ten point dividers.

Choosing & Tracing Seismic Horizons

Next, the seismic traces should be marked on the overlay. The seismic
arrivals generally consist of a complex wave train, and it is important to
pick the same phase of the wave on successive recorder sweeps. The use of
transparent colored inks (red, blue, violet) leaves the phase clearly
discernable beneath the inked line. Because the ink tends to spread on the
acetate, it is advisable to use the narrowest drawing pen available.

The direct trace should be drawn and extended back through the initial
sweep trace. The intersection of these two lines (the initial sweep and
direct tract) is the time origin of the sonobuoy record. If the sonobuoy
hydrophone had been precisely adjacent to the airguns on the first sweep, and
if the air guns and the recorder had been triggered simultaneously, this
intersection would correspnd exactly to the time origin of the graphic
recorder. Thus, any difference in zero times results from delays in the
timing and recording circuitry and from a difference between the depth of the
sonobuoy hydrophone and the airgun. When drawing the direct trace, be aware
that slope changes in the direct arrival trace may occur; these result from
small relative course or speed changes during the sonobuoy station.

The refractors can be drawn next. In shallow water (less than
300 meters), this is a relatively straightforward process, because all
refractors appear as first breaks on the record (see Figs.2 and 5). On

records from stations in deeper water, however, shallow refractions do not
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always come in as first breaks, but may be masked by refractions from deeper
horizons, (Figs. 3 and 6). Therefore, care must be exercised when picking the
deep water records to guarantee that all possible refractors have been marked.

Generally, shallow water sonobuoy stations (less than 300 meters)
produce good refraction records, but do not yield useable wide angle
reflect ion records. Because the moveout of a reflection hyperbola occurs
rapidly for shallow reflectors, the reflection information is usually
impossible to read from the high vertical exaggeration sonobuoy records. As a
general rule, the horizontal distance over which useful wide angle reflection
information can be collected is equal to twice the water depth. With a 50
meter sample interval, measurement of wide angle reflections does not become
feasible on the sonobuoy records until the water depth exceeds 1000-15000
meters, and is best done in the deep ocean basins (greater than 3000 meters of
water).

Even on a good quality sonobuoy record, there may be a multitude of
possible reflection traces to pick, primarily because the reflection section
is often complicated by multiples and artificial "bubble pulse" reflectors.

In the absence of other information, it is permissable to pick all possible
reflections and rely on later editing to identify and remove the questionable
traces. This is a time consuming process, however, and a preferable method is
to establish initial criteria to determine which reflection traces should be
picked.

The first criteria involves choosing those reflection traces which have
associated refractors. A refractor, once identified, usually can be traced
back to the reflection to which it is tangent. As mentioned earlier (p. 11),
assignment of the refraction to the correct reflection hyperbola may be aided

by noting which reflection hyperbola undergoes an abrupt increase in
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reflect ion amplitude near the point of tangency. Computer results from the
refract ion data, if available, can also be used as a guide in determining the
normal incidence time to the refracting horizon. The normal incidence times
to the refractor (from the refraction solutions) should be compared to the
vertical incidence seismic reflection profile recorded just prior to launching
the sonobuoy to locate the correct reflecting horizon.

A second criteria is that all prominent reflectors observed on the
reflection profile (ideally a processed multichannel record) over the sonobuoy
station should be picked on the sonobuoy record. Artificial reflections are
somet imes suppressed on the vertical incidence record, making it easier to
pick out the real reflections. The real reflections can be identified on the
early traces of the sonobuoy record.

A final criteria can be employed if there are several sonobuoy stations
that are close together. Reflectors can often be correlated from one station
to another, assuming that reflectors in the region are continuous.

Correlating reflectors between stations will not only aid in picking the
records, but will benefit the interpretation by producing a more realistic

picture of the sub-surface velocity structure.

Digitizing and Editing Seismic Horizons

Once the sonobuoy record is prepared and marked, the interactive
computer programs for the TEXTRONIX 4051 System are used to digitize the
sonobuoy record. Refractions and wide angle reflections are digitized
separately, using two different programs LINDIGIT and SLODIGIT. In the
following sections, we first describe the machine on which the digitizing is
done (the hardware) and then describe the computer programs which have been

written to perform the digitizing (the software). Appendix G contains
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examples of the digitizing programs, while Appendix J contains program
listings.

In the past, digitizing the sonobuoy records was a time consuming
process that had to be done manually. The time pairs were measured off the
record using a Gerber scale, then recorded on computer coding forms,
keypunched, and read into the computer. Now the process is semi-automated and
relatively fast. The individual points are picked by hand using a cross-hair
cursor and a digitizing tablet. The position of the digitized point on the .
sonobuoy record is automatically input to the minicomputer program and is
stored in the memory. The minicomputer program also allows interactive
editing of the data points before the program writes a final data set on
magnetic tape. The final data set is, in turn, transferred to and used by the
U.S.G.S. Honeywell computer (MULTICS) to complete the data reduction.
Simplification of the numerous intermediate steps (coding, keypunching, card
reading, etc.) has substantially decreased the time necessary for processing
a sonobuoy record.

The computer programs for digitizing the sonobuoy records are written in
a modified BASIC language for a Tektronix 4051 Graphics System. Two pieces of
peripheral equipment, a Graphics Tablet (Tektronix 4956) and a Digital
Cartridge Tape Drive (Tektronix 4924) are used by the Graphic System during
the digitization process. A third peripheral device, a Hard Copy Unit
(Tektronix 4631) is useful, but not required, for copying information from the
CRT screen. The 4051 Graphic System must be equipped with 16k bytes of
memory, a binary program loader, and a data communications interface in order

to run the programs ahd communicate with the MULTICS computer.
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General Notes on the Tektronix System

Before using the sonobuoy digitizing programs, it is helpful to become
acquainted with the Tektronix 4051 through the Graphics System Tutorial,
available on the Plot 50 Systems Software Tape. To get started, turn the 4051
on (the switch is under the console on the rignt) and allow the machine a few
seconds to warm up. (The screen will become bright, and can be cleared with
the "HOME PAGE" at the upper left of the keyboard). Insert the Systems
Software Tape and pr-ess"AUTOLOAD"(at the upper rignt of the keyboard). The
program will enter an interactive mode. To the first question reply "4" and
press "RETURN". This will initiate the tutorial.

During the tutorial, you may wish to retain a copy of the information on
the screen. This requires that the hard copy unit be on and warmed up (5-10
minutes in advance). Then, the screen image may be copied by pressing "MAKE
COPY" (at the upper right of the keyboard) or the button on the hard copy

unit. The "light-dark" control adjusts the intensity of the copied image.

Digitizing Programs

The digitizing programs written for the 4051 are completely interactive.
All input is requested through the program, and is entered from either the
terminal console or the Graphics Tablet. All console input is free format.
Program output is sent either to the terminal CRT screen or, if requested, to
magnetic tape through the auxiliary tape cartridge drive. Permanent record of
output to the CRT screen is possible only with the hard copy unit.

The final output data set is written to and stored on the data tape in
the auxiliary tape drive. This data set is subsequently transferred to the
MULTICS computer system for reduction. Each data set is written on a separate
tape file, which must be marked prior to writing. The digitizing programs

will mark the tape file automatically if requested. Previously marked tape
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files may be overwritten without disturbing the data on the rest of the tape.
MARKING A NEW TAPE FILE, HOWEVER, WILL DESTROY ALL SUCCEEDING TAPE FILES!!
Therefore, care must be taken to maintain a record of the tape files
previously used, if several data sets are written on the same tape before they
are transferred to MULTICS for permanent storage.

The magnetic tape cartridges contain a write protect mechanism. This is
a small slot at one corner of the cartridge, with a black triangle inscribed
next to it. The slot can be turned with a screwdriver or even a strong thumb
nail. When the trangle points to "SAFE", the magnetic tape cannot be written
on, and is write protected. When the triangle points the other way, the tape
is "write enabled", and data can be written to tape.

To initiate either digitizing program, the sonobuoy program tape should
be inserted into the 4051 internal tape drive, and the data tape, write
enabled, should be inserted into the peripheral tape drive. The user starts
the program by pressing the "AUTOLOAD" button and, when queried, by indicating
which type of data (refraction or reflection) is to be digitized. This will
direct the program to the correct starting point, and the interactive process
will begin.

The operation of the program can be monitored in several ways: by the
questions or statements written on the CRT screen, by the status lights at the
upper righthand side of the console, and by the cursor (the blinking signal on
the screen). While the program is operating, the "BUSY" status light will be
illuminated. When user input is required, the I/0 status light will also be
illuminated, and the cursor will either be blinking "?" (indicating console
input) or will have disappeared (indicating digitized input from the Graphics
Tablet). When the program has reached a stopping point, all lights (except

"POWER") will be dark, and the cursor will display a blinking rectangle. At
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this point, the program is awaiting direction via the user definable keys.

The user definable keys (referred to later in the text by UD #) are
located at the upper left of the terminal console, and serve as a nerve
network, directing program flow and providing user commmand control.
Generally, the user definable keys either branch to a subroutine which, upon
completion, returns to the program point at which the branch requested; or
they link to subsequent program sections and continue execution. The specific
function of each user definable key is indicated on a plastic overlay which
can be placed over the keys for easy reference.

Whenever the CRT screen becomes full with input data, the "page full"
condition will be indicated by a blinking "F" in the upper left corner of the
screen. The "HOME PAGE"™ button at the upper left of the keyboard will erase
the screen and allow the program to continue. If a copy of the information on
the screen is desired, it can be made at any time by pressing "MAKE COPY".

Any input from the keyboard is terminated by a keyboard "RETURN". An input
error can be corrected before the "RETURN" by either erasing (with the
"RUBOUT" key) and retyping, or by pressing the "CLEAR" key (at the top center
of the console) and reentering the data.

Digitized data values are input to the program through the Graphics
Tablet, which must be powered up before the digitizing program has been
started. The toggle switch to turn the power on is located at the back of the
control box, on the right. There are two digitizing cursors available, a pen
cursor and a cross-hair cursor. To digitize a point with the pen, place it
directly on the point and press slightly. With the cross-hair cursor, align
the hairs over the point and press the white button in the middle of the
cursor. The pen cursor is easier to use, while the cross hair cursor is more

accurate. Most sonobuoy digitizing should be done with the cross hair cursor.
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Wnenever a point is digitized, the 4051 will emit a short, high pitched
tone. If this tone is not forthcoming, then something is wrong. It may be
necessary to quit the program (by pressing the "BREAK" key twice), turn the
digitizing table off and on again, and restart the program. Before the
program is started, later trouble may be avoided by pressing the white button
on the cursor (or by pressing the pen point) and observing the red lights at
the left of the control box. Before the program is operating, the "Z-AXIS"
light should go on when the button is pressed, but the "PROX" light should
remain off. When the program is operating, both lights should go on, and the
"PROX" button will generally stay on.

Each of the digitizing programs requires that the origin of the record
be set before the other points are digitized. The program will direct the
user when this step is required. To set the origin, press the "ORIGIN" button
on the control box, and digitize the origin point, with the origin button de-
pressed. After hearing the tone, release the the origin button.

The sonobuoy record should be placed on the digitizing table with the
time axis aligned approximately parallel to the long edge of the table.
Therefore, the origin will usually lie near the lower left corner of the
table. The record need not be aligned exactly parallel with the table,
however, because the program performs a coordinate transformation on each

point to correct for misalignment.

In order to process the sonobuoy reflection or refraction data, the
computer program must be provided with both the distance from the ship to the
sonobuoy as well as the total reflection or refraction time required for the
energy to travel from the airguns through the water and subsurface rocks to

the sonobuoy. The distance is computed from the direct arrival time and the
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total travel time is read directly from the sonobuoy record. Consequently,
the digitized input required for the processing programs consists of time:time
pairs (e.g. direct arrival time:total reflection time).

Refraction traces are easier to pick than reflection traces. Five point
are usually sufficient to define a refraction, whereas at least 15, and
commonly 30 or more points are required to reliably determine a reflection
hyperbola. Refraction traces are most easily picked by digitizing a direct
time and a refraction time for each data point. Therefore, five points along
a refractor will require 10 time picks. Because successive reflectors on a
record underly one another, digitizing reflection points is facilitated by
picking a direct time and then all the reflection times along the same
recorder trace. Therefore, if 8 reflecting horizons are to be measured, then
9 data points (one direct and 8 reflection) will be picked along a given

recorder trace.

Digitizing Refractions (Textronix Program LINDIGIT
The program for digitizing refraction records is straightforward and
self-explanatory. All the input data required is available on the record
itself or on the log sheets. The following procedure describes the basic
steps in the program, and a complete example may be found in Appendix D.
1. Place the sonobuoy record on the Graphics Tablet and secure it in
place.
2. Initialize the program by following the instructions given.
3. Set the Origin and determine the scale factor.
4. Check the reference marks and reset the origin, if necessary.
5. Digitize the data points (direct arrival: total travel time

pairs).

50



6. Write out the parameters to the screen for copying.

7. Write and output data set to tape for transmittal to Multics.

The program is controlled interactively; there are no user definable
functions available, with the exception of the MULTICS login procedure (UD
14).

Two options are available in the program. The first is the number of
points per refractor that are to be picked. We have found that in general,
five points are sufficient to determine refractions accurately. However, in
some situations it may be preferrable to pick more points. The program will
also provide a hypothetical seafloor refractor (given the depth of the
seafloor and an assumed velocity of 1.55 km/sec). This option is probably not
necessary in shallow water, but is required on deep water buoys where the

seafloor refraction is probably not visible on the record.

Digitizing Reflections (Textronix Program SLODIGIT

The reflection digitizing program is completely interactive and prompts
the user for all necessary input information. A good rule to follow in
choosing the horizontal distance over which the wide-angle reflection traces
can be used for the velocity analyses is that the total reflection angle from
seismic source to sonobuoy should not exceed 90° (incidence angle of 459;
Knott and Hoskins, 1975). The 90° reflection angle is reached for the
seafloor roughly at the vertical trace on the sonobuoy record at which the
direct arrival time is equal to the normal incidence time for the seafloor
(see Figure 10). All reflection picks should be made prior to this vertical
trace. Thirty data points are sufficient to determine the wide angle

reflection, although as few as fifteen and as many as forty may be used.
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TABLE 2

Function of User Definable Keys -
Reflection Digitizing Program

UD Key
Name

Repick point

Skip layer

Stop on trace

STOP digitizer
List parms
Delete layer
Delete trace
EDIT points
Residual table
SLOWI 1list
X2T2

DHRC

Reference check
MULTICS login
List picks

EDIT

DUMP to tape

RECYCLE from
tape

SLOWI to tape

Function

Repick point - correction while

digitizing

Skip layer - correction while digitizing

Skip rest of vertical trace-correction

while digitizing

Stop digitizing

List input parameters

Delete layer

Delete vertical trace

Edit (remove/reinsert) points

Print residual table

List SLOWI formatted data set
2 2

Branch to X~ ~ T

Branch to DHRC

Verify record alignment
Login to MULTICS
List digitized picks

Branch to EDIT

Dump digitized data to tape

Read data from tape

Write SLOWI formatted data set to tape
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Program
Section

DIGIT

DIGIT

DIGIT

DIGIT
DIGIT
EDIT
EDIT
EDIT
EDIT
EDIT
DIGIT, EDIIT
DIGIT
EDIT
X2T2
DIGIT
EDIT

DIGIT

X212

DIGIT

DIGIT

EDIT



Because the reflection time versus distance equation is linear in XZ, the
digitizing interval should also be equal increments of Xe. If instead, equal
increments in X are used, the least squares solution for the X2 - 12 line will
be too heavily weighted near the origin. Therefore, the digitizing intervals
should get closer together with increasing values of X. The digitizing
process is considerably facilitated by counting and marking the recorder
traces before they are digitized. Figure 10 illustrates which traces would be
picked if we wished to make 25 picks over 100 traces of the seismic record.

If the digitizing is done from two records (one containing the direct
arrival and the other containing the seismic information) it is essential that
the traces on each record be accurately counted and that identical traces on
both records be marked before digitizing. The direct time and reflection
times must be measured along the same trace or significant errors will result.
(It is for this reason that emphasis was placed in the operation section on
carefully marking the intitial trace on both sonobuoy records, and on placing
simultaneous even marks on both records at periodic intervals).

The program for digitizing wide angle reflection records is a more
complicated program than the refraction digitizing program, since it performs
several functions in addition to simply digitizing the record and writing an
output data set to tape. The program is broken into five subprograms; these
subprograms are linked together through the user definable keys. An example
of the reflection digitizing program is given in Appendix F, and the BASIC
program in Appendix J. Table 2 indicates the user definable functions
available, with descriptions of their use and the program sections under which
the functions operate. Table 3 lists the procedure to be followed for
digitizing and editing a wide-angle reflection record. The five program

sect ions are:
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I. Initializing and digitizing: DIGIT

II. Delayed hydrophone release correction: DHRC
III. X°-T° calculation: X2T2

IV, Data editing: EDIT

V. Dump to tape and recycle from tape: DUMP

I. Initializing and digitizing

This section interactively queries the user for all required input
information. It asks the user to digitize all relevant points on the
record (e.g. the origin, the zero point, the point at which the
hydrophone was released, the seafloor, etc.) The program allows for data
points to be digitized from a single record, or for the direct times to
be digitized from a second record. Generally, the direct time is
digitized first, followed by the reflection times along the same recorder
sweep for all the reflecting layers. (If two records are used, all the
direct times are digitized first, then the same recorder traces are
located on the second record and the successive reflectors digitized.)
While digitizing, the user is capable of making minor corrections or
changes in the digitizing order through the user definable keys. If a
user definable key is used while digitizing, it must be "activated" by
digitizing a random point on the table. (The point digitized to activate
the UD function is discarded, so its position is irrelevant.) These
allow a point to be repicked, if done before the succeeding point is
picked (UD 1), for a single layer to be skipped along a trace (UD 2), and
for all succeeding layers to be skipped along a trace (UD 3). When all
points have been picked, the digitizing is halted with a user definable

key (UD 4). A final step in this section is to write out a table of
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TITLE SLOD‘G'T TAPE # FILE #

n

: 13 : = 13 :m .
xr2 | pree | e

Stop on
5 trace

PN234.2640-00

19 RECYCLE 25 owT
 to tape | from tape, to tape |

Residual
9 +table

DATA COMMUNICATION INTERFACE

SHIFT KEYS

PRINTED |
ERINTED & OFF | FIND  j PARAMETER ©

RETURN
TO BASIC

i MARGIN- I MARGIN £ MARGIN
1 . OFF 2

Figure 11 Overlays for user definable keys for the reflection
digitizing program and data communication inter-
face (MULTICS interface). UD 14 (MULTICS login)
on the reflection digitizer also works from the
refraction digitizer. The only user definable
functions required for MULTICS operation are
UD 13 (find file), UD 4 (data send) and UD 5 (return
to BASIC).
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input parameters (UD 5), as well as a table of raw data picks (UD 15).
II. Delayed hydrophone release correction: DHRC-(UD 12)

This section is optional, and corrects all points prior to the time
of the hydrophone release by an amount proportional to the hydrophone
depth. This adjustment is explained in Appendix F.2 on correct ions
concerning the hydrophone lower. This program section automatically
transfers program execution to the next section X2 - T2.

III. X2 - T2 calculation (UD 11)

First, this section converts the direct times to true distance and
squares the distance:time pairs. Then the program performs a linear
least squares fit to the squared values and calculates the slope and
intercept of the least squares line. From these results, the velocity
and depth to the reflecting horizon are determined, and the interval
velocity calculated from Dix's equation (see Dix, 1955 and Appendix B).
For each layer, a table is produced listing the input times, the
converted distance, squared distance and time, and the residual (observed
T2 value minus least square T2 value). These listings are optional. A
second table lists the rms velocity, reflection time, interval velocity,
depth, and coefficient of determination ("FIT") for each layer. Finally,
the program plots the X2 - 12 values with the linear fit line. This plot
may be reproduced at different scales.

IV. Data Editing: EDIT (UD 16)

Program control is next transferred to the Edit portion of the
program, which allows the user to remove horizontal layers, vertical
traces or individual points from the data set (UD 6, 7, and 8
respectively). Editing is performed on the basis of the table and plot

produced by the X - T2 section, and by a "residual table" which the
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editing section also produces (UD 9), This residual table lists the same
residuals that were listed in X2 - T2, but the tabular form makes the
identification of poorly picked reflectors and erroneous direct picks much
easier. The criteria for editing points is discussed in the subsequent
section on Editing Reflection Data. The final function of the Edit
section is to write a formatted output data set to magnetic tape so that
it can subsequently be transferred to MULTICS. However, this need not be
done after the first call to Edit, because X2 - 12 can be called up again
from the Edit section, and the two sections iteratively invoked until a
satisfactory data set is produced.

V. Dump to tape and recycle from tape

This section dumps the digitized data (after completion of section
I) onto a magnetic tape file for later retrieval and use. Since the
digitizing of the data is the most time consuming part of the process,
dumping to tape immediately after completing the digitizing will protect
against complete loss of data if something goes awry later in the
process. This feature is also useful if it is necessary to interrupt the
program before reaching the'final editing step.

Section V also allows the user to read the digitized data from tape
and to reenter the program as though the initial digitizing section (I)
had just been completed. To recover this data, respond affirmatively to
the first question asked by the program ("Do you wish to recover data
from tape?"), and when queried, specify to which tape-file the data you

wish to recover has been dumped. After the data read is completed, the

"Parameter List" key can be pressed to verify that the correct data has
been recovered, and then the HDRC or X2 -12 button can be pressed to

cont inue.
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Table 3

Procedure for digitizing and editing wide-angle reflection data

1. Digitize record (Part I)

2. Dump raw digitized data to tape (Part V). This step protects against
later error or interruption in the process.

3. Delayed hydrophone release correction (Part II). The Delayed

hydrophone correction can be called directly after the digitizing step,
or can be made after X°-T2 and/or Edit have been called. It is sometimes

helpful to see the XZ-T2 plot before and after the correction to
determine whether the data was improved. This correction is reversible,
that is the correction can be removed if it appears detrimental. This
subprogram branches directly to X2 - T2, See Appendix F.1 for a more
complete explanation of this correction.

4, X2 - T2 (Part III)., This is the first pass at X2 - 12,

5. Edit (Part IV). First print out a residual table, and use it in
conjunction with the X2 - T? table and plot to edit traces and points
through the user definable keys.

6. X2 - T2 (Part III). With the edited data set, return to X2 - T2 and
reevaluate preliminary velocities and depths.

7. Edit (Part IV). Return to Edit. The iterative process between X2 -
T2 and Edit can continue until satisfactory data set is produced. EDIT

allows previously removed points, layers or traces to be reinserted.
When a final data set is reached, it should be dumped to tape (V) for
later transmittal to MULTICS, and it should be recorded on paper by

pressing the "MAKE COPY" button.



diting Reflection Dat
After the reflection traces are digitized, they must be checked

carefully for digitization errors. Two principal sub-programs for editing the
data are available. These sub-programs, which must be used sequentially, are
X2 - T2 (UD 11) and EDIT (UD 16). Several criteria, based on numbers
generated by these sub-programs help the user decide which traces or data
points are questionable and should be discarded. The criteria include:

1. X2 = T2: The parameter "FIT" (e.g. coefficient of determination) is a
number between 0.0 and 1.0 that indicates the "goodness of fit" between the
X2, T2 points and the least square line that passes through these points. Our
experience has shown that "FIT" should not be smaller than either 0.99990 for
shallow layers (0.0-1.0 sec sub-bottom) or 0.99900 for deep layers (greater
than 1.0 sec sub-bottom).

2. X2 - T2; The RMS VELOCITY should increase with depth. A reflector that
has an RMS VELOCITY, which is the smaller than that of the overlying layer, is
probably a multiple reflection event and should, therefore, be removed.

3. X2 - 12 The INTERVAL VELOCITY normally increases with depth, therefore,
any decrease in the INTERVAL VELOCITY (less than 80% of the overlying layer)
should be examined carefully. The interval velocity is calculated with the
Dix equation (Dix, 1955), so a decrease may be caused by a computational,
rather than a real geologic, effect. Normally, computational instabilities
(e.g. velocity inversions) are found when reflectors are too close to one
another. The "resolution" of the sonobuoy technique is generally no better
than a layer thickness that is 1/12 of the water depth (LePichon et al.,
1968). If a velocity inversion in the INTERVAL VELOCITY occurs in a layer,
try discarding that layer (or discard the next deeper layer if the deeper

layer is thinner).
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4. EDIT: The residual values (T2 T2 oulateq) Which are tabulated for

bserved™
all data points, should generally be smaller than 300. Omit points with
larger values. The residual table also shows bad traces (high residuals for
every point along the trace) as well as traces that have a high, but
acceptable, degree of scatter (this is also reflected in the parameter FIT in
the X2 - T2 section). Often the pattern of the residuals for a trace
(negative at both ends of the trace but positive in the middle) indicates
curvature in the X2 - T2 line, which is caused by dip in the reflector.

Once the initial X2 - 18 and EDIT steps have been completed and the
erroneous data removed, another iteration of the process is usually advisable.
The X2 - T2 section can be recalled and calculations made with the corrected
data set. Then editing routine can be entered a second time, and additional
data removed, or previously edited data reinserted, if desired. When the data
has been satisfactorily edited, the final function of the editor is to write a

SLOWI formatted data set to tape. This data set is then suitable for

transferral to MULTICS and input directly to SLOWI.
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Processing The Digitized Data on MULTICS

The two programs for processing the digitized sonobuoy records are
called LINFT (for LINear FiT) and SLOWI (for SLOping WIde angle). These
programs were obtained from Woods Hole Oceanogaphic Institute, and are
described in detail in Knott and Hoskins (1975). Program LINFT is used to
process the digitized refraction data, while SLOWI is used to process wide
angle reflection data. A theoretical basis for SLOWI is given in Appendix D.
When these programs were converted for use on the U.S.G.S. computer system,
some significant errors were found and the necessary corrections were
included. Both SLOWI and LINFT are available on the U.S.G.S. Honeywell
Multics system in Menlo Park, California. Complete descriptions of the input
required for each program, as well as an example data set, are included in the
introductory comments to each program (see the FORTRAN listings in
Appendix K). Examples of the output from these programs are shown in Appendix
H.

The Honeywell Multics System is rather formidable, and the inexperienced
user is advised to obtain some assistance before attempting to use it. The
procedure below outlines the basic sequence of commands necessary to access
and execute the programs, but these will be given without further explanation.
Communication with MULTICS computer, through the Data Communication Interface
of the Tek 4051, is initialized by calling a BASIC program, which is available
through UD 14 from either digitizing program. (Warning: by calling this
program, all digitizing program information is lost. Therfore, the MULTICS
login must not be called before all the digitized information has been written

to tape.)
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The following sections describe the method by which the MULTICS programs
are accessed and executed. Within the text are the commands and replies from
an actual terminal session, during which links to the sonobuoy programs were
created. The digitized data were transferred from magnetic cassette tape to
MULTICS, and the reduction program (in this example SLOWI) executed. The
terminal session is shaded in the text, and the arrows (—) indicate commands
or information entered by the user.

When the MULTICS system has been called up with UD 14, the user is ready

to login:

You are protected from preemption until 2252

Smith Marine logged in Oﬂ/OS/?B 2252,5 pst Wed from ASCII termina
Last 1ogin Q4705778 2154.7 af fTKBOD”terminal “n ne®,
heck_info_segs: No change i
No memos.

The terminal parameters necessary for the Tektronix are initialized by:

where "1fecho disables the line feed echo by the carriage return (assuming
that the user has enable lfecho, perhaps through a start_up.ec). The pl34
parameter sets the page length to 34 lines and 1172 specifies that the
Tektronix CRT is T2 characters wide. The stty command can be imbedded in a
start_up.ec for convenience. With the page length set, MULTICS will stop
sending data to the terminal after every 34 lines printed, and issue an EOP
(for End of Page). To continue, press "HOME PAGE" and then "control L". (The
control key works like the shift key.)

All the segment links necessary to access the programs mentioned here
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are provided through an exec_com entitled sonobuoy.ec. This exec_com need

only be linked to and invoked one time. The procedure is:

— = 11nk >udd>Har1ne>JCh1lds>sonobuoy ec
‘ “,f Tue 03/21 1750,

— ec sonobuoy
-1ink >udd>Marine>JChildsd>sonobuoyd>slowi.
“ >udd>Marine>JChildsd>sonobuoyd>siowi
>udd>Marined>JChilds>sonobuoy>linft.for
dudd>Marine>iChilds>sonobuoy>linft
2udd>Marine>JChildsd sonobuoy>sonomod
= dudd>Marine>JChilds) sonobuoy> ode
link >udd>Marine>JChildsd>sonobuoydi
ink >udd>Marine>JChildsdsonobuoydasr
Judd>Marine>JChilds>

fortran

All data stored on the tape cassettes is transferred to MULTICS through
a text editor. We always use "ted", but "gedx" can be used in an identical

manner:

(User definable key 12)
(User definable key 4) -

To execute a sonobuoy program (we have here used SLOWI as an example) it
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is first necessary to specify the segments for data input and output. This is

done with io.ec, which requires two arguments: the input data segment and the

target segment for output.

The results are either printed out at the terminal (with the print command),
e.g.

pr testa.result
or printed offline with daemon_print

dp testa.result

When entirely finished, the user should logout, and return the Tektronix to

BASIC control, with UD 5 (see Fig. 11).
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Sonobuoy Interpretation Programs

Two interpretive programs are available. The first, called SONOMODEL,
produces a Benson-Lehner pen plot of an artificial sonobuoy record. The
program requires as input a layered model, with specified velocities and
thicknesses for the layers. Based on ray tracing theory and assuming flat
lying layers, the program produces a pen plot, which is scaled to match an
actual sonobuoy record. This plot includes wide angle reflections,
refract ions, direct arrival, and indicates the critical point for each layer.
Also produced by the program is an output table listing which includes
critical distance and critical time for each layer.

Before executing the modelling program, an input segment must be created,
generally through a text editor. The required information and format are
specified in the introductory comments prefacing the fortran listing of the
program (sonomodel.fortran). This listing is included in Appendix K.

The terminal session which follows was used to run the SONOMODEL example
in Appendix I. We assume that this model data set has already been entered as
a segment called testc.model.data . We ask that the output from SONOMODEL
be directed to a segment calied testc.model . The plot produced by the
program is contained in the segment called bl_plot. When the plot is
produced, the U.S.G.S. project account to which the plotting should be billed
must be furnished. This is a nine digit number and is referred to below as

"account #".
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?f;~—ﬂ>15 s

_ Segments -,1, Lengths = ‘i;i@f

rew 1 testc.model. data   :

- Wed 03722 2114.8 ,5-”‘7 o

. —sec asr - L
~asr >udd>bl lib —after working dir

- Wed 03/22 2114, 9

—w»ec 10 testc.model. data testc.model
jo attach file05 vfile_ teste.model. data -no trunc
jo attach file06 vfile testc.model -no truncv e

= Wed 03/22 2115 1

f~—q>sonomode1 -

~ sTOP

fortran io : Close files? | &es4i__,

1¥ ~ Wed 03/22 2115.9

'—~—a>13

':'Segments z 3. Lengths #:22,; ]v f

rw 21 bl plot o
w2 testc.model
crew 1 teste.model data e

fw~ Heé 03/22 2116 1

._—4>ec plot account#v -

. ec dudd>bl lib>plotter “bl"piot"-”30" 2
:;;Tape bl _plot_Marine,Ttrack, S den=556 will be mounted with a write

- Tape plot.parm_Marine,7track, den-556 mounted on drive 5 with a

TAPE: plot.parm_ JChilds written at 03/22 2123.8 We

- 1o detach plot

. = Wed 03/22 1217.9

—-dp testc.model ' |
: -1 request signalled, 3 already 1n printer queue 3

- Wed 03/22 2203.8
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The sonomodel program also contains the option to produce page size
illustrations of sonobuoy records. A comment in the program listing notes
which lines must be changed to enable page size plots. To do this, the user
must copy the fortran listing (sonomodel.fortran) into their own directory,
make the changes through the text editor, and recompile the program. Figures
5 and 6 were produced in this manner.

The other interpretive program called POLYFIT, performs polynomial
regressions and operates on the Tektronix U4051. The polynomial regression can
be used to determine the relationship between travel time and sediment depth
from the sonobuoy results, and hence provides excellent use of the sonobuoy
data in the analysis of vertical incidence seismic records. See Appendix I
for further details. The regression program itself is available on the
Statistics package of the Tek 4051, and is fully cocumented in the Statistical
package manual. Examples of both SONOMODEL and POLYFIT are contained in

Appendix I.
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Appendix A: Range and Penetration of Sonobuoys

(excerpted from an internal memo dated 12/14/77)

Subject: What type of sonobuoy do I need to get the job done?
NAVY or Commercial?

The answer to the above question depends on where you will be
working, deep or shallow water. After talking to many of you about
your sonobuoy results from 1976 and 1977, and after considering our
work in the Bering Sea, we have put together a rather complicated diagram
(attached) of a typical continental margin. The diagram is intended to
illustrate how much crustal penetration we can expect to attain using
either the Navy 41B or commercial sonobuoys with the 1326 cu.in. airgun
array.

Three important observations have been made after examining the
'75, '76, '77 records from sonobuoys that functioned properly:

A. On the shelf ( 200 m), an acoustic basement refractor (v=4.5-5.5)
is seen on all sonobuoy records; however, this is the deepest
refractor that can be identified on either the Navy or commercial
buoy records. Insufficient seismic energy, rather than buoy
transmitting range, is the limiting factor.

B. At intermediate depths (200-3000 m), a sub-basement refractor
(v=6.0-6.7) is often seen with commercial buoys; the deepest
refractor on Navy records is from acoustic basement.

C. In deep water ( 3000 m), a mantle refractor (v=7.9-8.4) can sometimes
be identified with commercial buoys; Navy buoys normally only show

a refractor from oceanic layer 3.
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The type of buoy that will get the job done for you, based on

our previous experiences on the LEE, is shown in the table:

Type of Area Shelf Intermediated Deep water
study ( 200m) (200-3000m) { 3000m)
Sediment and

Basement velocity Navy Navy Navy
Deep crustal Need Explosives or Commercial
structure Explosives Commercial
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Appendix R

Velocity of sound in sea water

Velocity of sound in water is a function of several variables,
primarily water temperature, pressure, and salinity. For a given area and
t ime of year, however, the velocity of sound may be expressed simply as a
function of water depth. Figure 14 illustrates this variation for the
Southern Bering Sea during the summer months of July through September. The
diagram is taken from Levin (1968, vol. II, p. 393). The plot shows sound
velocity in meters/second versus water depth in meters. Also shown in the
diagram are the hydrophone depths for sonobuoys equipped with 60,120, and 240
foot lowers.

From the plot, we can see that the velocity at the sea surface, v,, is
about 1485 m/s. There is a sharp negative velocity gradient to a depth of 100
meters, at which point the velocity gradient reverses, and from there
increases, almost linearly, to a depth of just less than 2000 meters (off the
bottom of the graph). While this curve is not representative of all ocean
waters, it does serve to point out some difficulties of which the sonobuoy
user should be aware.

First, the marked velocity inversion, which results from the thermocline
observed in most areas, should be considered when choosing the hydrophone
lower depth. In the Southern Bering Sea, the inversion is quite deep, but in
other areas it can occur at a much shallower depth. If the hydrophone is too
deep and drops below this inversion, the velocity structure of the water may
actually reflect the direct arrival energy away from the hydrophone, resulting
in a very weak direct arrival. The deeper hydrophone may also result in less
clearly defined seismic reflection arrivals. Each individual seismic wavelet

recorded at the hydrophone consists of the primary wavelet and an accompanying
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"ghost" wavelet from the sea surface (water-air interface). With a deeper
hydrophone, the time delay between the primary arrival and its ghost will be
greater, and the composite wavelet more diffuse. (Knott and Hoskins, 1975, p.
24). Errors may also be introduced into the wide angle reflecton and
refract ion solutions through incorrectly assumed values for the average

vertical velocity of sound in water, v,, and the horizontal velocity, .

v
Both velocities are input parameters to the reduction programs. In LINFT, the
refract ion velocity is determined directly from the ratio of the slope of the
refractor to the slope of the direct arrival line. Therefore, the accuracy of
the final refraction velocity results is directly proportional to the accuracy
with which the horizontal velocity of sound is known. The horizontal velocity
in Figure 14 is 1485 m/s, which is the default value in the digitizing
programs. A variation of ¥ 10 m/s is less than a 1% error, but in other areas
and at ancther time of year, the variation may be much greater.

The wide angle reflection program SLOWI, requires both v, and v, as
input. However, these two variables are not independent. The program
actually solves for Vi based on the input value for vy and the seafloor
depth. The input value of Vi is used as a trial solution to the interative
process. Therefore, it is critical to provide SLOWI with a reliable value for
the average vertical of sound as some function of depth, f(z). For a given

depth of water, z,, the average vertical velocity is determined by integrating

the curve f(z) from O to zq:

V., = ‘é‘ll'ﬂz) dz

\'

This integration can be done numerically. If we apply this technique to

Figure 14 from 0 to 1100 meters, we arrive at a value for v, of approximately

76



1472 m/s. The default value provided for vy by the digitizing program is 1500
m/s, a difference of 2%. In other areas this difference could be greater.
Since v, is required for the determination of v,, this error would effect both
the solutions for reflection velocities, as well as the depth to the seafloor.
These problems illustrate the importance of having some independent
information regarding the variation of velocity with depth. One of the most
valuable tools is an XBT, or expendable bathythermograph. This is an
expendable thermistor which is dropped into the water, attached to the ship
by a slender copper wire. As the thermistor drops through the water, the
resistance is measured and converted to temperature. Thus, a temperature-
depth profile is obtained. The variation of velocity of sound is very nearly
directly proportional to the temperature of the water, so this measurement may
provide a very close approximation to the variation of Qelocity with depth.
With underway multichannel operations, XBT's cannot be used. Therefore,
tables similar to Mathew's and the velocity profile atlas must be relied upon.
The S.P. Lee is also equipped with a velocimeter, which determines the
horizontal velocity of water near the sea surface, and this value should be
recorded in the logs during a sonomodel station. Any remarkable variation

from the expected value (1485 m/s) should be investigated carefully noted .
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APPENDIX C: Shipboard interpretation of Refraction and wide angle

reflection data

Preliminary analysis of both refraction and reflection data can
be done with reasonable accuracy (10-15%) using a hand calculator. The
objective of these analyses is to determine velocities (refraction and
interval) and layer thicknesses. The two following sections present
all the equations necessary to achieve this goal. For brevity, the

more complicated equations are given without derivation. /

REFRACTION DATA

Interpretation of refraction data from shallow water areas is usually
a straightforward process of:
1. ididentifying each successively deeper refracting horizomn, which
almost always occurs as a 'first arrival' with a distinct change
in slope (see Fig. C.1l);
2. determining the refraction velocity from the slope of the
refractor (eq. 1);
3. computing the depth to the refractor at vertical incidence
(eq. 2 and 3).
In deep water areas, the refraction data is often complicated by 'second
arrival' refractions that are difficult, but important, to identify (see R\)

Fig. C.2).
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The depth to each refracting horizon involves a somewhat cumbersome

set of calculations in which the thickness of the last penetrated layer

(Zn-l) is determined in terms of the thicknesses and velocities of the

overlying layers.
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of the (n-l)th layer is: (see Nettleton, 1940, p. 254)

anV -T— 22, Vﬁ-V:'ﬂ_ Z%J%$—VE
Z ) = 2V, V,Vn Vs

The thickness of the first four layers, in a

format that is readily programable on a hand

<:f§f-_-_---'_-i¥}- calculator is:

Vo = 1500 IZO v TV
i - e )
v, K VAN
V-t | Zn-\ i sz_v'l 2 \]o
VT\
2
;- (e zhEe BT
T. ds the i VIV, \ 2 Vo Vi
in ntercept 3 2

time for the nth layer v 5
(see Fig. C.3) Z3 {\_13._\_}_ 1’4;4 ZJ\/4 Vo Z-l . Z qu

Vo'--Vn are refraction

velocities.

The depth to the top of the nth layer is given by:

n-l
D.= Zl__;- Z (Eq. 3)

REFLECTION DATA

Constructing velocity versus depth sections from reflection data is

generally done by:
1. determining the interval velocities between each of the prominent

reflecting horizons (see steps I and II below);
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2. converting the vertical incidence reflection times to depths

using the interval velocities (eq. 1l1).

Procedure:

I. Determine the RMS velocities for each of the reflecting horizons

using either (A) or (B):
(A). the Tangent method (eq. 7 or 8);

(B). the two point method (eq. 9).

II. Then use Dix's equation to compute the interval velocity between

two reflecting horizons (eq. 10).

Throw
Sonobuoy
A) X
T wa{‘er
Z, (ISOOm/éec)'
i
!
q,x‘,TRI
\'A : (xC,TDC)
N -
H Direct
V2 | arrival
| .
v, { “‘“*s\\\\\ refraction
v Model I Buoy Record
t
FIG. C.5
xz
T2= T2 + /V?-
rms

2.
(22 )ﬂ_(.ﬁﬁ (Eq. 4)
\}rms Vrms

(T‘/rmsY= <ZE> + X" (Eq. 5)
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I.A. RMS Velocity - Tangent method
Differentiate the travel time equation (5) with respect to x and

at a constant depth z:

2 AT 2 %-
Z‘\/rms ‘ Z—X. - ZX \/\rms - —‘_)E-—

T(5) (Eq. 6)

AT
Where 5y is the slope of the

travel time equation.

All terms in equations (2) and (6) can easily be determined from
the sonobuoy record. The quickest method (see Fig. C.6) is to look for a
region of good data along the reflection hyperbola of interest and to draw a
tangent line to the hyperbola. The tangent point (xl’TRl)’ the direct
arrival time (XI’TDI)’ and the slope of the line (AT/ax) are used to determine

the RMS velocity from equation (7).
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If the refraction velocity for a specific reflecting horizon has
already been determined, then a simplified version of equation (6) can
be used. Since refractions are always tangent to the reflection hyperbola,

at the critical distance point (xC,TRC), the equation for RMS velocity

becomes (see Fig. C.S); JQ]: 3 !
Voo~ (573 AX 7 Vier
RS\ Tac (Wege) X.Z 1500 T
L . . .
1500 T Veee \2 Verp i the refrachon ve;ocﬁy
= in melers/sec .
RMS
Tee (Eq. 8)

'Ms VELOCITY IN me*ers/sec

I.B. RMS Velocity - Two point method
Using the travel time equation (4) for two different points (Xl’TRl)

) (see figure C.5) and eliminating the common Ti term:

and (x2,TR2
2 XZ 2 X 2
T— - ; = -T— — [t
o LT TN 4% 1500 Ty
A
X, - X2 \2 X, £ 1500 Tpz

- 1
\/rms z 2
1}2 - Tﬁ
!

500 (2o}’
\/Yms - TQ% "Tglz (Eq. 9)

rms Ve{OCHH n mel‘ers/sec

I1. Interval Velocity - Dix Equation

From Dix (1955), the interval velocity when x<z is approximated by:
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T,-T, (Eq. 10)

where V1 and V2 are RMS velocities and T1 and T2 are zero offset

(vertical incidence) times (see figure C.7).

Throw

Buoy

v A, X
T, |

f “Vems =V|
Vier
Tzr—&—————~——~_\\\\\<;
Vims =V5
v
t

FIG. C.7

Once the interval velocities are known, the depths to each of the
reflecting horizons can be determined from the vertical incidence

reflection times. The depth (D) to the top of the Nth layer is:

n-1
T}i
D, 5 v
=0

where Tvi is the vertical incidence reflection time (2-way) within
the ith layer (read from the reflection profile) and Vi is the interval

velocity of the ith layer.
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APPENDIX D: Reflection ray tracing theory

In these derivations, the following notation is used:
1. All distances in lower case letters

2. All times in upper case letters

X - horizontal distance; source - receiver separation

[=a
I

thickness of layer 1 (here the water layer)
h, - thickness of layer 2

r, - length of reflection path (2 way) to first reflecting horizon

(here the water sediment interface)

r, - length of reflection path to second reflecting horizon

T, - reflection time (2 way) to first reflecting horizon

(here the water-sediment interface)
Tl(O) - minimum reflection time to first reflecting horizon
Ti - reduced reflection times for T,
T2 - reflection time (2 way) to second reflecting horizon
T2(0) - minimum reflection time to second reflecting horizon

Té - reduced reflection times for T2

Td - time of direct water arrival

Tcon - correction term to produce reduced times

Vh - horizontal velocity of propagation of sound at the water surface
V1 - interval velocity of layer 1 (here the water layer)

V2 - interval velocity of layer 2

Va2 - assumed interval velocity of layer 2

85



W - slope of first reflecting horizon

W = slope of second reflecting horizon (with respect to ‘ﬂ)

Wy -~ assumed slope of second reflecting horizon
b1 Ta
P2~ Ta2

I. Pythagorean Theorem for flat lying layers

A<

-

v

—r

— — —— —— — x
—

Vz FIGURE D.l1

By the Pythagorean Theorem:

2

(# + (W)= (1) @

x2 + ’ZA) (TV) @)

('/v‘z)xz . (2’%() 3)

This equation (3) is linear in x2 and T Therefore, a line
fitted by least squares to the xz—T2 data points will have a slope

inversely proportional to the square of the interval velocity (Vl)
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of the layer. The intercept of this line is the square of the minimum
reflection time ( TI(O) ) to the reflecting interface. From Tl(O) and

Vs the true depth to the interface can be determined.

II. Image method (law of cosines) for dipping interfaces

Using the image method to solve the wide angle reflection equation
with dipping reflector interfaces (see Figure D.2):

By the law of cosines

ri= x*+ (Zh,)z" 2(x)(2h,) cos (o) )

i

where o{ = 90 —001

Therefore

r? e x* o+ (zk,)z — 4x}1‘ cos (‘?O-— r.a,)

|

= x?* + (211‘)2 - 4)(1'” Sin o, )

Expressing the distances in terms of time and velocity:

2 2 z ( .
(t,v.) = (Td\/h\ + (T,(o) v,) - Z(Td v, ) T, () v‘) sin 4,
Finally, the equation for travel times for dipping reflectors is:

2
T T () T = 2 Te (v M) she
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)

2%,

(imaae)

FIGURE D.2

(From Knott & Hoskins, p. 2-4)
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ITI. SLOWI (SLOping WIde angle) reflection method

A, First (water) layer: Computation to iteratively

determine a reliable value for the horizontal water

velocity vy

l. Assume that Tl’ the total travel time, Wi the
slope of the first reflecting interface, and Vi
the interval velocity of the first layer, are known.
2. Find the minimum reflection time, Tl(O):
If the T/x curve starts close to the origin,
(x=0), Tl(O) is determined by a fourth order least

squares fit to the time - distance curve:

3 q
2 (7
T=Te) + (T + CGTy + Glg* G,
where T, = x/vh
If the T/x curve starts beyond the origin (x>0),

Tl(O) is found by a linear least squares fit to:

2 2 3 2 ra (8)
T, = T+ C (%) = Ty + ¢y
From Tl(O), the minimum thickness, hl’ is found.

3. From the law of cosines solution (see equation 6,

Part II):

Vi \* Yo .
le‘- _Qz(_\_{:_) + T,(o)"~ 2Ty T, () 7:‘ 5N W, (9

Reduced times, Tl’ are calculated from equation 9

by removing the normal incidence travel time within

the layer, Tl(O), as well as the difference in travel

89



time resulting from the slope of the interface:

2
T/ = Tz"‘ T'cont

| {

where N
h
2 _n,
T = T = 27Ty s,
or

T TN
= —3 (10)
d V'z.
This reduced travel time squared - distance squared

equation is fit by linear least squares to determine

Vh .

(This value for v, is compared to the input
value for AN and if the difference is large, another
iteration is made from step 3 using the corrected

value of vh).

B. Second layer

1. Assume that T the travel time to interface 2, w

22
the slope of the first reflecting interface, and E
the interval velocity of the first layer, are known.
Also, the apparent slope, ® oo determined from an

assumed interval velocity, Va2 for the second layer,

must be known.

2. Determine by least squares the fourth order polynomial:

T, = T,(0)+ Ty + ¢, Ty" + 3Ty + ¢, Ta

where Td = x/\lh
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Find TZ(O)’ the normal incidence reflection time to

the second interface, in the same manner as for the first
layer (see section D.2), be either linear least squares
or fourth order polynomial fit. Calculate h2 from T2(0)

and the assumed velocity Vag*

Recall the ray parameter, p :

p = (smo)/y, a

where ei is the emergent angle of the ray for layer i
and vy is the interval velocity for the layer.
The ray parameter may be expressed as the derivation of

the time - distance curve (see Officer, 1958, pp. 48 - 52):

- 9T
P= ax (12)

Therefore, by differentiating the fourth order polynomial

for T2 above and substituting into equation (11) and (12):

dT,

[ - = V, — 13
sin (g8,-9,) ' T (13)
where ( 81 - W ) is the emergent angle (see Figure D.3).

From Snell's Law and reflection geometry, we see from
equations at the bottom of Fig. D.4, that the incident angle,
Bi can be calculated from the emergence angle ( Bl'” Wy )

for each value of x.
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w,

Wy

FIGURE D.3
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Knowing the incident and emergence angles, compute the

one way travel times TAA' s, T T , and the distance

BB' ’ A‘H‘

A'B'

With these travel times, "strip off" the upper layer and

determine the travel time in the second layer alone:

- (14)
- laa TS'B

This now is the one layer case. As before (Eq. 9), the

Teew = T,

A‘C. B‘ AA. C‘ 5'5

travel times are expressed:
2 fo 2 2
(T Vo) = (AB) + (2Taw Vaz)
= 2 (A ) (2T V;z) sin W32

2
T;Z = (A'B‘/Vz) + (ZTF\'R' -

Z(R'B')(ZTQ'H') :
A Sin Wz (15)

The distance A'B' is known explicitly, and therefore it is
not necessary to calculate a horizontal velocity along the

interface as was done for the first layer.

These squared travel times are reduced by:

2 2
Al (16)
—[; .rh —Tﬁ nZ

co

where

. 2 2 (H,B')(zra'u') . (;.)
sSin
le‘z (ZTAMJ - \Y) 2 at

Con 3l
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10.

11.

12,

Any negative travel times are eliminated, and a least

squares fit made to

2
le _ (R‘S‘)
2 sz (17)

This fit provides a corrected value of Ve

The apparent angle, Wo s is corrected according to

Ve

= L] 18
tan W, tan QaZ V.o (18)

With new values for Wy and Vy s the program returns to
step 3 and repeats. The same sequence of steps is then

followed for each subsequent layer.
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FIGURE D.4

X > B

sin 8, A sin B, _ M
sin 32’ V2 sin '82 V2
- Y Vz

lez'ez-o- 27 =Bz+2“°.z

/ - . v] . /4

B, = arcsin (72 s:nﬁz) = arc sin (%; sin(82+2a:,,))
7/ R V| .

5, = Jrc sin (71 Sin [arc $in (-'vi‘ s(nB,) + zwaz])
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Appendix E

Procedure outline for digitizing and processing sonobuoy records

This appendix provides a suggested procedure for digitizing
and processing sonobuoy records, from initial preparation of
the record, through digitizing, reduction and interpretation.
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I.

II1.

Procedure outline for digitizing and processing sonobuoy records

Preparation of records prior to digitizing

Cut records and paste on a stable backing
Overlay record with "cured" mylar acetate overlay
Draw time lines and other reference points on mylar

Choose refractions and/or reflections and trace on the mylar

Refraction data

1'

Load refraction digitizing program and execute

The refraction digitizing program is interactive, and
request all necessary information from the user. The
digitizing is carried out one refraction trace at a time,
and each data point requires two time picks: a direct time
and a refraction time. Upon command, the program will

automatically write an output data set to magnetic tape.
Transfer data set to MULTICS computer
Execute preliminary LINFT program

LINFT performs a linear fit (least squares) to the refrac-

tion data and prints out velocity and depth solutions.

Determine the slopes of refracting surfaces from vertical
incidence seismic reflection records, using the velocity

solutions from preliminary LINFT.
Execute LINFT program again with slope corrections

Edit refraction results for spurious refractions and other

errors

Execute final LINFT with corrected data set if necessary



III.

1v.

Wide angle reflection data

1. Load reflection digitizing program and execute
The reflection digitizing program is interactive, and
requests all necessary information from the user. The
order of digitizing data points is a direct time followed
by "n" reflection times, where '"n'" is the number of ref-
lection layers. The reflection digitizing program also
provides preliminary analysis of the data in the form of

X2 - T2 calculations, and allows editing of the data

points before writing an output data set to magnetic tape.

Therefore,the suggested order within the digitizing program is:

a. Digitize the reflection recorde

b. Execute X2 - T2 program

c. Execute the Edit program to correct bad picks
d. Execute X2 - T2 again with edited data set

e. Execute the Edit program again, if necessary

f. From Edit section, write an output data set to tape
2. Transfer data set to MULTICS computer

3. Determine apparent slopes of reflectors from vertical incidence
seismic reflection records, using an assumed velocity of sea-

water for the sediments.

4. Execute SLOWI with program with assumed slope correction

SLOWI performs a sophisticated variation of X2 - T2

analysis on the reflections and prints out velocity
and depth solutions. The program also calculates true

dips of the reflectors from the calculated velocities
5. Edit final SLOWI results

6. Execute SLOWI again with edited data set, if necessary
Interpretation

1. Compile all refraction and reflection results

2. Determine the velocity - depth relationship
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The velocity - depth relationship may be determined by
a program that performs a polynomial fit to the sonobuoy

results. Other relationships may be possible as well

Correct final reflection results according to the velocity -

depth curve (optional). (Refer to Houtz et.al, 1968, pp2631-2632)

Construct velocity sections from the refraction results, and

separate sections from the reflection results, if desired

U(}



Appendix F
Corrections to the reduction resuits

This appendix contains two sections:
1. Corrections for hydrophone lower
2. Corrections for dipping interfaces

The first part of this appendix describes correction
factors which are necessitated by the hydrophone suspension
system, and by the delayed release timer which activates the
suspension.

The second section describes the manner in which sloping
reflection and refraction interfaces are corrected for in the
reduction programs. The digitizing programs do not require or
accept slope corrections, and therefore these corrections must
be included in the data sets after they have been transferred
to MULTICS.
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Correction for depth of the hydrophone

During normal operations, the sonobuoy hydrophone drops to depths of 60
to 300 feet beneath the sea surface as soon as the buoy is placed in the
water. The error in the reflection times that is introduced by the depth of
the hydrophone is corrected in program SLOWI, if the final hydrophone depth is
input to the program and the "correct E/S depth" option is chosen.

If a sonobuoy station is conducted during multichannel seismic
operations, it is necessary to delay the deployment of the sonobuoy hydrophone
for 20 minutes, the time required for the buoy to clear the far end of the
mult ichannel hydrophone cable. The delayed drop, from near the sea surface to
depths of 60 to 240 feet, introduces two problems in the sonobuoy
interpretation. First, the sudden increase in the distance from the
hydrophone to the sea surface changes the general configuration of the
reflectors in the sonobuoy record by increasing the time between the primary
reflected arrival and the secondary sea surface reflection (from 4 msec to 48
msec with a 120 foot drop) (See also App. B). Secondly, the time difference
resulting from the shortened travel path introduces an abrupt vertical shift
in the reflectors (=25 m sec with a 120 foot depth) at the point when the
phones drop. The first problem of reflector configuration can only be
compensated for subjectively through the interpreter's ability to accurately
follow each of the primary reflection arrivals across the sonobuoy record.
However, an explicit correction for the abrupt vertical shift in the
reflectors can be made during the data reduction after the reflectors are
digitized in their shifted configuration. The program determines the time of
the hydrophone release by asking the interpreter to mark the direct time on

the trace recorder where the release occurred. Then, based on the final
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hydrophone depth (input earlier), a correction value is calculated and
subtracted from all reflection times along prior traces. The effect is to
change the data to appear as if the hydrophone had released immediately.
SLOWI then corrects all reflection times for the hydrophone depth. This
"delayed hydrophone release correction" is an option with the SLOWI digitizing
program, and is usually called after digitizing the record, but before the
X2 - T2 calculations. However, the correction can be called from other parts
of the digitizing program. Therefore, it may be desirable to calculate the
X2 - T2 plot without the correction, check the residual values, then add the
correction to see whether the solutions improve. The option to add the
correction can also be used to remove the same correction if it is determined
that the original data is better. Often, the effect of the delayed release

will be very noticeable as a discontinuity on the X2~ plot.

Slope Corrections

Slope corrections are important for both the wide angle reflection and
refraction data to insure good velocity and thickness values. The slope
informat ion usually comes either from the dip of the reflectors in the
vertical incidence seismic data recorded during the sonobuoy station or from
the dip of refraction interfaces seen on a series of back-to-back sonobuoy
stations. In both reduction programs LINFT (refraction data) and SLOWI (wide
angle reflection data), input dips are relative dips (i.e. the dip for a
deeper layer is calculated with respect to the layer directly abobe it). For
example, if two layers are dipping parallel to one another (absolute dip = A),
then the relative dip of the shallower layer is A, while that of the deeper
layer is 0. The sign convention is the same for both programs and is that

upward relative dip in the direction of travel {updip from the buoy) is
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positive, while downdip is negative (refer to Figure 14). All dip
calculat ions presuppose that the velocity of the overlying layer is-known,
whereas usually it is not known. Hence, a trial velocity must be assumed to
calculate the dips from the seismic reflection profiles. LINFT and SLOWI
differ significantly in the way they use the trial velocities. Therefore, the
dips should be determined specifically for the program that is to be used.

In calculating slopes for SLOWI a velocity of 1.5 km/sec (water
velocity) must be assumed for the overlying water and sediment layer. SLOWI
will iteratively correct the input slopes as better values for the velocity

are obtained. The correction is:

tan W = -&tan W

where W and v are corrected slope and velocity and wa and v, are input slope
and assumed velocity. The final values for the relative slopes of the layers
and the slope corrected velocities are given in a summary table.

LINFT, however, uses the correct relative dips, as they would be output
from SLOWI. Because there are often no SLOWI solutions for a sonobuoy, or no
reflections from a refracting layer, LINFT must be executed twice: the first
time with zero slopes to determine trial velocities and a second time with
estimated relative dips calculated from the trial velocities. If the dip
corrections are large, the velocities may change enough to warrant a third run
with recalculated dips.

It is usually necessary to calculate dip for SLOWI and LINFT
independently even when good output dips from SLOWI are available.

Reflections are observed over a much shorter range (8 km distance in 3000 m of
water) than are refractions, (12-30 km distance) and, therefore, are affected

by layer dips only in the first part of the sonobuoy record.
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Dip corrections are not included in the data sets output by the
digitizing programs, and therefore, must be entered into the data set through

the text editor.
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Figure 14 Convention used by SLOWI and LINFT to specify slopes
of interfaces.
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Appendix G
Examples of digitizing programs

The following appendix contains complete examples of both
LINDIGIT and SLODIGIT, the Tektronix programs for digitizing
refractions and reflections. The examples illustrate the complete
process for digitizing the refractions and reflections from
a single sonobuoy statien, but do not explore all the possible
options and variations that are available within the programs.

Either digitizing program is located and invoked by means
of the "AUTOLOAD" function. To use, simply insert the program tape
into the 4051 and press "AUTOLOAD". Much of the program is con-
trolled through the user definable keys (UD #), and occasionally by
the FLAG buttons on the cross hair cursor. When these buttons are u:
a note is included in the margin of the example listing.

The refraction record is a rather straightforward record of
a deep water sonobuoy with both sedimentary and sub-crustal ref-
ractors. The option to calculate a seafloor refractor (velocity =
1.55 km/s) is requested, and five points per refractor are picked.

The example used for the reflection digitizing is from
the same station as the refraction example. However, the reflec-
tion digitizing must be done from two records. The direct times are
picked from the 0 - 8 second record, while the reflection times
are picked from a delayed 6 second record.
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Appendix H
Examples of reduction programs

This appendix includes examples of the reduction programs
SLOWI and LINFT. Shown are the input and output segments only.
Refer to section IV.4 to determine the process for executing the
programs themselves. The input segments are the same as those
listed in the introductory comments to the program 1listings.
(See Appendix J.) Furthermore, the input segment for the SLOWI
example is derived from the output of the program SONOMODEL, (see
Appendix I.1), and is based on the test model of Figure 5. By
comparing the SLOWI result with the input model to SONOMODEL, one
can verify that both programs are operating correctly.

The LINFT example is shown twice with identicel input data
sets, save only for the output parameters. The data listings are
suppressed in the second example ( ISSW1 = 1),

The examples used 1in these programs are included in the
introductory comments prefacing the program listings (see
Appendix K), so that if these programs are installed elsewhere,
test programs are available for comparison.

Note: No attempt has been made to describe the output
tables produced by these programs. However, a considerable
amount of information is available, which can be inveluable in
interpreting the results. This is particularly true of the SLOWI
output 1lists. To 1interpret this information fully, refer to
Knott & Hoskins ,1975.
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The
.165), so that

This example input data set is described in the comments
the results could be compared with a known input.

prefacing the SLOWI program listing (App. K, p.201).

output result from this data set follows.
The data for this test program was artificially produced

through the program SONOMODFL (see App. T.1,

Example of SLOWT input data set
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SLOWI output listings from test data set.

Refer to Knott & Hoskins, 1975, pp. 51-59, for 3 complevt

t listings.
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Example of LINFT input data set

This example input data set is described in the comments
prefacing the LINFT program listings (App. K, p. 10%),
Refer to the listings for description of the input parameters
and formats. The output result from this data set follows.
This data set represents real data, with slope corrections
included. The output parameters (ISSW1) specifies that
all data shall be listed.
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LINFT output listing from test data setv, comp
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Appendix I
Examples of interpretation programs

This appendix contains two sections:
1. Example of SONOMODEL
2. Calculation of sediment thickness versus travel time
curves: Example of program POLYFIT.

The model used in the SONOMODEL example is also listed in
the introductory comments prefacing the program listing
(see Appendix L). The printed output from the program is listed
after the model input segment, and the plot result is shown in
Figure 15. This plot is also used in Figure 5. The modelling
program also produces from the calculations of the reflection
hyperbolas, a data set of direct time - travel time pairs that
can be input to the wide angle reflection reduction program,
SLOWI. We have used the SLOWI formated output set from this
model example in our SLOWI example (see Appendix G).
The close correlation of the model input to SONOMODEL and
the SLOWI results indicate that both programs are working as we
would expect them to.

The second part of the appendix illustrates the
use of the polynomial regression program POLYFIT. This
program is available through the Tektronix Plot 50
Statistics Package, volume 3. Complete instructions
for it's use are contained in the manual for the stat-
istics package.

In the example, the regression program is used
to fit a third order polynomial equation to depth and
travel time solutions from sonobuoy data of the Bering Sea
region. The solution, depth as a third order function of
travel time, is shown at the bottom of the figure. The
solution is constrained to pass through the origin (0 thick-
ness at 0 travel time). A curve or equation of this type
is very useful when converting travel times from vertical
incidence seismic records to true depth.
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SONOMODEL example input data setu

This example input data set is described in the comments
prefacing the SONOMODFL program listing (App. L, p. 215).
The input parameters and formau are described there.

From this model , an experimental data set was constructed
for input to program SLOWI. The results from SLOWI (p. 159)
compare very favorably with this input model.

This model was used to produce the SONOMODEL plots shown
in Figures 6 and 15.
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Output listings from SONOMODEL example
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Figure 15 Example plot output produced by SONOMODEL. Model of a deep water
(3750 meters) sonobuoy station. This plot is also used in Figure €,
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A Sediment thickness versus Travel Time Curve

An equation for sediment velocity as a function of travel time can
easily be computed from the wide angle reflection (SLOWI) and refraction
(LINFT) results. A good approximation to the velocity-travel time data is

obtained with a third order polynomial (Houtz et al., 1968):

V

1))

Co + CyT + C,T* + CT3 (A)

where the C;'s are the coefficient, T is the one-way travel time beneath the
seafloor, and C, is the velocity at the water-sediment interface. Usually, a
large number of data values from sonobuoy stations in the same physiographic
region are used to determine the coefficients by a least squares fit to the
data. If sonobuoy data are sparse, the coefficients can be determined by as
few as four velocity-travel time data pairs.

A more useful equation for sediment thickness versus travel time is
obtained by integrating the above equation:

D= [vde = ¢, +c0T+%c1T‘+-§-czT’+;’cs

()
where C_1, which is the thickness at zero reflection time, is normally O.
Using the thickness versus one-way travel time equation (equation B),
reflect ion times in vertical incidence seismic profiles can quickly be
converted ;o sediment thickness (or depth below sea level, if the water depth
is known).

A computer program for determining the third-order polynomial equation
to the velocity-reflection time data (equation A) is available on the
Tektronix 4051 through the "statistical package". Complete documentation for

the program exists in the Statistical Reference Manual. An example of this
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analysis which was performed on sonobuoy reflection data from the Bering Sea

is shown in Figure 16.
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ALEUTIAN BASIN :
SONOBUOY DATA

8.00 T 'R 3
+ y/ !
%
6.00+ . *
9 “ '
Sediment R
thickness 4.00¢ o A '
(km)
+ ¢ F
k 4
2,004 Vol
o=
0.00 + —+
0.00 100 2.00
One -way reflection time
(sec)

Polynomial regression:

d= 1287t + 0.931t2 - 0073t

Figure 16 Example of polynomial regression used to determine
sediment depth (in km) as a function of one way
sub-seafloor travel time (in seconds) from
sonobuoy data in the Bering Sea deep ocean
basins.
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Appendix J
Listings of digitizing programs

This appendix contains line numbered listings of the digitizing
programs LINDIGIT and SLODIGIT. Both progams are in Tektronix
BASIC language. Special characters unique to the Tek language are:

G (control G): rings bell

H (control H): backspaces the cursor

Jd (control J): moves the cursor down one line
(control _): " " " " " "

(control K): moves the cursor up one line
(control L): erases the screen and moves the cursor
to home

==

- arithmetic symbol to indicate exponent
(e-g. 2‘3 s 8)

These characters do not print, so they are shown simply as

the upper case letters or underscore. Their context, in print or image
statements, identify them.
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1 REM LINFT FORMATTED DIGITIZING PROGRAM SONOBUOY REFRACTIONS
2 INIT

3 60 70 100
S6 REM MULTICS LOGIN

S7 FIND 7
S8 CALL *"LINK",100
59 RETURN

100
110
120

DIM AS(40),8%(40),2%(1),Q5(1)
PAGE ’
PRINT a32,26:2

130; SET KEY

140 SET DEGREES

145 PRINT " PROGRAM LINDIGIT REFRACTION DIGITIZING___"
150 PRINT "Enter heading for sonobuoy”

160 INPUT AS

170 PRINT "_Enter date of sonobuoy run"

180 INPUT 8%

190 PRINT "__Enter horizontal sound velocity (in km/sec)"”

200 PRINT " (ogefault = 1,485 km/sec) "
210 B1=1.485

220 INPUT VS

230 IF v$="" THEN 250

240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
4«30
440
450
460
470
480
490
500
510
520
530
540
545
550
560
570
580
590
600

Bi1=VAL(VS)
PRINT "___Enter average vertictal sound velocity (in km/seg)™

PRINT * (default = 1.5 km/sec) "’
B7=1.5

INPUT VS

IF ve="" THEN 310

B7=VAL(VS) X
PRINT "___Enter number of layers to be digitized: ",
INPUT N1

PRINT Y__How many points per layer do you wish to pick?"
PRINT ” (default = 5) "
N2=5

INPUT VS

IF v$="" THEN 390

N2=VAL(VS)

GOSus 420

60 70 630

REM FOLLOWING LINES ARE A SUBROUTINE TO SET ORIGIN AND SCALE
PRINT "Ltxxee Position sonobuoy on digitizing tablet xxkrwnl
PRINT *__Set the origin of the sonobuoy record.”

INPUT 28:XrY02$8

PRINT "GGG__Determine the scaling factors"

PRINT "_Nark the time tick at the bottom of the record.”
INPUT 28:X2Y02S8

PRINT "GGG"»,

REM CALCULATE ANGLES. FOR COORDINATE ROTATION
A1=SINCATNC(Y/X))

A2=Y/X

A3=COSCATN(Y/X))

PRINT "_How many seconds long is the record? "

INPUT § ..

X=Y*AT4X*AD

E3=S/X

PRINT "____D0 YOU WISH TO CHECK THE TIME REFERENCE MARKS?"
INPUT @3

IF Q3="N" THEN 620

1F Q3<O"Y” THEN 560

Gosus 2110
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610
620
630
640
650
660
670
680
690
700
710,
720
730

IF 2<B8 THEN &30

RETUKN

PRINT "LDOES THE RECORD HAVE A DEEP WATER DELAY?"
INPUT Q%

IF Q3="N" THEN 760

IF Q5<>"Y" THEN 63D

PRINT “_WHAT IS THE PRECISE WATER DEPTH (in 2 way seconds)?"

INPUT B¢

PRINT "__MARK THE SEAFLOOR AT THE FIRST RECORDER TRACE (x=0)."

INPUT a8:X,Y,2
PRINT "6GGG",
X=(Y*AT+XtA3)«B3
D1=86-X

740 B4=D

750
760
770
780
790
800
810
820
830
840
&850
860
880
890
%00
%10
920
930
940
950
960
970
980
1010
1020
1030
1040
1050
1060
1065
1066
1067
1070
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1175
1180
1190

GO T0 930

PRINT "__MARK THE DIRECT ARRIVAL WHERE IT INTERCEPTS THE FIRST"

PRINT "RECORDER TRACE (x=0).*"
D1=0

INPUT a8:X,Y,28
B4=(vY+A14X*AT) B3

PRINT "GGG__MARK THE SEAFLOOR REFLECTOR AT THE FIRST TRACE (x=0).'

INPUT @8:XeY,18
PRINT *GGG"~
BO=(Y*AT1+4X*A3)*B3
B6=B6-B4

"” -
L4

PRINT "__DO YUU WISH TO INPUT A SEAFLOOR TIME? ",
INPUT Q%
IF Q$="N" THEN 930
IF Q$<>"Y" THEN 860
PRINT * SEAFLOOR TIME (2-WAY SECONDS): ¢’
INPUT B6 '
REM THE FOLLOWING VARIABLES ARE:
REN V1 - ASSUMED SEAFLOOR VELOCITY
REM 01 - OQUTPUT DEVICE NUMBER
V121,55 )
01=32
N3=1
REM CALCULATE ASSUMED SEAFLOOR REFRACTOR, VELOCITY = 1.55 KM/SE!
PRINT "__DO YOU NJSH TO ADD AN ASSUMED SEAFLOOR REFRACTOR?
INPUT Q%
IF G3="N" THEN 1180
IF Q3$<>™Y” THEN 1020
N1=N1+1 .
DIM DI(NI/N2),R(NT1,N2)
p=0
R=0
N3=2
PRINT "__WHAT IS THE SEAFLOOR VELOCITY:"”
PRINT * (cefault = 1.55 km/s) ",
INPUT VS
IF Vv$="" THEN 1130
Vvi=vaL(Vs)
FOR I=1 TO N2
D(1,1)=1x2 -
R(1,1)=(B1+D{1,1)+B6*(V12V1-B7287)"0.5)/V1+8B¢
D(1,1)=0(1,1)+B4
NEXT 1
GO TO 1260
DIM DINI,N2),R(NTILN2)
0=1

174



1200
1260
1280
1290
1295
1300
1310
1320
1330
1340
1350
1360
1365
1370
1380
1390
1400
1410
1420
1430
1440
1450
1460
1470
1480
1490
1500
1530
1540
155C
1560
1570
1580
1590
1600
1610
1620
1630
1640
1650
1660
1670
1680
1690
1700
1710
1720
1730
1740
1750
1760
1770
1780
1790
1800
1810
1820
1830
1835
1840

rR=0

PRINT
PRINT
PRINT
PRINT
PRINT

FOR I=
FOR J=

INPUT
D(1,J)
PRINT
IMAGE
IMAGE
INPUT
R(1,J)
PRINT
NEXT J

"LSTART DIGITIZING THE DATA POINTS"

" Pick first the direct times, D(i), and then the
” ractor times R(i), for each data point, *’;
USING "20,"" picks""":2«N2 ’
v must be made for each refractor.__
N3 T0 N1

1 TO N2

d8:XeYPl$

S(Y*AT+X*2A3)2B83+D1

USING 1360:0(1.,4)

"666",3D.3D,S
*66",30.3D,8
o8:XeYW28
=(Y*AT+X*A3)«B3+D1
USING 1365:R(1,J)

PRINT USING 1420:

I1MAGE
NEXT 1
PRINT
PRINT
INPUT

1,"6GG"#S

@32.,26:0

" DO YOU WISH TO SEE A LINFT FORMATTED DATA LIST?"

Qs

IF Q@3="N" THEN 1500
IF Q@8$<>"Y™ THEN 1450

Gosus
END

REM

REM

PRINT
PRINKT
PRINT
PRINT
PRINT
IMAGE
PRINT

FOR I=

PRINT
NEXT 1
PRINT
PRINT

FOR 1=
FOR Js=

1530

GOSUB TO WRITE OUTPUT LIST AND LINFT FORMATTED
QUTPUT SET TO TAPE

L LINFT FORMATTED OUTPUT LIST"

@801,12:A8%

a0l1,12:B8%

@01»,12: USING 1600:87,81,-B4
3D.4Ds3D.4D," 1.0000",4D0.3D
#01,12:" 1 1 0 p*

1 TO0 N1

801,122 USING "2X,2D,S"2N2

801,12: USING "/":
@01,12:"1.5000"

1 70 N1

1 TO N2

I1F 01<>32 THEN 1730

PRINT @01,12: USING 1710:0(1,J)+R(1,J)
IMAGE 2(3D.3D)sS

G0 70 1750

PRINT @01,12: USING 1740:0(1,J)+R(1,J)
IMAGE 2(4D,3D),S

NEXT J

PRINT @01,12:

NEXT 1

PRINT @01,12:" o

I1f 01<>32 THEN 1870

PRINT "____00 YOU WISH TO WRITE THE OUTPUT TO TAPE?"
INPUT Q%

IF Q3%="N" THEN 1870
IF cs<?"v" THEN 1800

01=1

GOSUB “1890
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1860
1870
1875
1880
1890
1900
1910
1915
1920
1922
1925
1928
1930
1940
1950
1960
1970
1980
1982
1984
1686
1988
1990
2000
2010
2020
2030
2040
2050
2060
2070
2080
2090
2100
2110
2120
2130
2140
2150
2160
2170
2180
2190
2200
2210

2300
2305
2310
2320
2330
2340
2350
2360
2370
2380
2390
2400

6O T0 1570

FPRINT ©32,26:0

PRINT @01,2:

RETURN

REM FIND TAPE FILE AND MARK

PRINT "LINSECRT THE OBJECT TAPE IN THE TAPE READER."
PRINT "__WHICKH TAPE FILE DO YOU WISH TO WRITE TO?"
PRINT “(TYPE [999) FOR A TAPE LIST)"

INPUT N

I1F NC999 THEN 1930

GcosuB 2300

GO0 TO 1910

PRINT 801,0:0.,0.,1

FIND @01:N

INPUT &01:C$

PRINT "__THE HEADER OF THAT FILE READS:"

PRINT €5

PRINT #01,0:C,0.,0

PRINT *__DO YOU STILL WISH TO WRITE TO THIS FILE? ”;
INPUT Qs

IF G3="N" THEN 1910

1F G$<>"Y" THEN 1982

PRINT *__D0 YOU WISH TO MARK THIS FILE? ”;
INPUT @S

IF Q$="N" THEN 2090

IF Q$<>"Y" THEN 1990

PRINT "__ARE YOU SURE 7 ]

INPUT Q%

IF Q3="N" THEN 1910

IF C3<>"Y"” THEN 2030

FIND 201N

MARK a0121,(8+N1)*80

FIND @01:N

RETURN

REM 60SUB TO CHECK REFERENCE PICKS
PRINT "LYOU CAN HERE MAKE ANY NUMBER OF DATA PICKS IN ORDER"
PRINT "T0 CHECK OUT YOUR REFERENCE SYSTEM. WHEN YOU ARE"
PRINT "SATISFIED, PRESS BUTTON NUMBER 1 ON THE CURSOR."
PRINT "T0 RESET THE ORIGIN, PRESS BUTTON NUMBER 2"

INPUT 98:XsY,2

1F 2>1 THEN 2210

X=(Y*AT+X*xA3)%B3

PRINT USING ”""GG”"IZD.3D":X

GO TO 2160

RETURN

REM SUBROUTINE TO PERFORM TAPE LIST AT ANY DEVICE

PAGE

PRINT @01,0:0,0,1

FOR N=1 TO 999

FIND @01:N

INPUT ®01:CS

PRINT €S

C$S=SEG(CS,9,4)

IF CS="LAST" THEN 239D

NEXT N

PRINT 301,0:06,0,0

RETURN

.
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Appendix K
Listings of reduction programs

This appendix contains line numbered listings of SLOWI and
LINFT. The absolute pathnames for these programs are:

>udd>Marine>JChilds>sonobuoy>slowi.fortran
>udd>Marine>JChilds>sonobuoy>linft.fortran

The introductory comments prefacing the program listings
describe the input required. All input is from fileDd5

and 211 output is targeted for file06. Therefore, file attaches
must be made to these files before executing the programs.

Both programs have been modified to run on Honeywell 60 series
computer under Multics., and are compiled with Honeywell Multics
fortran (release 4)., The pathnames of the object segments are:

>udd>Marine>JChilds>sonobuoy>slowi
>udd>Marine>JChilds>sonobuoy>linft

Program SLOWI consists of a main program and three
subroutines. The main program and subroutines are numbered

sequentially, but the subroutines are set off on separate
pages.

192



VL) sabues 30 ssped - (I)VIVAAC(I)VLIVAX :eleq

(£°830L)1vni04 PuUdI - ¢ pae)
J03IRIJ 34 ISINO)LEYS IAOQE AILI0}3A eDRIIAE - 013AV
(9°24)1VNHO4 (AJuO $33$ RPIEPP UOLIIRJHIJ 4Oy PIPN]IduUY) g pJe)

L TYRY 1-T IV XY
S| |9ARI] 4O UOLIIIJILP IY) UL PJIEAUAOY 300§
0°0 = (¢)d01S “e€ydle = (|)d01s
URY) “eyd)® “3200)S 9iN)O0SQE JENDI ARy
$J34Av] aA155320Nns Ony 3y °*°b6°a) “*anoqe
J34®) 34y) O 1230834 YI¢n 234€) 0 300§

°$234D3p Uy $S294R) )0 S200)S JRIUIWIIIUL - (])dOIS

(£°2301)ivNE03 (SJ94€) (| uey)y Js0w i 7y pue) 9 pue)
"J34A€) J€y) O ys O) weabosd ayy asner Jm
e3ny3ebau | *J13AR)} 430 $SIULOU 0 JIQWNU - ()N

(70S1)1VWUOS $ pae)

200}s J40) S$S123440)3 ( =

SUOL 3234402 2d0 S $d4 S it = EASS
WL JIARIY IARA LIIRA JIIIYP Sy dduRISIP O =
($4932w0 )4y Uy) sIburs anuy e saduelsip |

s(3bura) (1)vivax J40) SILUN JNAUY 32412308 - ZASST
ejep Induy $3s}) Q0 =

Buyisy) elep SIwW0 | = (ASSI
SU0E3I9)}3J4 (O =
SuU0y3IRIIs | =

A)JRL3guUl BIEP )0 04A) $34,42805 - (OMSS]

$ajqe)eaR 2R SUOi}dO

Buyn0)110) Iys °*J0U 40 PIJISIP S} UOHIA0 Ayl JIYIaym
uodn BujpuIdIp ¢ J0 Q I3YI1d O} 31IS Sy d)QriiEn
Yoea 0 anjeA ay) “*wesboid ayy Uiy A padyjLlads

3Q 0) SUOY 00 SNOYJIEA L0 MO))® $3]QeLJICA NSST Iy}

SNSSTY2MSST “INSSTYONSST
(719)1vwdoy y pJe)
SPUOI@S Uy UOGL123J40) 0432 awil - Y1134
(SPUOIIS uU| 4@ SINjeA INduy 1)1® 3} 0000°L
a 37¥IS) °PUOIIS/IIYIuy Uy JOIIR) )25 -~ IS
43)18R U} AJ120]3A PUNOS JEJUOCZIIO0Y - HA
Jalen uj AJLI0)IA PUNOS @I 43A URIW - INITA

(£°8479°838) 1vNY03 § pJe)
(7Y0L ) 1VWH04 *333 si1aqwnu A0NQOUOS ¢3syNJd 40 jaqe) - 3ISINYD

2 pie)
(9901 ) 1VwWH04 AONQOUOS JO uNJ ;O awj) pue 21ep - JONVI

\ pie)

$g3dino3y i1NdNI

“IINIGIINT TIVWHON ST 3INTVA Wl

T3AvHEL 1S¥I3 SINNSSY NOJLIVINGWOD 3INIQIINI ¥O00TI4v3IS 40 3TONV
“HIV¥3 SINIOd 3IAl4

-AIN3IA3S 01 d01 A8 QILVINITIIQ SIIVYL NIILIL14 SVY ANVW SY SITONVH

SIVALTYYY NOILIVYHIIY 40 101d 3IwlL

13AVAL - FINVE 80 “STIVALUMY NOI1D37434 3n01780 40 107d dA3yvnes
INEL 13AVYHL - G33vNOS 3IONVY 01 3INIT ONILLIL4 404 WYHOOUd - INID
SNIXSOH dHiOV
43d00) v ONV SQ1IH) °F A8

(A907039 3INJYVW J0 3I1340 “Xldvd OINIW) S9SN 404 Q3SIAIY

Q9L61L AYVANVE 22 31va

INIT Wy¥90Uld

VU RMLULDLWLUUPNLLOLVLLRVLUUWULULWYRVLUVRLLDEULDRULPRURDUODULVULDRLRRVLRLUVUYRUODLDLUVLVLLELVVLVLYY

FNMNTNORA OO e NANMIVOANDOCOD " NMIYNOAROO s NMINOAKOCOrrAMNMITNIOA®OC
e e e rerer e NANNNNNANNMMIMMMA MMM I T TS T TV N VNN NVANNe

- NnONDOoC
-

193



S RRE]

0=(

“0a(3)216ue

9=1Nn0 )

Sauyt

((2eeX=}))abS/x)uele 3 (X)uisae

SITLINW B804 A¥VSS3IIN NOJFIINAS INIWILIVLIS NVYLIHOY

(D1)e81nI27(G1)Aybry
“(S1)018344(G51)0I9q7(G ) yd e (G1)A0)5-(52)31Bue s (91)yidap
CCSIINIVI0/(GL) AR AL (G2 )RIRDAC (G )RIEPRI(G)1RAAAY(G) @A

(S2)SRI9(GL)ICAAI(G2)IRARS(QL)UC(0L)IOUR} UOLISUIWD

0

76%7°2 62.°8

08¢°¢ 09s°8 0s1°2 000°8 020°2 $69°¢ 928°9 s1ece 6L9°9 09¢°9
098°9 si2°e 08s°9 092°9 966°6§ 19 99¢°¢ 062°Y

6%99°¢ $69°¢ 8L sK2°2 0x8°9 0ye*9 921°9 19°s 219°s 062°Y
§22°0% 020°0F £9%°% 020°% 00s°9 020°9 8€9°y 020°% SaL2°2 020°¢

00§°1

000°0 001°0- 0040 000°0
9 ? S $
0 0 o0
$20°0~ 000°1 06%°F 00S°t
8 1531 AONWONOS
8261 ludv |

198 ®JUp UOHIIVIJII INAUY I|dwex]

(18814 $SNOT1231330

JHL LNd SAVAIY “0Y0)34 3IWYS 3IHL WOUJ SNOTLIVEII8 ANV

SNOI11237343y8 HLIA °a¥0)3¥ ¥3IHLIONV WO¥S VvIVO NOILDVEIIY

IHL MOT04 AINOA ¥O “LSyYId 3WO0D GINOM NOTLDVYIIY

JHL AVYHL 0S S13S vivQ 3IHL IINVEEY  °Q¥0I3¥ INIY¥I

~310 vV WOUJ Viva NOLLDVH4IY AB AT3LVIO3IWWI 03MO0TN04

ViVa NO11J3743y8 ON 36 11VIA 3J¥Y3HL LVHL IWNSSVY 3IM)

*G¥0)3¥ IWVS IHL WOMJ L3S NOILDI3T3138 VvV ONIMNOIT04 NOIIL

~Jdyd3d38 v SI 11 SSIINA (213 “S83i3Iwvivd “3S1Ny)

“31VdQ) viva INgNL TV SIvino3y 13S VIva HIvI

®*3IA1L1S0d 38 QINOHS NI3IHI]1 “NOILDIVYHI3IY V JO SI

Viva ONINOTIT104 3HL 41 OGNV 23IATLVIIN 38 0INOHS NIIH)II

2138 NOI12374348 ¥3HIONY ST vIVO ONINOTI0S 3HL 41

27NN 40 0437 38 GINOHS XI3IHIT “viva IN3INDISENS ON

S1 3¥3HL 41 °SMO1T04 viva LVHA NOJN ON3Id43IQ 1IN

ANV “Q8Vv) 3HL 40 SNWNT0D N3IL (S¥14 3HL NI Q3NIVL

~NO) 38 QINOHS X%IIHIT 40 3INTIVA 3HL °A3LHISNI 38 1SNwW

(X23HIT) Quv) X%IIHD) ¥V 43S vivQ HIVI ¥314Y  °$371404d

NOTLi)vyi3y ONV NOIEDINII8 40 NOLLVYNIGWOD ANV HILIM
“S13S VIVA 40 Y3IBWAN ANV 00 1IM WVYI0lUd SIHL

SA0Y 10} 39S ®JEp UOLIdea}3a |+
$A0) 10} 13S ®1EP UOL3II|JId |-
nO1 10} $33S ejep JeuoL)ippe Ou
19s elep 0 pud buir)yeubys paed - XI3IHII
(91)1vwidod psed jeury
“(SPUOIIS UL) SIwL] (IARJ]) Pue
(n01aq 2MSST 335 :SJ3JawOl iy JO SPUOIIS

VU UV UULWLWDUELWLRLURUUUDULDUWUUULUUUUUVUUUUULVLULUUUDUWUULULUYLY LYY

a21
[ 39}
gil
L
911
St
741
£l
2Ll
tie
oL
601
801

194



(247 ,=5NSS1

y@auszay 49 op
$3d01S 31N70SAV 01 S3d401S IVINIWIHINI
82562°LS/ ()00 52 (1)do s

Jddusixt 9 op

(£°2)0L)1ewaoy

(492U 1x12(1)001S) (920L“3INOL)AI4un
(J@4u? 1 x12(4)0015) (Y20L7uLL)peay
(..S3d01S HIAVYY TVINIWIYINI] w)lCWiO}y
(£20L73n0y) a3 un

(7¥S1)10uwioy

(332U’ a1e(4)u) (L20L43IN0L)al1an
JaNuLIuol

L+)d4uxjaau

SYYYIGY ((1)u))y

SL’Ls) yy op

143ANO) 2
L9

y201

£201
[X4{' 1}

vy
Sy

SUIAVYY 0 ¥3IEWNN LINNOD 2

PEYXRIY

(SLYL®32(4)V) (L20LYULy)IPRIY

(uld3IAVY HIVI SINIOd 40 H3IBWNN ,)iCwi0)
(S00L73n0y )33 1un

w’2t?,82nS8S1 w?2t s LASS] w’247,%0NSST ,)1ewaoy
EASS /2RSS L/ LASEL/QNSS Y (L06/IN0Y) 311N
(Yiy)itwaoy

CASSII2AEE L/ ASSL/0NSSL (067U 1)IPEIY
Os(g8L)v

0s(LL)v

Qs(9i)u

0=(4)v

0=(1)do)s

“0s(t)wrilo

“O0s(trdae)a

*0=(4)yrdap

SL’L=y S OP

91€2%8a21028

L EIEIRLEEY

(€723

‘uE880) 0HIZ IWILLIXE/Y L} ?,8)IS/HINTL  ,/79°L}%u313A,,

‘% ONNOS TVINOZLIHOH, “%XE79°2) 7,2 13A ANNOS LH3A NVYIW ,)iRwJiOy

€)1 ap | EISIYAYJULIA (Q20L7INO} )AL AN
(£°8)79°835)10uwa0y
€119p/31€I5/4ALJULIA (1002°ULL)IPRIS
(yeQLouGS7yRQ L7, ,)i%wWa0y

(9e0L) 18wI0y

a4NIDCATINID (Y001 4INOY)IILN
284NJ4I (goQ2luULl)pral

(9801 9%G67,, L)ICWIO)

I0URL (£00L43IN0OL)23Lan

(Ye(0L’ w)IC®WIO)

¢ louRy (200243Nn01)atLan
(yeQiL)i1ewi0y

IouRy (200L7uiy)IprId

Cu wdltWaoy

(L00L?3INOL) @Y LI

SUotL
1006

goe

St

12}

020t
Lt00¢
2001
8002
€001
2002
200t

L1001t

SY¥ILIWvEvd HIINI 2

(/77,9264 83BW3D30 2 ,,*%8/7,113 HVINIT WYH890Ud wlnba)ivwaog

(000L°3Nn0L)aLunm
*Dx=e))ap
“L=dleds

0°L=4328

b}
600t

0%t
6L
821
L
9N
S
Yt
£
173}
(X3}
0t
691
891
91
991
St
2914
£91
291l
L9
094
[ 3]}
L 1Y)
491
951
$S1L
761
£51
493
LS
(19}
691
871
71
291
sy
271
€91
a7t
L7
uri
[ 1Y}
8Lt
134}
9%l
ssi
2¢l
£5l
a8t
Lt
ostL
621
821l
L2
921
st
221
£t
¥4
(¥4}

195



(V)1eAake2iwnsz2 uns
daAw)szy g2 Op
*Qs2iwns

0¢
[x4

S$34vNBS 1 wWNS 2
INIT SIHvNOS tSv3T 114 2

eNui Juod
(4)1eake () 18ARz (1) 1AL
(1) 1€AKS (1) 1®ARR (L) AN

2
ot

3

$33vyul NOIAD3T434 3NOLITIBO0 04 S3INTIVA Iuvnos 3

01 o3 o6 (Q*aucgmnssy)
TO(RIIEAX (0TI (1)IRAN) )y

0437 01 SIINVY 3ATLVIIN 135 2

(1) 1erhha(t) €Ak
($)1eANK=($))CAK

((£)dONS) U SeIUy YA () 1 OAKA= (1) 1 €ANRKR (1) AKX
¢S 03 06 (Q°auc(QMSSy *J0° QO IUEASSL) )

SS
29
S

NOT11J3880) 340715 LIw0 OL NOLLGO 2

YAslg)1®ANNz (L) j@ANN
g 01 06 (Q°au°2nssy)yy

?

11 3AVA 83LvA 103810 NVH) Y3HIVYE SIONVY 3SA 04 NOJLdO ?

21835/ (€31P+(1)8I8PA)a( ) 1oAkA
. L1©38/7433€)5( 03 )13ps(1)03WPR)a(}) 10AKK
J3Ae) 7 =y Oy OP
(Johe v sy ()r0iephs(j)erepx) (£0027Y})PEIY
(247, ¥3AVY ) lewaoy
f (200173n0y)338an
(LIN] 9NV S3 VAL :
‘. VAG 23s Wi vival vivag wl)i®wioy
(900173n01)331an
2% 03 0b (p*aucinssi)
2g 03 ob
rthw.:-lovst
(Lep)ua(y)u
fre7lay 28 Op
(Eedoauyafny
(£°9i01)Iewioy
(farep=poqprerephoy)urepun) (§0027uls)peay
(d34@1-)alny

2001
27

9001
£

28

£002

08

SINIOJd ViIVQ QJi1341)3dS YIA0 dIXS ?

£22708 (494e1)
(frusasadke)
Lel=l

"8
6l

SINIOJd Viva Qv3y 2

(7°24745N0T2DVES3Y LSIMOIIVHS 3IA0EY ALII0NIA 3I9VHIAV L/)iew.o0)
0)ane (11047 3n0L)d LN
JULIARO IAR (9% *11°013ne) ¢
(CAFTSRLITFLY)
0)12A® (2002°uti)IPeay
64 03 o6 (Q°be°QnssI)y
(«37VIS 330 3INTVA (AGN] ) iews0)
(050143004 )934an (°g*3b° (e))ap)sqe)
(0§0173IN0L)a34an (*9°1b6°(21€25)s5q€) )¢
(0S01L73IN04)338un (9°1°3]1 YA a0°9 " *1b-ya) 1t
(0S0173N01)334dm (7°1°31°3U)IA®I0°9° [ *1b JuL)A) 1t
(0£0173N04)d3tun (¢E*Q"36°((1)001s)sqe)
(UE0L7IN01L)d38um (Gg*abo(L)yu) e
SLi=t 98 op

SAVHUY QGINOISNIWIQG NIHLIM 8O 378YNOSVYIY 3¥Y SL1NANI
(1=-4)00)54(4)d0S=(1)0A0}S

i1

1101

2002

0§01

98

AI3IH) 2
L9

092
of2
8t 2
[2X4
9¢2
€2
(2%
£82
(474
[3%4
1} ¥4
622
822
22
922
€22
7¢2
f22
222
b22
022
612
8t
314
912
(41 %4
L 2%4
£
212
tie
%4
602
802
L02
902
sue
202
$02
292
102
Qo2
661
g6t
61
961

764
164
261
Lot
g6l
681
8Ht
81
98¢
S8t
784
184
2dl
X1}

196



7 03 0b ("3b°fcs0° DI a0"Q Iutgnssy)
434e)1 9zt 69 0P 8
29 03 0b (QtauTmssy) 2$
SIN1Od 031NdW0) QNVY viva 1S11 2
2

82662°26+(b8S02)S0240a(t)I)bue 2
($)18AAA (L) 18AALA2bRSOD
19he192a1 25 Op
2% 03 Ob (Q*dqucymnssicaoc*eucl),
Ivdl LSHEY ¥U4 ¥OOT4vIS NO 3INIGIINI 40 319NV INIWYILIQ D
>

(Qe (L) 1CANSR) (1) }8AAx(})Sl 141

dake)s =L g Op 92

INET Q34113 NVHL (43d33Q) ¥31v3I¥D INIOJ vivd SNVIW 3INAISId 3ALLISOM O
INEDY 9NILLII 1538 wWOUJ SNOTAVIA3Q QNl3 2

k)

(“Coo®eG2%¢="1)/(("2ew(®eg®|)="1)34DSsqes2°0)=([)yr0ap L€
92 03 ob
*0=s({)yidep 2%

2E728718 (CL-®eS L)t

*431vA 1y 38 0L N3IGENBYIAD 2

UNY SSINLYII SIWNSSY - FIVIENS INILIVYIIY Y04 HIJIA WNWINIW 2
Q=({)wiiao

8/ s (f)ane A 6
k)
22 o) ob
JIIC eI () YOANR(L) ) OAX 92

d32@ e (1)1 CANXZ( L)1 OAXX
d3keyo =y 92 O
(£°24%,20311ddNS HA,

AT LB O INIBV DY HALNECE LI 2LnB01DVS o) AEWIO, 6004
YAYYYALIIIE,) (6001L7IN0E)ITLIA
WPLEL
2328 ) syAayya

(1)3AR)A/ Uy ARIIIEy 2

°$378V1L SMIHLILVW H1IA 3349V
ALIJ0T3A TwDILY¥IA NVIW InvW 01 OS S3IONVE 01 Q31Vddv SI1 NOILIIHE0) 2
JUNVY LV INIWY3IL3Q 0L LTNITJ410 38 AvW IAVYA HILVA 1DIW1Q 3SNvI3IE D
9221792 (L=waN) 4t
*2/(f)wsdaos(f)aneras()yrdap
((Q)3qe) 1absx(lHwiiso
((®/°1)8qe)3absx([)dne)A L
6 0} 06 (Q°aurQnssL) i
(2Pwns e 2puns —
XIPUNSy (1348 ) IR0} )/ (2IZPSw2PUNS2WNSyyPpUNS ) xq
(2PWNS ¢ 2pUNS ~
XIPWNS 4 (J3AR)) IR0} )/ (2IWNS2PWNS-2)2PSw (494A0))380);)a0

(1) V®AAe (1) OAXE212PSR212PS £2
dake)’sy g2 Op
cQs232pPs

2120 wnS 2

($)1®AXN (1) JEAXsIPUNSaypUnS 22
dehke)say 22 OP
*O=apwns

S3yvNOS 24 wnS 2

(4)18AXe2pUNSaZpuns (¥4
J9hkeye 2y 12 OP
*QszZpuns

S3yvNbS Q@ WNS 2

[1]039
662
862
L62
962
se2
762
f62
262
(X-Y4
062
642
882
2182
982
S¥¢e
74l
€82
282
132
0ge
642
82
222
92
s
222
| 974
222
122
022
692
892
192
992
$92
292
£92
292
L9¢
092
652
8se
252
9s¢
§se
2§¢
£62
2$2
(%14
0s¢
692
892
FALd
992
(%14
292
€72
292
(%24

1Q7



02°02°1¢ ((t)WAI0-(4)wLr]J40),
}34u2(ay gy op

Leral

wusizt ¢ op

L=494uzuu

48 @3 06 (|°ba*jaau) )

62

Hid3d A@ S1d3IJIH¥IINT NOILIVHNIIYN 1H40S I

y, 03 ob

o=f

L=-=OnSSt

9002°0004°1 (A23yd21))y

(0LY)Iewaoy

22342} (0002°vtiIPeI

(71/4,SNO113371338 - 103 ,/)1ews0y
(910473n01) 31 14n

(£°6)57€°9)7€°8)7S)1)1ewa0,

(HIWRIS071213P IULASRIIYIZ(H)IYIAIP/Y (2L0L4AN0L) 3B LIN
IIV2R/(°2an24Ya)duLA
(L=$)W}3J0-(§)wi3a0s22jap
C(L=$)43dap-(§)UATaIPaAI 1y}

fe2=1 L9 Op
(S°617%5b6°€°9)°%6°C°81%ulu’2Y)10Wa0y
CLIWEII02(L)IARIAZ(|)YIGIP (BI0OL4IN0OL)3DL4n
(ull 7438 ONI 21 AL12073A 2DIH1 HLId3IQ H3IAVY L /)dewioy
(240173001)3314n

L-(al

SISSINNIIHL ONVY S3ITEID0IIA IVAYIUNIT

62 03 06 (pcaucpnsst) i

64 03 o6
(£ 91 %ua(u’ L1 u)HIdINL’N278 2 %0 (u i} )NT11H0,.
N2 (W L W) IAVIAL N2 %L )% umB,, 2277947 uaY 3,) 30040,
(Hyadapsfe(frwyrsosfo(franelasfsqre (SLOLINOL)IILIN
(L°24°€°8)2)30wa0y
(1°94%,<,’8°8)L)I0ma0y
(L°94udu’s°BiL)VCwI0,
aNuULIVo)
(1)8337(y) 1eAko(L)enn
“(4) ~.>>>\Amvd0>-l\a*v.~.V>~— jyeyepn aﬂoc—‘uﬂcmvouwsl
69 ©0) 06 (Q"3u°pnIS}°pPUESID°0"I6°((1)521)3Qq@),)
($)S337(4)18AA (1) 1@ANS () 18AKK () 8ARNY(L)RIRPK
(1)CIEPN (9201 4IN0})IILUN (O IUTONSS I PUB G (016" (1)S34)))
(1)$332(1)18AK (1) 1RARY () YEAKA () 8RR ()8 IEPA
‘(1)eIepx (S20173IN0Y)ITLIN (0 IUTONSSE PUR GO 0-"3]1°(L)SIa) ¢
69 01 o6 (g°bacgassycpuecgepibe((1)sas)sqe) ;)
(FIS347(1) 1AL (L)) BAR () J8AAA (L) RANR (L)EIRPA
()R ICPX (Q2017IN0L)IALIN (O°DI"QNSSYpue g 0 36°(1L)s3a)yy
(4)S3a7(L)1RAAI (L) 1RANC (L) 18AAAI (L) RARRZ(L)RIRPA
‘(y)e1ePX (G20173N04) 324N ((°DA°QASSLPUR E N=-"I)1*(L)S34) )Y
67 03 ob
(t)a1bues(y)saasqyyrends(L)renn
(L) 18AAK (L) 1eAXN (L) RIRPA(L)RIRPX (BOOLZINOL)IILIN
67 03 06 (g°Q°ib6°((1)saa)sqe),
(4)16UR s (1)S2a2(1)1RAA (1) 1RARI (L) 1RAKK
CCE)IRANN (1) RIEPAZ(L)RICPX (9201°3004)d344m (£°0°¥6°(1)sdu)
(1)31bues(1)SIIs(1)1CAAL())1RANS () 10NAL
XXC(})RIRPAL(L)RICPE (S20L7AN0L)AILIN (L°0-"A1°(1)S34) 4t

3

27002
0002
9101

2101
[

8101
L0l

82
31NdN0) 3

4
E

S104
49
8001
92014
$2014
67

129

®J3S $10°0 < SNOIivIA3Q 2
9v¥14 ‘SNOTLIIvEd3y 404 2235 £°0 < SNOLIVIAIQ 9v14 *SNOILIITI3Y 403 2

09¢
6SE
85§
48¢
954
(339
75§
£5¢
[431
1€
0sg
69§
8%
(221
99¢
St
99¢
191
278
(%21
0%¢
[ 3%
8L¢
/3%
94s
SE¢
7§€¢
£5¢
I3
331
0fg
62¢%
82¢
(X4
92¢
st
"2%
f£2¢
22t
(X4
0¢s
[ 133
it
Lis
9.£
Sis
LA%Y
i
21§
(131
(/131
608
80§
L0s
90¢
sug
70¢
fut
20¢
10§

198



(3d401S

(HHrase1ns(Haybysp 2= 19p
((f)yo1e)s03 3 ise(f)anelAss 0a(l)a4ybry
“Ypoy~(l)wiriosawyia
((N)OARIA/ (1) IYbyyedbue) st Iyadtay
((N)€313Q)S0I4+((N)NYO)€)S$03=2bue
fx12L2x 96 op
(1=0)alny

(4bue)ursaes(|-1)ei2q

(A)IACVA/(|-1)IAC A((N)01S3J+(N)®I3Q)usSeqbue

INT 1

STRIES ]
-z
o=l g6 op

(b=OH=uxf
tfHHyoye=(f)eraq

$6 03 06 (L°ba{) 41
(cfrucieyupsy/cfraneraz(el)anea

(1)0183J4¢ (ebue)uisiexz(y)yae

(L=¥)3AR A/ (N)IARAS((L=N)YDI®)urSaebue
{22y |6 Op

26 03 06 (L°bacl)y
(1)01Sade((L+f)dne1A 0 10AR)uUSICx (| )yOY @
*0=113y

434u’i=l 06 OP

ALTI013A  XIIHL HId3IOQ  1dIINT  ¥3AVY . /)iewsoy
(£10123n01)3314n

013A® (LL0L?3N0L)3)sunm

3
¢

(4-4)0015-(})0015=(})01534
$34us2ay 68 0P
(4)901S=(()01524
*0=(1)yiaap
013ACz(|)IAC)A
(franerna(iefranen
fry-gd4uaf
L=als=(ny
Jdauciaxnfy gg op

S6
76

f6

26
i6

£i014

88

I3

IA0HY ¥3IAVT 40 ALTI0TIA WOMJ QINIWY3L13Q0 SINIWININT 3IWIL T3AVEL 2

¥330340°) ¥4314Y NOJLVINDWOD SSINXNIIHL OGNV AL1I0T3A a3

Lelaf

i-Caf
(L+3)001S=(y)do s
(L+%)W3140a(n)ws3a0
n’tlv0>.u>uaav0>!.~>
uuslay 92 op
I=}dauzj dau
L76L°SL ((h=-franera-(()anein)
uu’Zst 9y op
j9duzuUU

2at

1338303 3401§ 2

e
9¢

$¢

SNOJSUIANT A11I073A 3137340 D

anuyuod
ai1p=(y)ao)s
(1)0d0)5a(1)do)s
($)do1s=0tp

W0 =(y)wilio
(A)W41a0=(1)wiso
(t)wilJdozwilod

AR Az ())aAeQ)A
(N)3AR A (L) IARYA
(1)9A@ ) AzAR A

0¢

Ve

0¢y
6Ly
gLy
LY
9Ly
Siy
A%
£LY
LY
(X%}
oLy
60
80
209
90%
s0%
20%
fuY
¢uy
109
00Y
661
86¢
L6%
96¢
So¢
6t
g6
26%
(X319
06%
68¢
88¢
8%
98¢
s8s
738
18¢
23
(339
08¢
628
X3
X2
9%
$4%
(31
£t
I3
[X3Y
0%
69%
8oL
9%
99¢
$9%
99¢
£9¢
29¢
19¢

199



pud

ao3s

{ 03 ob

O=QnsSst

anuyIvol

12000275002 (WI343E) 3y

%3a434 (0002“uty)IpRey

(uSNOILIVH4I3Y - FO3 . /)3ewi0y
(0L0L#IN0Y ) 4unm
(£°L43€°6176°61°E°L°5°L3*5°01)%217u5) ewan,
30018731 19p
s(Leldanernccl)aubypyeciefdyidape(frwyiaosf (£L20143IN04)03tan
8562°4Sv(f)0ysaaxado)s

(fr4Idape(fraIybius(Le()yraap

000¢

$002

0101
4201
06

(2%
[$%]
4%
LEY
ogy
62"
82Y
2y
92y
sy
92%
2y
22y
(X4

200



(2151)1vWa0d

(91S)1VW804

(0°82°£°8479°848°0°84) 1vwd0l
(7v0L) LYWY04

(Ov0L)1IVYwW80J

*4d/ie) jJey) dyxs 0) wesbousd ay) asned )
“aAnjiebeu j]  *Jdde) 430 SJUL0C O Jequn

IN0JuJs0 $3563adans
s316ue Ic2uabaawa

n
y

(N
S p4e)

pue S3wjl JaA¢J) ¢sabuess INO sJupsd O = ELAMSSI

ylund sassasdans
s316ue adcuabiawa

pue sSawi) 19AeJ4) ¢sabues N0 saydund QO = 2(MSSI

4iddpp buipunos Oys’33 03 UO}J123440) SAOYLE |
yidap buipunos 0432 03 UO43I234407 SJ4W0
$31NS34 ONIVW dupINOIQNSE SISL) |

sdwyl) yaAes) pue sabues
PaINPIs 0 BuyIsyy GNIVW duINOIQNs s3i1wO
®iep INduy SIS ]
$384) ®jep INGuy S3Ijwo O

2nsSS1

iassl

onsst

ta1qe)jeAe 24e $U04IdO buIROL0) 3yl °I0U 40 PIJSLSIP
$) U0 IA0 Iy} JAYIIYM uodNn Bujpuadap ¢ 40 g 4y}
*weaboso ayl
UPYIIN SUOLIdO SNOJIEA 40) ROY)® SAQELIRA ASST dyy

0) 138 S§ 21QejIeA YOI O InyeEA Iy}

SLASST “2LASST “2ASST “(ASST “QAmSSI

9 pae)
(3933 092 40 021 “09 “A11e43udb)
*133) uj 74Yr0ap JuIwh0YdIp JuoydospAy - 4071430
SPUDIIE U} UOEIIIII0D 04X W) - VT30
SPUOIIS U} J4® SINYEA INAU} Y\ 3} 0000°4
s 31v2S) *PU0IIS/SIYIU} U} JO0)IR,; 8IS - 3FV)IS
235 /wY U} 3313w }2013A
WO0J4) Pasnseaw A)}230)13A PUNOS RIUOZJI0Y - KA
298wy uy ‘83198,
S,MIYIIRW WOU) A 201N PUNOS 18I 4dA URIW « AA
J43PpUNOS 04yl
WOJ) $4333W PIIIISI0IUN U} yIdaIp sd3en - Y IA4O
£ ps®)
233 ¢i13qunu AONQOUOS 3 NJII 0 YaQe} ~ 3SINND
2 pJe)
AONQOUOS 40 uNy ;0 dwWy) pue Ijep - 3J1yg
L pag)

i038INno3y 1NdNI

4961 <L HI¥VYW Q3SIAIY

NOHJIId4 37 ¥31AVX
JONEI ANV SNV “ONIVW S3NILINO¥EBNS S3SN

“83A¥1 ¥43d SINIOJ

AAT4~-ALNIA3S ONV SU3IAVY N331404 SV ANVW SV SITVANVH

*INlL 13AVYL

IWVIT1IM03IHL 31NdWOI 04 319NV 3IINIOBIWI S4SN “vivd

01 431113 TVIKWONATIOD ¥3080 HLI¥NO4 JO NOILVAINIO AQ

FIONY JINIOYIWI AVH SANId  °¢i-2X ONISN viva ONILLIY

NIHL ANV B34V IVI4 TVNGIAIGNT Ot ¥3AVY HIVI INIINA3Y

A8 S3T71408d NOTILI3T434 379NV 301IAm INIHOTS 3IAT0S 01 Wv¥90Hd
*AdVd OINIW “SIOSN LV WILSAS

SIILNW 3HL NO NN¥ 03 G31J100W N3I3B SVYH wWvdo0dd SIHL
SNINSOH / NOHJId 31 SHINV

9261 AUYNNVYE 231V

I1n01S  wWvyd0ud

VU UV VU UV ULUUUUUUUUVUUULUUVUUUYUUUULUUULUUUUU UV U UUULUWUUWULDUUUDURUY UL LG

-3 NON O

201



9=1no
Sauty
((xe¥-0PQ°1)34DSP/X)URIEPa (XU SIEP
UISJIEPISOIPCIIDSPISQRPUISP/URIBP7IIIUIASINZINIARIIRIREIAAIYYA
IQUIYAIAINIRY 21 CI3203 73432404 LIYASYUAS 2 8IS
CVRIS IS 4L 120222430 0324202074yy4?4032€47}434p24p
CULWPYILPILIPLYITIPRI)IPIPINIFUOIY] UDISEIIID I )QNOP
LRSS 12924 4yd’)707pugsweyy)
INIYAIUASIICACNTVIPPINICAICASZIPIIJI*AZAYHYY’0) UOWWOD
(f)weu,
CLGLIAS(SLIPNI(SL)QWNAUY (0| )SSINIIZ(0L)ICPI(G2751)1)
CLSL7SL)IMPI(S2I I (S2INIPY(SIINIINIZ(S2)8 /(5200
CUSLILIL(SINI(998)AI(LLIWRI(GL)47(SLIPY(SLIM
CUSLIMIC(SEINSZ(SLINI(SIIAY(SEIINNY(SL)ION) uOsSuUIwp

J
0g2°0L sf1L°9 824°01 919°S 2€4L°04 8LL°S 160°0L 659° ¥50°04 S2L°Y
e20°0tL Y2:°t $66°6 $82°¢ 12676 §$$8°2 0S6°6 119 Ard ££6°6 gL10°2
616°6 809°¢ 60676 £02°4 106°6 008°0 268°6 009°0 S68°6 000°0
19¢°8 $22°s yi£°8 996°2 122°8 122 ££2°8 699%°2 661°% 6222
691°8 2066°1L 2% °8 £92°1L 6Li°8 951 660°8 tees £80°8 680°1
020°8 698°0 650°8 0s9°0 260°¢ ££9°0 290°8 912°0 990°% 000°0
£09°2 092°¢ §29°¢ S66°2 $69°2 682°2 268°2 069°2 9¢¢°2 Le°e
982°2 600°2 292°2 S22°1 Y02°2 SY$°1 221°2 6L€°1 L2 S60° 1
221%¢2 %8°0 S04 ¥$9°0 £60°¢ $€9°0 980°2 212°0 £80°¢ 000°0
265°9 ”88°2 80S°9 699°2 1£9°9 229°2 £9¢°9 0g2*2 20§°9 sge° L
892°9 0Ly et L95°L 651°9 9¢°1 ”21°9 "L 960°9 996°0
020°9 02270 250°9 925°0 6£0°9 ¥9¢£°0 1£0°9 261°0 820°9 ovo°o
252°9 49$°y 219 060" 68L°9 699°¢ 026°S 0g2°¢ 182°¢ 9i6°2
619°§ £26°2 087*°§ 6922 £9¢°S 6£6° 4 192°S 1y9°4 £81°$ £6€°1L
6L1°S 0°t 690°S 008°0 »%0°S 1£$°0 %0°S $92°0 200°$ 000°0

aoo°0 000°0 o000 oo0°0 000°0
St SLSL SL st
[} 3 0 [} ¢
°09 000°0- 0000°1 0.8%°t1 000S°1L ~°§S:%
¥V 1S31 AONBONOS
8261 ladv |
$1as ejep I)dwex)
$RO) )0 Jos ®IeP RUOLILPPE ( =,
SRO0) )0} 135 eiep J8UOLI4ppPe OU ( =
135 ejep 0 pua Buyjjeubys paed - %IINII
(?1)1VNE04 pied Jeuyy
"Pales} UOZYJIOY Y283 IOy
C5PUOIIS UL ‘SAWL) YaARL) ABR OR) PaIII) e
Pu® 323J41p JO sJa4®0 - (F°1)212(F°Dul0 :®3eg
(£°8004 )L1VWUO4 PuUY -~ g pae)
*dniebau s,
JIARIY O UOLIIIJLP 3Y) UL PICAUROP 3d0S
0°0 = (2)d01S “®yd)® = (})d0S
uey} ‘eyd)® ¢30d0)S 2IN)0sQe ENDI aney
549AR) 3A453223ns On) 4y °6*3) anoqe
43A€Y) 34) O 333ds3s YIim J34A€) ;O 300§
*sa9abap uy $434AR) )0 $3dOS )RJUSWIIIUL - (1)d0S

($£°80UL) LvWwH04

(19s J)dues O pua)

(5404A®) (| uey} Ji0m 1

40 pue) g pie)

WU WU LULUWURUY YUV UULYURUUY VLUU DY WO UREHRYRRORwewweweowoww

202



(2t 2L=E L NSSI

(S61L73N0L)a3tun

(74S1)Vewa0)

(494U =12 (L)QUNU) (H1271N0L)324uN
Le)dsumjasu (0°3B°((1H)ywnu)sqey)
SL41a2y 661 Op

Qsj94u

(9t$i)iewasoy

(SL’1L=y 7(1)Qunu) (Q2euli)pras

612

661l

0e

“SONIW A8 SINIOd ViIVG 2
40 YIUWAN X1334d “03ddINS ONI3E@ SUIAVY 803 “S11Q3 NI D

(w83AV1 HIVI 404 SINIOJ ViVQ 30 ¥IEWAN 3I,)3fwi0y
(L6143n0L)a34unm

Us(4)qunu

0P°0s(t)n

SL’L=t 902 op

L6t

902
Y0e

S4344N8 3d07IS OGNV 3IJvhl ¥3d SINIOd ¥4V3ITI 3

wfltumZiNSSI wf2t?,22NSS1 wfCV%umNSS] w?247,20RSST  L)Irws0y
SINSS) 72 IAES L 72ASSLOINSS L ONSE} (BOL73N0L )33 4un
[RAZRRELELY)

CUINSSLI2INSS LP2RSS L/ INSSL/QNRSS ) (H617UIL)IPRIL
SNOIL1dO HILIMS

4314 44440p-"00Y/43RApesINTp

1899$°0+23naPsaINTP

*000S/¢(0°05~4010ap) = Aydap

WALVQ @S 0J 123dH0) ANV IL 01 S¥313W HUHOOINN
(0°947.2H1dIQ OUQAH,‘¥E’E°L)’%,=3H0) 032 3wWlL .°/
UL WsHINT IS, INE 9L .=ALT12013A QANNOS ZIHOH L “779°L4°
wSALTJ0TI3A ONNOS IVITLYUIA NVIWL/XE/0°94%,=HLEdIQ UIIVA S/I3 L /)IFws0y
AOJ0aP RINAP 2D RISZYAZAA2IIRAP (9OLINOL)IJL IN
¥)}1apagZiels

e3))ap=a2rsad

21€¥28sdd420

YAz YYA

(0°84°€°83°9°845°0°8))1ewa0,

AQ1AIP R 1APrI|@ISIYAZAARYIINAD ((QL7uit)peray

ASLNAD (Y41L7IN0L)ILL4A

ISLNID (S6171N04 ) L 4N

ASNII (26L7uULL)praa

(€017, w)ITWJO}

(YO L’%S6%w w)ITWIO)

3P (Y61L43N0Y ) tun

(yeQL)iews0y

d18p (261L7uUtl)pray

[ 99 !v&ﬂ(LO.

(L6L¢3n0oL)a3iun

(9261 U36WIIIQ ,*%01“,IN0S WYUIOUD ‘. l.)IWJO,
(061L73N0L )33 tun

0°0 = 23144

0rP0°0 = j34p

AN/2e(HId30 FIUNOS-HIdIQ ANOHIOUOAH) =
(SONOJ3S NI) WNLIVQ 9NIANNOS ONWHII ANV
ONV WNIVO AONWONOS N3IIML30 3FINFYIIIIC WL TVIAVYEL - AHdIO
¢S "d “SNIXNSOH § LL1ONXA 33S “3INIUISIY dIHLENY
804 S(SANO0J3S NI) NOILDINYO0D 3IWIL 3ISINy ¥ILTI3F - WIS
®3)vyl L1I3¥10 3HL 01 1234S3
HLIM S3IIvui NOLL123743¥ 3d1 13IHS 0L S3wWll 3aviEd
031337434 01 0317ddY AINVLISNOD 3AT1104y JIvEéd3aoIv - 33d0

ISIT INGNT TWYNIDJIN0 wWOHJ GIAOWIY SINTVA

8014
861

Qv3y 3

143ANOD 2

901

01

Yol
61

L6t

061

[ A R VR VI S VAV I I K

031t
6Ll
8L
Ll
9t
St
v
£t
edLt
(X3}
04
691
891
L91
991
$9L
791
£91
291
L9t
09t
6§41
8St
34}
9s1
s$StL
7s1
£51
44}
(313
119}
671
et
491
9t
sl
794
£
27
(%21
071
681
#g
3
9%
St
7%l
e
28t
(393
()
[.Y4)
821
221
9¢c1
sei
21
£21
22t
(X%

20



SLINA DI411INIIIS 01 viva 3Tv2S 2
S3NTVA VIVQ 0432 3AOWI4 0L 03SA SI X 2
(u(IIS) 13N,

PA2%,(23S) UIQ.L 27 (NT) I3V, PX2%,(NT) ¥1Q,’%E/)I0wa0y 101
(L0L?3N0L )33} un 009
L41=) 2
SHIAVI J38N 803 dOO NIVW 2
0=)
0P°0Dayiaap

“SINJOd VIVG ¥3AV) 03111WO ¥3A0 3
3)vdS O1 ¥30v3I¥ 3ISNVI (1)BWAN ¥O03 S3INTIVA 3IAILVIIN 2

1=334u=)dsu (Z2-"31°(1)Qwnu) ) £02
Lenan (2°36°(1)qunu) ;s v29
(£°8)04)1vwa0, 02

(£°¥P0L)IVWIO, 102

(Ueinfo(fo2%)339((2%)a1P) (S0223IN0Y)321aN
(UeLafeCfon)AVe(fon)41P) (LDZ7VULL)PRIS
(§£4%. Y3AV) NI SXD1d VIVG 30 NOIAVIL4l¥3A 3,/7)3ews0, 202
} (202°3n0}1)aryan
(1)Qwnus(3)qunu
((4)Qunu)sqersu
y34ws 3y g02 Op
1=
jdiunjaie
J¥IN SNILd VIVA IINCOUINL 2

Ans(})A
OPE62£S9210°0e(t)Pa(t)R 111191
$esueiay 00CL Op 2009
SNYIdvd O) S3ITVONY {¥3IANOD 2
Lany 1009
¢0097100974009(0L=P°1=-3n) 3}
inny
AAR(L)A
((§)R)8qepeInzan 3%}

2009 03 06 (*02-°31°(4)n*40°°02°3B (4)m) 4y
2009 03 06 ((°36°(§)qunu pue 9 a)*(4)qunu)ji
2009 03 0B (g2*38°((4)Qunu)sqey)
oPgLa(d)A

J3S/MX §°L 0L S31112073A VINL 213§ 2
b3Iusiamy gLL Op

379VNOSY3Y¥ J¥v SINTVA LAGDNL 41 %23HI 2
(AL RL]

3

anuJuo ONN

(efana (e )n 822
dasusnal gzz op

CE°LLPS“uSINTIVA (1)X IN3IDI3430) WNI4 ,/)ivwi0y 05
(S/1mws(m)X) (QEL73N0})334an
(LeMIRe () A(N)N
622 03 06 (2°36°(1)qunu)yy
Leamy (2°ab°(r)qunu)
jaIu’2at 622 oP
L=y

“A19N1G402IY 2

$3407S TVINIW3UINI 3INIGWOD *S3IIVI¥IINT ONI1313Q NIHA 2

(£°84S/77¢°8401)1vwa0y 961
(J2IU? 1=y s(1)R) (96171N0L)33Lun
(£°8PQ L) IFPWIOY 15

(JIu’ i s(L)n) (Ugeuty)peos
(L.SUIAYT 30 S3¢0TS TVINIWIUINI 3,)10wi0y S6i

092
652
882
I3%4
9%
(3 %4
L2%4
£l
2ge
1£2
0se
622
822
L2
922
see
vee
fee
eee
(X434
uvee
612
gie
2ie
912
s
L 2%4
tie
[4%4
tie
oLz
60¢
80¢
402
902
S0
2702
£0¢2
202
tae
Qae
661
861
261
96t
Sol
7614
£ot
261t
Lol
a6t
681
881
481
984
$3i
2781
Ll
2dl
(X 1%

204



(Lx=(1)03 126
22671267126 (Viwp~(1)N) )¢
(LIAeDPO" Yo (S (s
CL)AeQPQ°Se(9)Nm(Y)N
(L)A0PD°2s (S Xm(g) X
(LA (2)%3(2) X
(179)putew 1@

Qs )Nz ()P 26
(W)S=(n) s
oxsy sy 26 OP £

2§ 031 0B (L °bacginssy) 4y
S3ITINV 3INIOW3IWI 3UINdWOI 0L NOILdO ?
379NV 3INION3WI ¥0J 3IAILVAINIQ SINIIIII430) 31NdWOD 2
(9°23%4%0311ddNS HAL’®E79°21743031)3H80) HA ,“/)iewi0, Lt
YYAZYA (L LL2IN0L)A04an
(L)Ae((2)X)IIDSPayA
(L’L)Ppujew 1)@
t=puy
Cee($)Nz(L)P 002
(LIA/YAS(1)NeUOd420n(})Sa(L)d
ISV) ¥3IAVI LV 04 XIVE ININ¥E O
ox4y =3 002 op
0P0®2/7¢1L)0¥s(L)AS(L)INY
CCLIMIULSPe(1)0I0PO°2au0d 2
214-2X AG HA ANV SSINXIIHL 3IINAWO) ¥3IAVI 21S¥I4 4] 2
£2979(L~1) 4}
L=pu}
((L)X)Isbsp=(r1)0
(17)purew ))ed
Qer(QXe(N)N)=(N)P a6
2ee(N)S=(N)J
oxi=ay 06 op
L-=puy £26
£267878 (Viwp-()Nn) )} 286
1d3)83INT 2
ILYNIX0¥ddY OL 34YNIQHO 01 HONONI 3S0TD INIOd VIVQ LS¥I3 SI 2

yAzQx
oPg Qaviwp (31

26 ©) ob

0P0* 19X
YA«OPSY Dauwp 0té

0£671£67056 (L=1))!
LNOINTY¥d T0HINOD O ONIVW NI Q3SN X3IANI N¥Y SI ONI 23
3INIOHINI 40 ITONVY 2
803 I4VILININIIIIG ¥IAV ANV O) NIVIGO 0L viva 04 3IA8ND 113 2
2
SLINN JISIAN3IIS 04 ONITVIS OGNV 9INIOGVOT vivd 30 ON3 D
INULIVOI 0L0s
YAs (U)Na(U)N (| "3U°]) 1t fat
JINVISIO 01 N J83ANOD ¥IAV AS¥IJ JON 41 2
(U)S7(uU)N’(u)tty
C(UIEIP (COLY3IN0E)ALIAN (L °DICORSS°J0° DY) 3t
$3IP+I RIS/ (218IB4(U) b} JI)a(U)S
92430/ (224304(uU) L p) (V)N
ox’isv 010$ op
(H21)¥WI=(L) b ea £007
(L21)24P=(1) L LP
oxsL=} §£00% ©oP
(1)qunuzoy
SAVHYY ONIXH0M OL VIVO 3AONW 2

oag¢
662
LY -X4
262
962
1Y.Y4
962
1 Y.Y4
262
162
7.7
682
882
182
9982
$82
782
82
282
182
082
622
822
Lee
922
see
942
| ¥ XS
[£X4
[XX4
aLe
692
892
92
992
$92
792
£9¢2
292
192
092
682
8s¢
152
952
1374
A T4
1314
2s2
1§
0se
692
892
L2
992
s92
%92
£92
272
172

205



(L)0y-J3mapzjaap
602 03 ob (SDDT0° V" (4IndP-(1)0}1)5QqeP) ;¢
602 03 0B (Q"bBac-2mssi),y

02

Hid3G S$/3 01 UNILIIVYOI dINS OL NOILJO

L02 03 0B (*aucy),,
(2°94%.,34018 "
CETLIWEAS L IREY "9, 3H1d3C Ww/?E°93%u3SSANNIIHL  L’€°9)

‘. =3dWil NOTLD3IIY  ,,7€°9)7,=A112003A w/24%, B3IAVY ) iewa0y

CIIRRZUASIYIAIP/ (1) AI44IZ(1)0I“(1)A’) (7017AN0L)3 Lun
UASz ())AS

0P£625S7210°0Q/7 (V) n=(1)AR

(1) ¥214d+yidapsyirdap

0PU 2/ (VA ((1-1)03=(1)01) = (1) A2LYd (1°3b°1) 4y
CPO"2/7 ()N ()03 (J)NI4 4D (L"Da"Y) 4

201

[41

ONILISIT NOILDYOS 2

CRLELE(PUL) )t

$$3J0¥d 1¥vViIS3¥ 3IATAIVOIN
(D(2)w2sy)sney Jyed
((1)AJ)ueepa())n

AR/ (D AeCIMIZ(1)M)

aNl 31

ALIJ073A MA3N 01 9NIQYUOIIV ITIONY 1383y

((2)%/0P0°1)34DSP=(1)A
LOBS7001€°001EC(2)%) 44

101g

ALIJON3A AUYNIOVWI 404 %3I3HDY 3

(1)A=AA
(171)pujew 1 10)

t=pu
Ay 7(9¢5) o) ob

9
S

AL1J0T3A 804 3IAOS 2

anuyjuod
2ve(IPa(1)P

2ev (1) 13=(1) 430 ($IPeUOI 4200 (L) Ia(1)d
ISYI ¥3AVY v 01
LO9E“109E°0SE((1IP) )Y

0s¢g

109¢
3Ina3y 2

0 43IN038 3ALIVIIN HLIM SINIOD ILVYNIWIIZ 2

2/()Pe()P

Ida i)t
3-(1)Sa(1)
IP-(LINa(1IP

WX NI SI Q@ sVHL 310N 2

(L RR}

(Ape(s)wz2))Sney Y jed

oye2=t 0% op

[({ER R

CVIAZ(C1IM)ULSPePO " 2av0)

ﬂtmlub...w

[ LR\ EXSPRR]

9-P°L~3(L)P

y 03 08 (|"ba*)) 4

L+0xmoy (| °D3%)) 4t

(£°0Ld%)3ewa0y

PUZo(E)S2(3)N (201L924)314In (Q°ba 2z nssy) 4t

PWZ (1)S2(1)N (2QLYIN0Y)AALIN (O Daginsst) i
OPLS6LL562°LSe () WImpuUT

Aamviuvtonuﬂvunvwfn
Cor(L)Ne(S)X42v0 (1IN () X4 (1)NW(E)X¢(2)N3(})w2
ox¢2st 00g oP

Lapuy

L-03s0%

(39

20t
Qog

226

4SY1 1d3IX3 INIOd HIVI 803 W2 3IN3943wW3 ITINY ANJJ D

ovg
69¢
8s%
158
9s¢
[$31
78%
£5¢€
25¢
1S¢
0sg
697§
89¢
9%
998
$7¢§
79¢
1929
29¢
L7¢
ov¢
[ 1%%
8L
5L
91¢
(111
2¢¢
f£8
[43Y
(239
uEg
62%
'T4Y
L2¢
92¢
seg
92¢
[ ¥4
22¢
t2g
02g
oLE
it
g
91t
Sig
LA%Y
1YY
it
g
otg
60¢
IV
0%
90¢
[441Y
LDVEY
£08
208
Log

2006



x4

pua
dojs

anujjuod

902 o3 ob

(3NIVA INBISSOdW] ,)I€wi0)

(800973n04)33pun

652 ©3) of

2 03 06 (33sut21% 1)

(77°24%., HIAVTY IAOW3IY “3IATLVOIN ALLIO0VIA ,)dewao0y

1 (002g?3n0L)artun

LPLU0LY L (N23y3L)

[CIRRRLLELY

133424 (0002°vit)Ipeay

(€£°04)9°gL)Icuwioy
(LIRRL(FIASIRITIP/(FINIFYIZ(1)I0I2(})AYE (2025°3AN0 ) @3N
(L=4)03=-(4)03=0213p (1 *36°1),

pdJu’ =y L 02€ oP

(1)oi1=€3 19p
(/43d01S NOILVIA3Q

SSINNIIHL  3Wll 7438 AL1DOVIAL’XS/99€0L*" L /29001 *"L///))ewa0)
IS 4NJII2a3ep (02§ “INOL)ITLuA

+00¢
8009
2009
002¢
001
0002

202¢
[1'24Y

Vi3
s02¢
652

SLINSIY 40 NOLIVINGYL INVH 2

2 03 06 (jasut3ity) e

abusd 1€ (1°36°1)

009 o3 of

OP°0=41dap

(9°2)%. NOTLDINHO0D ALIDOVIA 3IAVA H3LVM LJ341Q ,)d€ws0,
J033€) (201°3Nn0L)adrun

YYyA/yAaza03d€)

YA/YYAeddsadaxadiad

402 03 0B (L0003 (4A-yyn)sqep);}

009 ©3 ob

(2°93%,=N0T123880) 14 IINIQIINI IVWHON ,)ICwl0y
39J4P (010L’3N0OL)ALuA

202

401

602

0101

6%
f6¢
268
168
06¢
68§
89€
28¢
9ug
s8¢
94§
€8¢
29§
18¢
08¢
648
8¢
225
9.8
$e5
L 211
[ 911
2.8
(WA
02§
69¢
89¢
9%
99§
$9¢
79§
£9¢
29¢
L 9%

207



(bust)da(y)x
Led=tn
y-buzi

Outesiay 5001 O

XlyivWw 3A1T0S 3

anuiuod
(Cp28)0/(Loyy) Qe (WUsy)0)- (WU sy )da(Wusyy)d
busyp=wu 1021 Op
0L21°2001°2001 (DE-2"1~1@))
GGIA:o.-\wvn
(Uptog)da(uitony)a
(Uttexny)dsee

busiauyt Q24 op

1201 1L2UL70201 (2e-1€) )}
((t2315)0)sqep=e
((y?i)0)sqep=ze

[RAERE]

letmt}

¥’ =4 2001 op

Uiy 2001 op

(weu)ds(uew)d

Usyi=w DiGL OP

ouj“iau DL0L OP

2001t
10214
oLet
1201
0021

0201

0101

JINLINWAS XT¥LVYW INVHW 2

anuiluod
A)}e(busuw)as(buru)da
(F)de(j-w)eso(})P=x]
$009 o1 ob
($)4axy
0092500975009 (1-w))¢
2006°2006°0001L ((3)P) )L
oOx’i=t 0001 ©p
OP°*D=(bucuw)a
anujIuod
X}y (Uow)da(uew)a
(2-Vel)oe(t)Pax)
2009 o3 ob
0PD°1=x}
100970009°0009 (2-vsw) )}
L006°10067100L ((1IP) )
037i=} L00} oP
OP°Q=(usw)a
wsiav 1001 Op
Qujsiaw 000L OP
L+Ouiazbu
Levizouy
9=3n0y
($IN‘WIUSAIZ(G76) 1eWA0D () I4byane(g)qe(geg)e UoL§42a40 3 1Qnop
1JbSpessqeprulexen
CYAIAIRLIONL 32012 L12XSOINSIUASIDLIS¢II22200507yy? |1 2p
7L2P2P2LLP AP NPIOPPsPINI“IsIQ2R Y R7R UOLS)2340 1qQnop
IASS L2434y’ 70n’putLcw
CILVCRIYACUASPI VAW 2 I’PINI*NRIINSISPISY/NIAIYY?0] UOWWO)
(S)X2(926)02(GIWRO(SL)I2(S2IP*(GLIMY
CUSLIMIC(GLINS 2 (SN (SIINP(SLINYY(SL)O) UOLSUIMLp
SNINSOH / NOH)Id 31
G3INITSSYNN
€& NYT 62

ISIU NO SNIVW 3113 Sv Q3I¥04S

(1°Ui)pusew autlinosqgns

00014
$Q009
v009

£009
2006

1001
2009
1009

0009
Lt006

SHiNV
SBWAN
d31va

vwewwv

75
€Sy
25
1Sy
0sY
679
899y
7Y
99y
i3 A4
779
[ % AJ
27y
LYy
0y
(3%}
8Ly
I3y}
1294
(3%
(2%
£ty
2¢Y
(3%
vgY
6429
T4
22
92y
$2y
2y
£2y
22y
(X4
02y
ely
8Ly
2%/
9Ly
Sty
L A%/
tiLy
2Ly
(3 %4
aLy
60y
80y
209
90y
SO0
y0%
£0y
20
10
Qo
66%
got
L6%
96¢
Sof

20Y8



(7°L)%.,85X
?7%°23%u=1d3IIYIINI

dnutuod
LiP+(w)P= P
L2Pe2P=| 2P
2es(w)p=z2p
GLU67010679((w)P)
Oy“izw 9 0p

0P 0=12P

op*0=LP
oppsOpp=pIs

0L06

ALINIVIY3IINN 31NdNW0) k]

w2 W= A MRS RN AA NIt T2 -
SIVIWONATOD Q31L14 30 SIN3IDI4430) ,)Iewi0y
(SIRI(PIRI(EIN2(2)"7(L)% (0061°3N0L)3LIA
(uSINIOJd VIVD

“wM34 001 “LINVIIJINOIS LON NOISVIAIQ QUVANVYLS ,’X|)iCwa0)

(£08173N01)a344n (40°3b6°0uL ),
(249 7 w*21%. GI0UVISIO SINTVA,

“u 0 INTLVIIN,L’%S7E L4 ?uasNOTLVIAIQ QUVOINVILS ,?/) Cwi0y

03’ 50pP(208173N0L)AILJn

§O-0xz |y
((L-uy=-10)70pp) YIDSPaocpp
OuUL-40a0pp (R0°3bB°0ouy);

0061

£081

{1

NOTAVIAIQ QUVONVLS ¥0J %I3IHD 3IINVIIIINOIS 2

anuyJuod
(u€u’$°647%2°€°0842°€°64°2 ) 1%wI0y

AP I3 (N)I4 (NP (S06123N04)324an (£°0°36°0p) )

(£°6)7%26°014278%647%1)30wi0,

APYIIC(N)II2 (AP (L06173IN0Y)34IR (£°0°1° P pue §=0-"36"1p)}

(2u?€°647%2°€°014278°6)7%L)I0wi0,

APL42 (N)A2 (NP (2061°3N0Y)3I4IR (£°0-"31°0P) )¢

1901 03 ob (Q°ba°iAssi pue i Iuty)j:

1901
s06t

1061
7061

SINTIVA ONILSIT LIWO OL NOILdO HWILIMS ISNIS 2

29 1P40PP=OPP
Ja-(n)smnp

XK}eddzdd

(CL=1)ss (XIP)s(t)Xax]

2901 o3 ob

(t)X=x}
2009°9009°9009 (i1-t))t
Ouysiay 2901 op

INIL V13IAVEL 935I1034d
1901 ©93 ob

0P0O°1-10ax0
2006°7006°£006 ((M)P) )}
oP*(0=44

oY’isy 904 9P
(wIININ¥3IISL0,,

AL, AILININ0) U, %27,()35)28, " g%, (WN)OST,75E°/) ) Cwi0)

(206173n04)3314n
ox=30

*0sopp

82999 (PUY) )¢
27802171028 (L=u}) )}

2901
¢009

2009

7006
34NdW0d 2

£006

¢061

12
10218

L=UNI OGNV | aNI 1NOLNI¥d ¥03 D

o)Az (t)xa()x
S00L700SL°008L (O§E-2"1-1®) 4t
(($424)a)sqeps @
((XY)xa(uy2y)a)-(4)u=z(l)X
ouj’tiaxy 0901 °oP
0S0L°0S0L’9001L (OUL-}) )¢

S001L

0s014
09014
9001

748
€4S
LS
LS
0Ls
6J$
80¢
20$
90$
Sus
20§
[ X429
P49
10S
oos
667
867
i67
969
$6
267
t16%
267
169
a6
64
g4y
48y
987
$87
28
£8
289
187
08y
6L
8L
L
9L
(Y3
LY
€27
24"
127
(173 ]
697
897
297
999
59
292
199
299
192
e
[ %4
857
287
9y
$S7

209



puU

uJsnjed

(QINIWYILIANN WIB0Ud “03(4S2 217 41°21°)dy2)Iewa0)
F21(L0S1L23N0) 33 unm

uJIny

((999(2)%)/NSey0)14DSPaUAS

LL2P/PASEXS

ool LP-L2Ps%0=} 2P

1081
00$1

22§
(X4
0es
61$
81$
L1$
LA
Si$

210



(L)PeZ2a( )N

o=t 1666
3T9NY 3IIN3IO¥IWI WOW4 3IIN3GIINI SITONV ONIj O
SNOI1J37434 31NdwW0) 3

($)RSsN4Iya(L)uy
(4)Ae(3V-0P0%2/(1)0¥) =0y 74

2L 03 ob

Letst

(Ley)A-nxzb
(RXyS)ULSIRPAX
(LIA/XSelle))Nanuis
(¥0Jde(4)A)/34y+ 232
XOd /N S edYs(4)NI2sN3zN
(D) $02paxo03
(D) uisp=xis
((EIA) ULSPaN-(L)UysIY 1 Y
(I)HH 31NdKWO) 3
LIRS TRV IR RIS NY! 2t
0P°0a23)
0P*0=n
bzQz
(L)A-Dzb 1)
OLLL2LLCL=4) )}
b-t=t
(L=4)Me(XOI/Xy8) uRIEpPad
(X}SeX}S-0P0°L) F4DSpPax0)

(D) UssSPu((I)A/(L=t)N)axyS (1]
0L EL7LLCL=-1) b
(L)mAzd
It £001
NOIL1J337434 IVIILY3IA ONIGNOJISIYY0) 3T9ONV ONITS4 3

(AR) $03pa)d
(L)AR+AARAA 1004
L1244 LOOL OP
QP*Qann
t-1=4) 2001
200L°S00L E00LCL=1)}¢
0P0°1=3
(HIAI/ (4IRS (})M) 0001
(Ch)N) $0Ip=a(1)nd
((PIMIUSPz(})NS

12i=¢ 0004 oP 0666
434V HIVI ¥O4 SAVX 01 VIV 1Sulis NO 3
NVLi SO0J NIS 3iNdW0I’SISSINAIIHL ONI1J 3

166670666°06066( 1))}
((¥eX=-0P0*L)AJDSP/N)uURIEPa(R)ULSIEP
ULSJIBPIURIEP’S0IPrULSPrILDSPrOT a2
CWTIAINNINNCNIRNINIYAPAININL 174037437} PASSUAS?ANLS
IR} $03303/DACIAINYIYYLIYTIPIPIAIZXNOICDI UOLSI2J0 2)QNOP
. oyspuy ‘e
CLICAPYACUAS I PAINTPIPPPAYPAIIASPIPIILI’AIAZYyYy’0) UOWWNO)D
(S)AP(SLINN 2(GL)IRI(Qeg)O P (G 2)WE (G2)
CESLIP(SLINIC(SIIMI(S LIPS (SLINY(SIIAYLSLINY Y (SL)0Y voLtsSuduwLp
24961 AVW NOISHIA
*Q3NYNLIIY ¥V 11°8GQ°91 “NOWWOD AQ QI1LIWSNVYL S¥UILIWvHVd
“43IAVT 40 INIOd tSHIJ 3ILVIIANT OF
X3ANT ST XI “379NV 3IN3983W3 SI 22 “u3AvY 30 ¥30WAN SI 1
"G0H13W 21-¢2X ¥0J SNOI1D3733¥ 31NdW0OI 01 3NLinOYBNS
JSIAQ NO SSNvx 3114 SV Q3¥04S
(Ntez22))sney auyinoaqns

Vwewvew

24s
t8s
08¢
64$
L¥29
X33
928
$2s
72$
£49
2L
(X231
029
69s
89S
29¢
99¢
$9¢$
79¢
£9$
29¢
(347
09s
6§
8ss
331
9ss
s8¢
75§
£99
2ss
1SS
0ss
67
87¢
498
ALY
$9$
%S
£7¢
s
179
09S$
[ 331
L X%
1339
95
$5¢
k239
££¢
439
(531
(1399
62¢$
82¢
22
929
$2s
72$
€29

211



pua
uanjaa

0P°0=43

(A ETRY

9-P° |-z4p

uanlai

deJdp-adzap

Ji=-331=2)

927427221~ )3t

Nievdlzd]

NYevaPaJsp
19221922921 =4) )¢
I«NIs))
((4)AeX0D) /) ((1)NDedd)=y]
A4+ (¢4)AI/0d=da
XO0d/(()AN)UISPeIIzYY
C(4)A=-(4)xN)$0Ipax0)d
($)AIe0a=(§)Yyysas

L-tay
nadd
0P0°2e((1)A/2y)= 11
AysJp

LRE R

(CV)n) S0P/ aysry
[SAES

2292527252 (4=1) )}
EREEPE R
(%¥PI+(1)A)/24y=yd

e (H)n2enan

(202/X§8)edysny
((4)%)$02p=u0)
((y)x)urspanys

(H)RSeN-(Iuysdy
Lets)
0=}
0=n
0=133
NOTLVINAWO) NIVW
926 03 ob
(XgS)upsiepa(i=-t)n
CHIAZ(L=1)As((1)Pe(1)X)ULSPaNLS
826712°12C1~4) 3¢
[EEE L)
(Y)uxa())n
Le)sy
926 01 0b
(Lot )Renxa(fel)xx
Aluﬂnutmﬂuwﬁu’l
(IA/KSe(Let)Aznuys
0S08°8S20CCLe)A (MINA-NLS) 4y
((LIXX)UySpaxys
0$¢6°2526°¢526 (1=-1))¢
Letat

0g

L2
292

192

92

22

826
926
2826

£526
0s2e6
726

$€9
759
€49
289
(3%
09
629
8¢9
429
929
29
%29
£29
2¢9
129
029
619
819
L9
919
$19
249
£19
219
L9
019
6U9
8u9
409
909
$09
w9
£09
209
109
009
66$
86¢
268
96
$6%
269
£65
26§
[X-39
ue6s
6HS
84S
L¥S
98¢
$8¢
78S
£4¢

212



pua
udnyau
(247, Y3AVY ¥O4 3WIL 3AVYL,
Yo BIAVA L2°2)%, “3ONVYE WWITLIYD WANINIW L?2°23¢%L)10wi0) 10
dAgyucigpeoxx (LOOL?2IN0OL) I L 4R
(L) )xxasyp
(32)802P/(L=4)42UpSu(l=t)yexnann
((L=4)4dUssS)uisiepzdd
(2%, 43AvY) 803 39NV TVIIL1HD,
‘w ON “H3AVY ONTATYIAND NI NOISY3IANI A121J073A,7%2)1¢ws0) 00
uInIas (OPO°L°30° (L-3)J2us) )y
441U (D00L“INOE)IIIA (QPO"L°IB (L~})dduLs)
(1)d2USe(1)3/(L=t)Im(|~t)IduLs
1li-Coay
1afrer=rafy o1 op
L-24euzxly
Ledheju=ty
QPO L= (440 u)Idurs
0P 0=zxx

(u03ddIXS NOILVINGWOD .,

0L

0t

01

v e

“u’3VGVNOSVYIUNN INTVA (L7287,0ND1HL B0 (W21, )AL’%2)10Wa0) 2004

uinjal
dARJuCaieu (2001 °3IN0})dILan
9 03 06 (0°0°316° (440 U) Y PUBT(E )" (S4BUIY) )
usnjed
JARJUs AU (200L“3IN0L) A Lun
g 03 0b (g*Q°iIb°(sAwju)IcpuR ) g I (4he U)I) 4
43INIIHI viva

9z3IN0Y
((XeX-QPD°1)3I4DSP/x)uUBIEPa(N)ULSIEP

ujsiepesuelep
2SOIP2JIDSPIXNCKX2IDULS 2 YsAUNNP ZAWMNP YA P2UI2) UOLSLIIJD 3)1QNOP
(SL)J2ULs 2(GLdY “(G1)I uosueuwip
YeaAR U (§)AUNPL s (9eg)AUMNp 27 (QF) AWwND UOWWO)D

SYIAVT ONIAI-LVIS SINASSY
22 J3¢0 22 NOISY¥3A 1MODS
IAVA 031IVH43Y¥ 40 3INVY WAWNNIW ONIINAWOD H03 WVE90dd IONVYE)
SINY) SV ISIC NO G340LS Wvd90¥d
#busd Auiinouqns

Vevwew

849
449
9L9
$49
929
£29
229
129
029
699
899
499
999
$99
299
£99
299
L99
099
6S9
89
159
959
$S9
759
£59
29
(%34
Qs9?
699
¥99
499
999
$9
299
€79
299
199
099
619
8t9
3%
9:9

213



Appendix L
Listing of interpretation program SONOMODEL

This appendix contains a line numbered listing of the sono-
buoy modelling program entitled sonomodel. The pathname of the
program listing is:

>udd>Marine>JChilds>sonobuoy>sonomodel .fortran
The introductory comments prefacing the program describe the
input required. All input is from file05 and 211 printer out-
put goes to filed6. Therefore, file attaches must be made
to these files before executing the program. The fortran
program has been compiled with Honeywell Multics for-
tran (release 4). The object segment has a pathname:

>udd>Marine>JChilds>sonobuoy>sonomodel

An example of the program, using the example input data con-
tained in the comments, is contained in Appendix I.
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