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ABSTRACT

A new sub-bottom profiling system, the HI-DAPT II, was designed, assembled and field
tested. The system is adaptable to a variety of marine acoustic sources thus suited to any
aqueous environment. The system uses a digital signal processing (DSP) board with 2
channels of 16 bit analog-to-digital conversion, embedded in a PC chassis, to acquire and
process sub-bottom data. Conventional post-stack processing algorithms such as frequency
filtering, automatic gain control, swell filter, predictive deconvolution and spiking
deconvolution have been coded to run on the DSP to enable processing of the data between
successive shots. A two-channel hydrophone streamer consisting of a single hydrophone and
a line array is used to collect sub-bottom data. Raw data are stored together with a time
stamp and processing parameters on an magneto-optical disk. Processed data are displayed
on a CRT and output to a thermal plotter. The HI-DAPT II system was field tested over a
portion of the West Florida Sand Sheet, 37 km south of Panama City Florida, as part of the
Coastal Benthic Boundary Layer Special Research Project. The objective of the HI-DAPT-II
survey was to delineate the vertical extent of the sand sheet in the area. Three, 5 km-long,
seismic lines were acquired over the long axis of a grid as well as two tie lines. A series of
tests was performed to determine the optimum processing parameters. Processed data,
displayed in wiggle trace/variable area format, revealed two main reflecting horizons. The
shallowest reflector is interpreted to represent an erosional cycle during the deposition of the

sand sheet which occurred 10,000-7,500 ybp. The deepest, high-amplitude reflector exhibits



erosional features. This reflector is interpreted to be the top of the Mio-Pliocene Intracoastal
Formation. Field tests have demonstrated how this system has overcome some of the

limitations of conventional sub-bottom profiling systems.
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1.0 INTRODUCTION

High resolution geophysical methods are employed in the offshore environment to
obtain a comprehensive picture of the sea-floor morphology, and underlying shallow
stratigraphy (Trabant, 1984). Traditionally, sub-bottormn profiling systems have existed
exclusively in an analog domain. Whereas the advantages of digital data acquisition and
processing techniques are well known in exploration seismology, these same techniques have
only begun to appear in the high resolution seismic industry. Rapid advances in digital
technology have allowed these techniques to be applied to high resolution sub-bottom
profilers. This thesis describes the development and field test of a new sub-bottom profiling

system which incorporates digital data acquisition and real time processing.

1.1 Review of Sub-bottom Profiling Technology

High resolution geophysical surveys have been performed in the offshore since the
early 1960s. High resolution seismic reflection systems operating at acoustic frequencies
between 1 and 14 kHz are grouped within the general category of sub-bottom profilers
(Trabant, 1984). Within this category, systemns can be subdivided into broadband and band
limited systemns based upon the spectral characteristics of the pressure signature generated by

the source (Simpkin and Davis, 1994). Band limited sub-bottom profiling systems were first

1



developed in the early 1960s at Magnolia Petroleum Company's research laboratory and were
based upon a magneto-strictive transducer operating at a frequency of 3.8 kHz. Since that
time, a host of band limited systems has appeared. Typically, these systems use broadly
resonant piezo-electric or magneto-strictive transducers in a sonar configuration (Simpkin and
Davis, 1994). The same transducer is usually used to transmit and receive. An amplified
waveform is transmitted to the transducer to provide a burst of acoustic energy. The tuned
nature of these systems provides an efficient means to generate sufficient energy for the
penetration of soft sediments with a relatively low driving voltage. Data are usually displayed

on an electrostatic strip chart recorder and recorded in analog format on magnetic tape.

In most cases, broad band systems are identified primarily by the nature of the
pressure impulse that is developed by a sudden release of stored electrical energy into a
transducer (Simpkin and Davis, 1994). The most common sources in this category are
boomers and sparkers. Although the mechanism by which each generates a pressure wave
is different, both are driven from a capacitor bank, usually housed on the ship. A boomer
is an electro-dynamic source whereas the sparker generates a pressure wave by vaporizing
water as electrical energy is discharged between two electrodes in water. Sub-bottom
profilers which use these sources require a hydrophone streamer to record reflected and
scattered acoustic signals. Traditionally, data have been displayed on an electrostatic chart

recorder and recorded in analog format on magnetic tape.



Another type of broad-band system which has appeared over the last decade is the

| chirp sonar. This system is similar to the band-limited type as described above in that it uses
a piezoelectric transducer to produce a pressure wave. The systems differs in that the chirp
source drives the transducer with a computer generated frequency modulated(FM) pulse that
sweeps over the frequency range of 200 Hz to 30 kHz (Schock and LeBlanc, 1990). The

recorded data are passed through a matched filter to provide the output trace.

Acoustic source technology has remained relatively constant over the last several
decades while the handling of sub-bottom profiler data has seen a steady progression into the
digital domain. Digital front-end recording systems with high dynamic range analog-to-
digital conversion and limited digital processing capabilities have been manufactured by
companies such as Elics and GeoAcoustics Limited. The Sonar Enhancement System™ by
GeoAcoustics was one of the first digital front-ends to be commercialized. This system
offered digital acquisition with a programmable sample rate. Data were stored in digital
format on an optical disk. Processing capabilities included bottom tracking, time variant gain
and bandpass filtering. The DELPH II™ by Elics offered storage of raw digital data and
limited processing such as automatic gain control, high and low pass filters and a swell filter.

Post-processing capabilities such as deconvolution are also available.



1.2 Reflection Seismology

The seismic method is by far the most important geophysical technique in terms of
expenditures and the number of geophysicists involved(Telford et al., 1976). Much of seismic
theory was developed before instruments with sufficient sensitivity tovmeasure seismic events
were available. The reflection seismic process uses an acoustic source to impart acoustic
energy into the earth. In the case of marine operations, the source is towed in the water
column and produces a pressure wave which travels towards the sea floor and into seabed
sediments. Acoustic impedance is the product of a material’s compressional wave velocity
and density. As the acoustic energy encounters a boundary that exhibits an acoustic
impedance contrast the energy is partitioned. A very small portion of the incident energy is
reflected from the interface. It is this reflected energy that makes reflection seismology
possible. Impedance contrasts result from a difference in the physical properties of a material
and not necessarily a difference in sediment type. For exaxﬁple, a consolidated mud overlain
by a similar material of less density will provide a reflection. Reflection strengths vary not
only with the degree of acoustic impedance contrast but also with the geometry of an
interface. In cases where a reflecting horizon is smooth the amplitude will be large in
comparison to the reflection from an irregular interface with a similar acoustic impedance
contrast. A solid knowledge of marine geology and the physical processes that exist in nature

is required to interpret a reflection seismic profile.



1.3 Limitations of Conventional Sub-bottom Profilers

Conventional sub-bottom profilers operate in the analog domain. Traditionally the
only output from these systems has been a dry paper recorder. A poor choice of filter
parameters or time variant gain Qn the recorder meant that information was permanently lost
if analog recording was not available. A second limitation was the inability to enhance the
data by removing unwanted artifacts such as surface ghosts, bubble pulses and multiple
reflections. These unwanted components often masked reflectors of interest making an
interpretation difficult or in some cases impossible. Band-limited sources produce
monochromatic data which is not suited for digital processing techniques designed to increase
the temporal resolution of the data. Conversely, the broad-band systems had desirable source
characteristics but did not have the capability to utilize this bandwidth with advanced

processing techniques.

While the digital front-ends described in the Section 1.1 offered a tremendous
improvement over traditional analog systems, they still lacked the necessary processing
capabilities required to implement the majority of signal processing requirements for high-

resolution, sub-bottom data.



1.4 Outline of Thesis

This study details the development of a sub-bottom profiling system, the HI-DAPT II,
designed to overcome the limitations of existing sub-bottom profiling systems. The desigri
of the system and hardware necessary to implement such a design are described in Chapter
2. Constraints imposed by real-time operation and physical constraints imposed by the nature
of high-resolution sources and survey procedures are also documented in Chapter 2.
Chapter 3 describes the signal processing development and explains the rationale behind each
of the included processors. A description of the software development environment is also
provided. The first major field test of the system, conducted in Panama City, Florida, is
described in Chapter 4. This chapter also provides a brief geological description of the test
site, an examination of the effectiveness of the processing and the seismic interpretation of
the processed data. An attempt to interpret the geologic significance is made using survey
data from the Northwest Gulf of Mexico and some well data from the onshore. Conclusions,

recommendations and a direction for further research are discussed in Chapter 5.



2.0 SYSTEM DESIGN AND DESIGN CRITERIA

The main objective in designing the HI-DAPT II sub-bottom profiler was to develop
a computer based system which was capable of acquiring high-quality, sub-bottom data and
processing these data in the time interval between successive shots. It was important that the
system be adaptable to a large number of sources and be able to operate in various marine
and freshwater environments. The system would store digital data and provide a high quality
graphical output on both a CRT and paper record. Conventional post-stack processing
algorithms, written to run on a digital signal processing (DSP) board, would be used to
provide a high quality processed section during data collection. The processing parameters
were to be menu selectable such that they could be adjusted during a survey to ensure high
quality data. Where possible, off-the-shelf system components were used to reduce the
development time (see Table 2.1). The followings sections describe the design criteria and

hardware configuration used in the development.

2.1 General System Description

The HI-DAPT I Sub-bottom Profiling System shown in Figure 2.1 is best described
in terms of the following three subsystems: (1) source, (2) receiver, and (3) data processing
and display. In brief, the source sub-system consists of a modified multi-element sparker

source mounted in a custom built tow body, a seismic energy system and a custom built
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Table 2.1
bottom Profiler.

Commercial products used in developing HI-DAPT II Sub-

Component Name

Function "

Huntec Seismic Energy Units
Model M3 PCU
Model 2000 ESU

sparker to generate acoustic pressure

generate and store energy required for
wave

Ariel DSP 96002 digital signal processing
board

digital signal processing board with ]l
Motorola DSP96002 parallel processor
and analog-to-digital convertors

Frequency Devices Model 902 filter and
amplifier

2 channel programmable high pass filter
and amplifier for signal conditioning prior
to analog-to-digital conversion

Alphatronixs INSPIRE II optical disk
drive

1 Gbyte erasable magneto-optical disk
drive for data storage

Oyo GS 612 thermal plotter provide high quality hard copy of
processed data
Sona 486 PC 486, 33 MHZ PC with SVGA CRT for

display and host to DSP board

Telydne Geotech Research Array

2 channel hydrophone streamer for
recording sub-bottom data
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100 m power cable complete with underwater mate-able connections. The receiver sub-
system includes a two-channel hydrophone streamer with a 100 m lead-in cable and a two-
channel programmable filtering amplifier. The data processing, display and storage sub-
system includes the following rackmounted components: (1) a 486 PC which contains a two-
channel DSP processing board, (2) customacquisition/proc&ssing/displéy software, (3) aCRT
display, (4) an erasable optical disk drive, (5) a thermal plotter, and (6) an uninterrupted

power supply.

The general operation of the system is described as follows. The processing software
initiates the generation of a trigger pulse simultaneously with the onset of analog-to-digital
(A/D) conversion. The trigger pulse causes the seismic energy unit to discharge electrical
énergy through the sparker source generating a pressure wave in the water column. This
pressure wave is transmitted through the water and reflected from the seabed and from other
acoustic boundaries located below the seabed. The hydrophéne array receives these pressure
waves together with environmental noise and transmits electrical signals to the analog
amplifier. The returns from both channels are passed through analog high pass filters to
remove the effects of the ocean swell/waves and amplified (if required) to match the full scale
sensitivity of the analog-to-digital convertors. The analog signals are digitized by the A/Ds
contained in the PC. Raw digital data are stored together with navigation information on an
optical disk. Raw data then undergoes signal processing and is displayed on a CRT with a

hard copy generated on the thermal plotter. The following subsections describe the hardware
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and system configuration in greater detail.

2.2 Acoustic Source Characteristics

An ideal seismic source should produce an instantaneous positive shock wave,
characterized by a very quick rise in pressure, followed by a rapid decay (Trabant, 1984).
Table 2.2 lists a number of marine seismic sources available for use today which strive to
attain this goal. The type of source used varies with the depth of penetration and the degree
of temporal resolution required. As can be seen from Figure 2.2, a trade-off exists between
a source's frequency content (which in turn governs temporal resolution) and the depth of
penetration. This trade-off exists because of the preferential attenuation of high frequency

seismic signals as they pass through the subsurface.

The source used in the HI-DAPT II profiling system is an adaptation of a multi-
element sparker array. This source, developed at the Centre for Cold Oceans Resources
Engineering for use on a stationary seismic device, is described in detail by English et al.
1991. The source shown in Figure 2.3 is constructed of a cylindrical high density polyethylene
container [1] measuring 152 mm in height and 457 mm in diameter. Contained within this
housing is a 13 mm polyethylene disk [2] secured by polyethylene welding. Attached to the
underside of this disk is a 3 mm thick stainless steel plate [3] which is connected to the high

voltage line of the seismic energy power supply. The source can be equipped with a
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Table 2.2 Characteristics of common marine sources used in the acquisition of marine
seismic data( after Trabant, 1984).

Source Energy Firing Rate Pulse Penetration
EG&G electro-dynamic | 0.17 sec 400-14,000 Hz 40 m
Boomer plate 107 mbarm .
EG&G 1k electrical 0.75 sec 200-5,000 Hz 150 m
sparker capacitive

discharge
EG&G 46k | electrical 2 sec. 100-3,000 Hz 450 m
sparker capacitive

discharge

B

EG&G 8 electrical 2 sec. 70-1,500 Hz 1,200 m
sparker capacitive

discharge
EG&G 154 electrical 2 sec. 40-500 Hz 3,500 m
kj sparker capacitive

discharge

" Flexichoc implosion of 2 sec. 30- 1,000 Hz 1,500 m

hydraulic 3.0 barm

separated plates
Minisleeve explosion within | 0.33 sec. 50-1,000 Hz 1,500 m
exploder elastic sleeve sequentiallyor2 | 5.0 barm

sec. otherwise
245 litre implosion of 0.5 sec. 50-1,000 Hz 1000 m
watergun water slug 3.8 barm
655 litre implosion of air | 0.25 sec. 10-150 Hz @-20 | 600 m
airgun bubble dB
] 1.25 bar m

12
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[1] outer jacket constructed from high density polyethylene cylinder
[2] 13 mm polyethylene disk secured with polyethylene welding

3] 3 mm stainless steel plate connected to the high voltage positive (+)
[4] stainless steel electrodes connected to the high voltage negative (-)
[5] electrically insulating nylon inserts

[6] top cover

Bottom view of
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Figure 2.3 Cross-sectional view of C-CORE multi-tip sparker source (TOP) and plan
view showing electrode configuration (BOTTOM) (Black electrodes
represent those active for Panama City sea trials (see Chapter 4)).
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maximum of 121 stainless steel electrodes [4], all machined to .05 mm tolerance. These tips
ére threaded into nylon inserts [5] which in turn are threaded into the polyethylene and
stainless steel disks. The stainless steel electrodes are connected to the high voltage ground
of the seismic power energy power supply. The nylon inserts insulate electrically all but the
tips of the electrodes from the stainless steel plate. All electrodes are connected electrically
within the housing and the entire housing filled with a petroleum wax to prevent corrosion
of the electrodes and eliminate the air cavity which could cause acoustic reflections. A top
cover [6] constructed of high density polyethylene is attached with ten screws. Figure 2.4
shows the amplitude spectra for the 480 J, 750 J and 1080 J power settings using the 121 tip
configuration. The figure demonstrates that as the power increases from 480 J (A) to 1080 J
the spectrum decreases in both bandwidth and center frequency (mid-point of the amplitude

spectrum at - 3 dB) decrease.

The sparker was modified to provide a larger amplitude signal for use in a surface
towed mode. Originally the electrical connections between all but twenty-five electrodes
were disconnected such that the energy-per-tip, and hence the amplitude of the signal, would
be increased. This configuration, tested in Conception Bay in June 1993, provided an
adequate signal for approximately an hour of use before the amplitude of the signal began to
decrease. A close examination of the source revealed that tips which were electrically
disconnected from the seismic energy power source were firing. This resulted from the

leakage of seawater into the housing reconnecting the isolated tips thereby decreasing the
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energy-per-tip and the amplitude of the seismic signal. Leakage in the nylon inserts also
provided an alternate path to ground for the electrical energy. This problem was overcome
by removing the isolated tips and plugging the holes with 13 mm nylon screws. The remaining
tips were removed from their nylon inserts and re-sealed with a silicon sealant before being
rethreaded into the sparker body. Figure 2.5 shows a record and the resulting spectral
analysis from the modified sparker recorded in the Gulf of Mexico. A comparison of this
figure with Figure 2.4[c] shows the effect of varying the number of Joules per tip. The
frequency spectrumn of the modified sparker signature is narrower in bandwidth and lower
in center frequency than that displayed in Figure 2.4[c]. Although not evident from Figures
2.4 and 2.5, the modified sparker produces a larger amplitude signal than its 120 tip counter-
part. The tradeoff for the larger amplitude signature is the magnitude of the bubble pulse
(Figure 2.5 at 6 ms.). The bubble pulse, with a period of 4 ms, manifests itself in the frequency
spectrum as the 250 Hz comb. The bubble effect can be reduced by digital signal processing

and is not as serious an impediment as it would be for a conventional analog system.

2.3 HYDROPHONE ARRAY DESIGN

The HI-DAPT II system is equipped with a custom built streamer. The streamer
consists of twenty individual hydrophones configured as two separate channels (Figure 2.6).
The first channel, a point receiver, consists of the innermost hydrophone located 4293 +/- 5

cm. from the head of the streamer. The second channel contains the remaining nineteen
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Figure 2.5  Seabed reflection and spectral characteristics for modified C-CORE
sparker(24 tips) at 1080 J power level recorded by line array in Gulf of
Mexico.
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Figure 2.6 (Top) Schematic of hydrophone streamer active element. (Middle)
Operational assembly. (Bottom) Schematic of the programmable filter gain
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hydrophones connected electrically to form a line array and provide a single output. The
output of each channel is passed through a voltage preamplifier located in the head of the
strearner. The streamer has a 100 m lead-in cable and a 15 mrope tail. The rope tail is used
to keep the active element under tension such that it remains straight when under tow. When
operated in surface towed mode the lead-in cable is fitted with buoyancy devices such that
the active element remains approximately 0.25 metres below the water/air interface. When
operating in deep-tow mode a fairing constructed of 9 mm nylon rope is used to reduce the
effect of strumming in the cable. The two-channel configuration was chosen to allow the

streamer to be adaptable to both modes of operation and a variety of different water depths.

2.3.1 LINE ARRAY

The line array in the HI-DAPT II hydrophone streamer is an equally weighted line
array. The array consists of 19 hydrophones of equal sensitivities and a uniform spacing of
109 +/- 5 mm connected electrically to provide one output. The line array provides a better
signal to noise ratio than does the single channel by canceling random noise as well as
preferentially receiving signals whose wavefronts are propagating vertically. A wave
approaching the array in the vertical direction will affect each hydrophone simultaneously and
constructively. Waves approaching at angles other than vertical will affect each individual
hydrophone at different times and hence cause a degree of destructive interference. The

degree of destructive interference will depend upon the angle of incidence and the frequency
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of the approaching wave train.

The response of an array is shown by the means of an array response diagram. The

response of a equally weighted linear array can be determined as follows:

sin(Nn(f-))

1 a

R= 2.1
N smm(-;i»

Where: R = normalized array response
A,= apparent wavelength
N = number of array elements
d = array element spacing

Figure 2.7(a) shows the normalized array response diagram for a 19 element equally weighted
line array. The values of (d/A,) are given only up to a value of 0.25, but values of up to .50
are valid since the inverse, (4,/d)=2.0, is the limiting condition of two hydrophones per
wavelength to avoid spatial aliasing. The diagram shows that the array response reverses sign
at (d/A,) =.05 and (d/A,=.10). The first half cycle of the curve (0<(d/A,)<0.05) is considered
the pass region of the array. The portion of the curve beyond (d/A,) = .05 is considered the
reject region. Waves for which (d/A) > 0.05 will be attenuated to at least .15 of the

amplitude of the signal from 19 hydrophones bunched into a single location. Figure 2.7(b)
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shows three curves representing ranges of (d/A,) for seabed reflections from increasing
depths, observed with a 109.2 mm hydrophone separation and three frequency components
of the sparker source. From these three frequency components, we can construct two
bandwidths, 300-2000Hz (25 tip, 1080 J) and 300-4000Hz (121 tip, 1080 J). From the
diagram, it is evident that at reflector depths less than 20 m the array will cause a degradation
in the 4000 Hz component of the signal to approximately -3dB, thus behaving as a low pass

filter.

To further illustrate the behavior of the array Figure 2.8 shows seismic records of both
channels acquired with the towbody approximately 13 m below the surface and 150 m above
the seabed. Figure 2.8 illustrates the benefits associated with the multi-element line array over
a single hydrophone when receiver/reflector separation is large. Figure 2.8(b), data from the
line array, shows much stronger images of reflectors between 200 ms and 210 ms than the
equivalent data from the single hydrophone (Figure 2.8(a)). Figure 2.9 shows seismic records
collected at Port de Grave, Conception Bay, Newfoundland with the towbody located at a

maximum of 3.6 m above the seabed.

Examination of the records show the loss of the high frequencies in the data acquired
with the line array in comparison to the data from the single hydrophone. A small in-filled
channel evident on the single channel section can not be distinguished on the line array

section.
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Figure 2.8  Comparison of single hydrophone (A) and line array (B) to illustrate the
benefits of the multi-element line array when operating streamer large
distances above the seabed. Data collected from a deep tow in the Gulf of
Mexico. The source and streamer were approximately 13 m below the surface
and 150 m above seabed.
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2.4 Digital Data Acquisition

Analog signals returning from the hydrophone streamer are passed through an analog
high-pass filter, amplified if necessary to match the full scale sensitivity of the A/D convertors
and digitized with 16 bit A/D convertors. The A/D convertors are located on the DSP board.

The following sections describe the analog signal conditioning and the A/D conversion.

2.4.1 Analog Signal Conditioning

Initially the analog input stage consisted only of an analog amplifier together with
adjustable blanking and clipping circuitry. The clipping circuit was set at 5 V., the
equivalent of the full scale sensitivity of the A/D convertors. The clipping circuit was
equipped with two LED's to indicate when the signal was amplified to 5 V_,. This
arrangement would allow the direct arrival to be blanked and the seabed reflection to be
amplified to a 5 V,; in order to retain the complete 16 bits of resolution at the seabed. The
first field trials proved that signal levels in the streamer due to the ocean swell and wave
induced noise were orders of magnitude larger than our seismic signals and acted as a low
frequency carrier wave. When the amplitude of the carrier wave exceeded 5V, it would
be clipped by the signal protection circuit and the data was lost. The analog front-end was

replaced by an off-the-shelf dual-channel programmable filter instrument. This unit is a two-
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channel amplifier equipped with two eight pole Butterworth high pass filters. The amplifier
is capable of providing signal gain ranging from 1.0 to 13.75 in 0.05 gain increments both

prior to and after filtering.

2.4.2 Analog-to-digital conversion

The HI-DAPT II processing system is equipped with two-channels of high
performance, 16 bit, analog-to-digital and digital-to-analog conversion on a daughter card
mounted on the DSP board (Specifications for the DSP 96002 board are provided in
Appendix A). Each channel provides phase-coherent, synchronous (within 10 ns) sampling
of the two-channels. The convertors themselves are connected to the DSP board by means
of a high-speed serial interface. The convertor's full scale sensitivity is adjustable from 500
mv,, v 5.5 Vo, by means of two multi-turn wrimpots located on the daughter cards. The full
scale sensitivity was adjusted to 5 V, using a function generator in parallel with an
oscilloscope. Table 2.3 shows the A/D convertor's sampling frequencies. These values are
software programmable and range from 6 kHz to 96 kHz with 16 bit resolution or from 32
kHz to 384 kHz with 12 bit resolution. The sampling frequencies available on the HI-DAPT
IT are listed in Table 2.3. The length of the record collected is limited only by the RAM
available on the DSP board and PC. Currently record lengths of 2048 and 4096 samples are

implemented.
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Table 2.3 Programmable DSP 96002 Sample Rates.

Sample Rate Index 16 bit mode* 12 bit mode

Sample Rates Sample Rates
(Kilo-samples/sec) (Kilo-samples/sec)

0 6.000 24.000

1 8.000 32.000

2 11.025 44.100

3 12.000 48.000

4 16.000 64.000

5 22.050 88.200

6 24.000 96.000

7 32.000 128.000

8 44.100 , 176.400

9 48.000 192.000

10 64.000 256.000

11 96.000 384.00

* only 16 bit mode currently implemented in HI-DAPT II software.
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The A/D convertors are sigma-delta oversampling devices. Prior to the advent of
sigma-delta oversampling, convertors relied on either successive approximation or dual slope
integration methods of pulse code modulation to encode the analog signal. Sigma-delta
oversampling devices move most of the elements of the conversion process from the analog
to the digital domain. The greatest benefit of the sigma-delta oversampling is the near perfect
nature of the A/D’s anti-aliasing filters. The anti-aliasing filter has a flat pass-band (+/- .0003
dB), excellent stop band (96 dB) and linear phase. The trade-off for the ideal filter
characteristics is the group delay. This delay, inversely proportional to the sample rate, is
particularly troublesome for real-time applications. In this case, the delay prevented the D/A
convertor from being used to produce an external trigger for the seismic energy unit
simultaneous with the onset of sampling. A software generated trigger pulse is delayed by
35 samples at the analog output of the D/A convertor. To provide a real time trigger a BNC
connector was wired to a header pin for Interrupt 11 on the DSP board. This pin provides
a TTL level signal which can be at either of two states, 0 V or S V. No interrupt handler was
installed on the PC's motherboard such that the generation of an interrupt would affect the
regular operation of the PC. An assembler routine was written to toggle the interrupt 11 bit
high and low. This routine was used to generate the square wave pulse required to trigger
the seismic energy unit. The call to the trigger routine was placed directly in front of start-up
of the A/D convertors in the software to minimize the delay between source ignition and the

first sample in the record.
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2.5 Data Processing, Display and Storage

The HI-DAPT II system is configured to acquire two 2048 or 4096 point records per
shot. The raw 16 bit data is converted to 4 byte floating point and stored in binary format or{
a 1 gigabyte optical cartridge in an erasable optical disk drive to allow post-processing if
required. Data processors, described in detail in the next section, are selectable from a pop-
up menu displayed with the data on a CRT display. All signal processing is done on a DSP
chip contained on a board within the PC, which serves as an interface for the DSP board.
The PC is responsible for the graphical display of the data, arranging the data in the proper
format for hard copy output and the transfer of data to the optical disk drive unit. Signal
processing, described in detail in the next section, includes noise spike removal, bandpass
filtering, predictive and spiking deconvolution, swell compensation, first break picking,
manual and automatic trace muting, horizontal stacking, automatic gain control and
instantaneous attributes. Processed data can be displayed on a CRT in either wiggle trace or
variable area format. A colour coded display of the instantaneous attributes is also available
from the user menu. A hard copy of the data is continuously generated on the thermal plotter.
Hard copy and screen display parameters are kept separate to allow a user to zoom in on an
area of interest on the CRT without affecting the hard copy. Trace ID number, processing

parameters and a time stamp are stored in a trace header on the optical drive.
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2.6 HI-DAPT II Overview

The proceeding sections detailed the physical aspects of the HI-DAPT II sub-bottom
profiling system. The system is designed be adaptable to a large number of operating
environments. The sparker source, in marine applications, provides the ability to vary its
spectral characteristics depending on the desired resolution and penetration depth. The
flexibility in sample rates allows the use of acoustic sources of different spectral
characteristics. The two-channel configuration provides two different views of the data and
allows operation in shallow as well as deep water. The ability to deep-tow the system allows
a reduction in the portion of the seabed insonified by the acoustic source thus increasing the
spatial resolution. Processing and display of data during data acquisition yields a higher
quality output than that available with conventional analog systems. The storage of raw data

in digital format allows post processing to be performed.
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3.0 Data Processing Software Development

Post processing of exploration seismic data revolutionized the exploration seismic
industry in the 1960's. Rapid advances in digital computer technology made it economically
feasible to apply processes adapted from information theory to seismic data (Telford et al.,
1976). Application of these techniques allowed geophysicists to increase both the coherency

and the temporal resolution of the data.

In contrast to conventional exploration seismology, sub-bottom profiling still exists
primarily in an analog domain. This is due mainly to the inability of the user sector to justify
the additional costs associated with digital systems and the post processing of the data. The
ability to process sub-bottom data during data acquisition would overcome most of the
problems associated with the cost of post processing. This ability would also allow the user
to select better data acquisition parameters (ie. source power level and frequency content,
towing speed) based on a higher quality record than is available with an analog system. Until
the recent development of low cost digital signal processing (DSP) technology it has not been

economically justifiable to process single channel seismic data in real time.

The following sections describe the implementation of conventional seismic data
processing techniques on a DSP embedded in a PC chassis to enable the processing of single

channel sub-bottom data in real time. The first section describes the software development
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environment. The second section describes each processor together with a list of its user
selectable parameters. In some cases, the benefits of the processing are illustrated by means

of example. The last section briefly describes the CRT and hardcopy display utilities.

3.1 Software Development Environment

To understand the software development environment a brief description of the
general operation of the DSP within the PC is required. The DSP is an I/O mapped peripheral
that uses eight consecutive I/O addresses . All data transferred to and from the DSP use these
I/O ports. Once running, the DSP drives the HI DAPT II system with the PC providing the
link between the DSP and user. All requests for data are generated by the DSP. An
executable routine running on the PC downloads a file to the DSP that contains the desired

instructions and then waits for requests from the DSP.

There are two distinct programming environments within which the HI-DAPT II
software was developed. The executable routine which runs on the PC services requests from
the DSP, displays the processed data on a CRT and handles the transfer of data to the plotter
and disk drives. This program was written in the C programming language. The processing
software, which runs on the DSP board is also written in C and compiled with a special
compiler/assembler which has the ability to optimize the code for the parallel nature of the

DSP chip. The fast Fourier transform (FFT) was written in assembler language to optimize
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execution time since data must be processed between successive shots. The external trigger

algorithm was written in assembler to enable access to the DSP's interrupt service.

3.2 HI-DAPT II Data Processors

Each processor on the HI-DAPT II was designed with a specific purpose. However,
the overall objectives are to increase the signal-to-noise ratio and to improve the temporal
resolution in the processed data. Figure 3.1 gives a flow diagram which illustrates the order
of the processors available on the HI-DAPT II. The majority of processors in the flow can
be either included or excluded by switching a flag available from the user menu. The
following sub-sections describe each of the processors together with its associated user

selectable parameters.
3.2.1 Convolutional Model for a Seismic Trace

Seismic data processing techniques have evolved since the advent of digital
computers. The basic model for a recorded seismic trace is known as the convolutional

model. The building blocks for the convolutional model as described by Robinson and

Treitel (1980) are given in equation 3.1.
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x(8)=w(t) xe(r) +n(1) (3.1

Where: x(t)= recorded seismic trace
w(t) =source wavelet
e(t)=earth response
n(t)=random noise

There are a number of implicit assumptions in the model. They are that the earth is composed
of homogenous horizontal layers that acoustic energy impinges upon these layers at normal
incidence thus not generating shear waves, and that the source wavelet is known and does not
change with its passage through the earth. In general an acoustic source generates a pressure
wave which passes through the earth and is reflected from boundaries with differing acoustic
impedances. This reflected energy is recorded by receivers which also record environmental
noise and even generate their own noise. The basic seismic wavelet is modified as it passes
through the earth causing the reflected signal to differ from that which was input. In marine
work the basic seismic wavelet can be measured in the water column but not at any
intermediate point of its travel through the solid earth. Hence, the basic seismic wavelet is
not known. Environmental noise is assumed to be random. However, in many cases noise

is coherent and can exist in the same frequency band as that of the source signal. The success
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of processing depends upon the degree to which the assumed system properties are valid.
The experience is that in spite of the imitations of these assumptions, digital processing does

enhance the data.

3.2.2 Bandpass Filters

A seismic signal is composed of primary reflections, multiple reflections, random noise
and coherent noise. In cases where the frequency content of the noise is within the bandwidth
imposed by the sampling frequency and outside the bandwidth of the seismic source signal,
bandpass filtering can be used to remove this noise. Caution should always be exercised when
applying such a filter because a reduction in the bandwidth of a signal also means a reduction
in the temporal resolution. As seen in the data processing flow diagram, bandpass filters are
available immediately after data acquisition and again after the application of the
deconvolution processors. These zero phase filters are designed and applied in the frequency
domain. The user specifies four values to design the filter. These values (low cut, low pass,
high pass and high cut) represent the pass band and reject bands for the filter. The amplitude
spectrum of the data to be filtered is modified while the phase spectrum is retained. The
amplitudes of frequencies between the high and low pass portions are multiplied by a value
of one. The amplitudes of frequencies between the pass and cut values are multiplied a linear
ramp extending from a value of one at the pass frequency to a value of zero at the cut

frequency. Amplitudes of all other frequency components are multiplied by zero. The
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resulting amplitude spectrum and the original phase spectrumn are passed through an inverse
fast Fourier transform routine to obtain the filtered data. The user is cautioned that the
corner frequencies are defined at - 0 dB and not the conventional -3 dB as with Butterworth
filters. Care must also be taken not to make the cutoff slopes to sharp and possibly introduce
ringing known as the Gibbs effect (Yilmaz, 1987). Figure 3.2 depicts the operation of the

bandpass filtering routine.

3.2.3 Deconvolution

The ultimate goal of seismic data processing is to enhance the seismic data to aid in
the interpretation of geology of the region. Through data processing an attempt to learn
something of the reflectivity of sub-bottom sediments is made. This in turn can be used to
infer, based upon reflection strength and a general knowledge of sedimentary processes and
physical properties, stratigraphic boundaries and the likely nature of sub-bottom sediments.
To obtain the reflectivity at each sample point would require a source of infinite bandwidth.
While such sources are not physically realizable, there is a large number of broad-band
sources available for use in sub-bottom profiling. The usable bandwidth of these sources is
severely modified as the seismic energy propagates throughout the Earth: higher frequencies
experience a much higher degree of attenuation than lower ones do. This narrowing of the
signal band-width results in an increase in the length of the seismic wavelet and hence a

reduction in the temporal resolution of the data. Primary reflections in a data set are

38



S0Hz ¢ 200Hz Sinusoidsi

4 1
ni 02
Teanslorm info requency Time [scconds]
damala with EFT and design
indow o itiply by m

Lx T
r__Of

L / 1 1.
% 50 1

-
1 L L 1
] 0 00 150 200 250 300 350 400 450 500

Transform result of sbave muldpticstdon Frequency [hertz)
snd otiginal phese spectrum Inlo ime
domain using IFFT

2 T

1
o
Ak

1.
‘0 o1 02
Time {(ncennda)

J

Figure 3.2 General operation of a bandpass filter designed and applied in the frequency
domain.

39



sometimes masked by multiple reflections and interbed reverberation and source ghosts.
Deconvolution in the form of least squares inverse filtering is implemented to help overcome
both of these problems. Spiking deconvolution is aimed at compressing the basic seismic
wavelet to a zero lag spike. This processor is used to help overcome the effects of absorption
and increase the temporal resolution of the data. Predictive deconvélution is used predict a
time series at a future time ¢ +a where « is the prediction distance. The predictable
component of a seismic trace are multiple reflections with a periodic rate of occurrence.
Predictive deconvolution is used to remove multiple reflections. A complete theoretical

description of least squares inverse filtering can be found in Robinson and Treitel (1980). The
two basic approaches using least squares inverse filtering included in the processing flow,

spiking and predictive deconvolution, are described in the next two sections.

3.2.3.1 Spiking Deconvolution

The basic goal of spiking deconvolution is to compress the seismic wavelet thus
improving the temporal resolution of the data set. The theoretical model on which
deconvolution theory depends makes a number of assumptions. Lindseth (1982) lists the
following assumptions:

- Source signal is known;

- Transfer function is known,
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- Source signature is minimum phase;

- Output signal is broad band;

- Noise is random(white);

- Earth's reflectivity is a random process;

- Source signature is stationary.

In reality, all of the above assumptions are violated at some time to a certain extent.
In particular, the source signature is not stationary because of dispersion in subsurface
sediments. However in most cases, the zone of interest in high resolution sub-bottom surveys
is confined to the upper 50 m of the sedimentary column. In cases such as this, dispersion is
not as serious a problem as that encountered in conventional exploration seismology where
large travel times occur. The source is not truly minimum phase because physical systems
require a finite time to be excited. However, impulsive sources, such as sparkers and
boomers, are very much front end loaded, that is, most of the energy occurs near time zero.
Hence these sources are a close approximation to minimum phase. In some sedimentary
environments (e.g. deltaic settings) reflectivity is not random but sometimes periodic with
seasonal variations in sediment loading(Lindseth, 1982). Finally some noise (e.g. cable
strumming, source generated noise and ship generated noise) is coherent. Despite all these
discrepancies between assumed and actual properties of the system, spiking/statistical
deconvolution is a common practice in seismic data processing and, with the correct choice

of the parameters, can yield satisfactory results .
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Spiking deconvolution developed for the HI-DAPT II uses the Wiener-Levinson
(Robinson and Treitel, 1980) algorithm. This approach, assuming a minimum phase source
wavelet, derives the source signature from the autocorrelation function of the recorded
seismogram. In doing so, the system response does not need to be determined since it is also
present in the recorded seismogram. When the Earth's reflectivity series is random, thé
autocorrelation of the seismogram is equivalent to that of the source signature. The general
procedure is to choose a section of the seismogram on which to calculate the autocorrelation
function. This design window should be chosen to include the section of the trace which
contains reflections from sub-surface boundaries of interest. The length of the filter, n, is
determined from an examination of the autocorrelation. Generally, the portion of the
autocorrelation function extending from zero-lag to the second zero crossing is representative
of the source signature. Figure 3.3(a) depicts the general procedure to perform spiking
deconvolution in the time domain using the Weiner-Levinson technique. Figure 3.3(b) shows
the form of the matrix equation for a filter of length n. The square matrix on the left is filled
with the autocorrelation lags, r, as shown in figure 3.3(b). The column matrix a, represents
the filter coefficients required to produce the unity matrix on the right hand side of the
equation. The autocorrelation matrix, a special type of symmetric matrix known as a Toeplitz
matrix, can be solved by Levinson recursion (Robinson and Treitel, 1980). To provide
numerical stability during computation, a small amount of white noise is added to the time
series. This prewhitening is accomplished by adding a small percentage of the energy to the

zero lag component of the autocorrelation function.
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3.2.3.2 Predictive Deconvolution

The recorded seismic trace includes primary reflections which result from acoustic
impedance contrasts in sub-surface sediments, the response of the recording equipment,
random noise and multiple reflections. These multiple reflections have different origins as
shown in Figure 3.4 and discussed below. The most common multiple in marine work is the
multiple from the water/air interface. This boundary, with a reflection coefficient of
essentially -1 causes the whole data set to be repeated with a period equal to the two-way
travel time from the seabed to the water/air interface with a phase inversion. Primary
reflections which exist in this zone are masked by the water/air multiple. Another source of
multiple reflections, common when using a sparker source, is the collapse of the bubble
generated by the sparker. This collapse causes a second pulse to occur with the same phase
with the lag determined by the depth of the source and the size of the initial bubble. This
collapse is essentially analogous to firing a second shot a short time after the initial shot. All
primary events appear as occurring twice in the recorded section. The third common source
of multiple reflections results from energy which is reflected within a particular stratigraphic
layer. These interbed multiples (peglegs) manifest themselves as events occurring later in time

than the primary at some factor of the two-way travel time in that particular layer.

The aim of the predictive deconvolution processor is to remove the multiple

reflections from the seismic record without affecting primary events. The predictive
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deconvolution processor, also based on the Weiner-Levinson deconvolution algorithm, is
depicted in Figure 3.5. The difference is in the design of the actual operator. Multiple
reflections manifest themselves in the autocorrelation as isolated packets of energy at a lag
equal to the period of the multiple. In the case of predictive deconvolution two parameters
are chosen from the autocorrelation: operator length n and prediction lag or gap a. The ga[;
time is chosen to include the entire autocorrelation up to the onset of the isolated energy
which results from the multiple. In the case of the water/air multiple the gap is equal to the
two way travel time from the sea surface to the seabed. When the automatic bottom tracking
(described in next section) is enabled, the gap time is automatically obtained from this auto-
tracking routine. The operator length is chosen to include only the isolated energy which
results from the multiple. The filter series operator is then obtained from the equation as
shown in Figure 3.5. This operator (with a phase reversal to account for the phase inversion
at the water/air interface) is then delayed by the prediction lag and convolved with the

recorded seismogram to remove the multiple reflections and leave only primary events.
3.3 Bottom Tracking and Swell compensation.
~The ability to map the seabed and sub-bottom reflectors depends, in part, on the

stability of the source and streamer as it is towed through or upon the water column. In

cases where the source and streamer are towed at the surface, a periodic static shift is often
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imposed on the seabed as a result of surface waves upon the water body. This effect must
be removed to correctly map the surfical sediments and subsurface reflectors. This can be
accomplished when the time of the bottom return is known. The ability to measure this time

is also essential for real-time water/air multiple suppression.

The three algorithms implemented to accomplish the foregoing are a first break time
picking routine, an automatic bottom tracking algorithm and a swell compensation filter. The
first routine is used to pick the first break time in a user specified window. When auto
tracking is enabled, the second routine controls the length and position of the portion of the
record in which the first break picking utility operates. The swell filter is used to correct the
seabed position based, statistically, upon a user defined number of previous traces. The

operation of each of these routines is described in the following three sections.

3.3.1 First Break Picking

The first break picking algorithm consists of two adjacent sliding windows of user
defined lengths. The windows move sample by sample down the trace over a user specified
search window. At each location, the mean power of the forward and rear looking windows
is calculated and the ratio of the two determined and stored in a temporary array. Upon
completing the slide the maximum ratio and its position in the array is calculated. The routine

works best when a rear-to-forward window length is on the order of the source pulse length
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and the rear looking window is approximately a factor of three larger. In most cases the
timing of the first break of energy on the seismic trace (excluding the direct arrival), the
seabed return, is calculated with an accuracy of +/- 2 samples. These first break times are

corrected to account for post shot recording delay and stored in the trace header.

3.3.2 Automatic Bottom Tracking

An automatic bottom tracking routine is included to relieve an operator of the task
of continuously adjusting the first break picker search window. The routine defines the first
break search window based on the median bottom time of the previous five returns. The
median of the five previous terms was chosen to reduce the chances of the search window
being displaced by outliers in the first break picks. The search window is confined to 1.5 ms
before and after this time. When the automatic bottom tracking is enabled, the prediction gap

time and automatic trace mute time can be obtained from the first break picking algorithm.

3.3.3 Swell Compensation

The swell compensation filter predicts the current position of the seabed reflection
based upon a least squares fit of a user-defined number of previous returns. The time

difference between the actual seabed pick and the predicted seabed location is used to apply
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a static shift in the required direction. When seabed topography shows little relief a large
number of traces can be used in the prediction. However in places where irregular
topography exists (in Newfoundland, for example) smoothing of the seabed reflections will
result from the use of a long prediction window. Despite the chances of smearing real
features the routine works well with a careful choice of parameters. Figure 3.6 shows a
section of data collected with a 3.5 kHz hull mount system before and after the application

of a swell filter.

3.4 Trace Scaling

The type of trace scaling performed on a seismic trace will depend on the objective
of the processing. Examination of amplitude variations which result from differences in
acoustic impedance requires that the effects of spreading losses (spherical divergence) be
removed from the data. However when examining internal structure in sub-bottom sediments,
it is often useful to enhance weak reflections relative to more prominent events. This can be
accomplished by applying an automatic gain correction which equalizes the energy in a user
defined window shifted by a specified number of samples over the entire trace. The following
two sections describe the spherical divergence and automatic gain routines of the HI-

DAPT II.
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3.4.1 Spherical Divergence Corrections

The firing of the sparker source causes energy to flow radially outward in all
directions forming a spherical wavefront. As the wavefront propagates, the energy is spread
over an increasingly larger surface. Hence the energy density decreases as the wavefront
expands. This decrease in energy as a function of distance from the source is known as
spherical divergence. Telford et al. (1976) show that for a spherical wavefront diverging
from a point source the energy density decreases inversely as the square of the distance from
the source. Hence, the amplitude, which is proportional to the square root of the energy,
decreases inversely to the distance from the source. Thus the spherical divergence correction
results in scaling the trace by a factor proportional to the distance from the source. In the
absence of velocity information on the subsurface and shallow reflectors, an estimate of
1500nvs, the velocity of sound in sea water, is used to correct the time series. This value is
expected to be accurate to within 20% assuming a maximum compressional wave velocity of

1800 ms!

3.4.2 Automatic Gain Control

In contrast to spherical divergence corrections, an automatic gain correction (AGC)
is applied to increase the relative amplitude of weak reflections to stronger events in the

recorded trace. The degree to which these weaker events are enhanced is determined by the
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length of the AGC window and the interval at which the window is incremented. The AGC
processor consists of a sliding window of user-defined length which is incremented in user-
defined steps over the entire trace. The algorithm determines the mean amplitude of the
portion of the rectified trace within the window. This value is then used to scale the midpoint
within the sliding window. The start position of the window is then incremented by the user-
defined interval and the process repeated. Upon completion, the amplitude values between
the scaled values and the start and end points are tapered linearly to the first and last scaled
values respectively. The choice of parameters is dependent on the objective of the

application which in turn is dependent on the sub-bottom stratigraphy.

35 Trace Mixing

Stacking of normal moveout (NMO) corrected common depth point (CDP) gathers
to increase the signal-to-noise ratio is a well established procedure in exploration seismic data
processing. Data are acquired with a single source (sometimes an array of sources) and a
multi-channel hydrophone streamer. Post processing first requires that these data are sorted
in CDP gathers. Each gather contains traces from the same reflection point in the subsurface,
acquired at different source-receiver offsets. Each gather is corrected for NMO and stacked
to yield a single trace. In theory, the signal-to-noise ratio is increased by the square root of
the number of traces included in the stack. In single channel sub-bottom data, one does not

have the benefits of multi-trace CDP gathers. However, in cases where sub-bottom reflectors
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exhibit lows temporal shifts between adjacent records, trace mixing can be applied to increase
the signal-to-noise ratio. This routine has the ability to stack up to a maximum of five
weighted traces horizontally. Weights are applied to control the effect of surrounding traces

on the mixed trace.

3.6 Miscellaneous Utilities

The following sections describe algorithms which were developed to alleviate
problems sometimes encountered in data collection and processing. The first, noise spike
removal, helps remove spurious events such as electrical spikes and random environmental
noise of anomalously large amplitudes. The second, trace muting, is useful to remove noise
in a processed section prior to the seabed return. The third, instantaneous amplitude, allows
the calculation of the magnitude of the complex representation of a seismic trace. These
processors have been useful in certain situations throughout the development but have not

been required most of the time.

3.6.1 Noise Spike Removal

Noise, common in all seismic data, originates from a variety of sources. In cases
where the frequency content of the noise is not within the bandwidth of the seismic source,

frequency filtering can be applied to remove it. Trace mixing, as described in section 3.5, is
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effective in enhancing coherent events and attenuating random noise. This algorithm is
designed to attenuate noise spikes in recorded data. The algorithm operates by obtaining the
mean amplitude in a cone-shaped window which diverges from a particular sample over the
previous three traces. If the value of the sample at the apex of the cone exceeds the mean
amplitudes of the values within the cone by a factor of the user-suppliéd threshold, it is scaled
to the mean amplitude. This window is incremented over the entire trace. In cases where the
sample in question is part of a coherent event the mean amplitude is large and hence no
scaling is applied. If the value in question's amplitude is at a level equal to that of the noise
then no scaling is applied. In cases when the amplitude of the sample in question represents
a spurious noise spike which exceeds the mean amplitude in the window, the sample is scaled
down to the level of the other samples in the window. The conical window was chosen so

‘as not to affect dipping events.
3.6.2 Trace Muting

The trace muting algorithm essentially zeros samples prior to a user-defined time in
each record. When the automatic bottom tracking is enabled the trace mute time can be
obtained from the first break picking algorithm. This utility is useful mainly for display
purposes, to remove noise which appears in the water column as a result of the application

of automatic gain recovery.
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3.6.3 Instantaneous Amplitude

When considered as an analytical signal (in the mathematical sense), a seismic trace
can be expressed as a complex function (Yilmaz, 1987). The seismic trace itself makes up the
real part of the complex function. The imaginary portion or quadrature is merely a 90° phase
shifted version of the real part. The quadrature is obtained by taking the Hilbert Transform
of the recorded signal. The instantaneous attributes (instantaneous phase, frequency and
magnitude) can be readily calculated once the complex trace is formed. Instantaneous
amplitude provides a measure of reflection strength. However, care must be taken to
preserve amplitude information in processing prior to calculation of the instantaneous
amplitude in order to extract any meaningful information. Another useful application of the
instantaneous amplitude is in the display of data from pulse-driven piezoelectric transducers.
When displayed in the time domain the signature from such transducers is that of a ramped
monochromatic sinusoidal. When displayed as the instantaneous amplitude only the envelope
of the pulse is displayed. The shape of the envelope is characteristic of the rise and decay of
the transducer when excited. Figure 3.7 shows a section of data acquired by the HI-DAPT

Il in the Pygmy Basin, Gulf of Mexico using a 3.5 KHz pulse driven transducer.

3.70 Video and Hardcopy Display

The CRT and thermal plotter display software were developed at the Centre for Cold
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Ocean Resources Engineering. The CRT display provides a real time display of processed
data and the user menu from which processing and display parameters can be entered. The

following section describes each of the display parameters.

3.7.1 CRT Display

Processed data can be displayed on a SVGA monitor. The screen display utility
offers a large degree of flexibility in the display of the data. The following lists the
available options:

- trace start/stop time

- number of traces per inch

- trace display overlap

- timing line increment

- wiggle trace/wiggle trace with variable area/variable density

- colour coded amplitude with or without wiggle trace overlay

- colour level adjustment

- 16 grey scale display

- contrast stretch

3.7.2 Thermal Plotter Display

Hardcopy of the processed data is available on a 300 dpi thermal plotter. The
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hardcopy display parameters are separate from the CRT parameters to allow the user the
flexibility to zoom in a section of the data without affecting the hardcopy output. The
following lists the options available in the plotting menu:

- trace start/stop time

- number of traces per inch

- plot width

- trace plot overlap

- heat, a multiplier to increase amplitude

- wiggle trace/wiggle trace with variable area/variable density

- trace bias

- primary and secondary timing line interval.

The proceeding sections demonstrate the level of processing available on the HI-
DAPT II system. Most of post-stack processors available in conventional processing
packages have been written and implemented to run in real time. The front end menu and
display package developed at C-CORE provides an excellent platform to carry out such

processing.
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4.0 PANAMA CITY SEA TRIALS

Sea trials of the HI-DAPT II sub-bottom profiling system were conducted over a
small region of the Northwest Florida Shelf west of Cape San Blas and approximately 37 kms
south of Panama City, Florida (see Figure 4.1). The sea trials were conducted as a part of the
Coastal Benthic Boundary Layer Special Research Program (CBBLSRP) sponsored by the
United States Office of Naval Research. The CBBLSRP addresses the physical
characterization and modeling of benthic boundary layer processes and the impact of these
processes on seafloor structure, properties, and behaviour (Richardson, 1994). The HI-
DAPT II was one of three systems chosen to characterize the site acoustically prior to the
onset of in situ experiments. The objective of the HI-DAPT II survey was to delineate the
vertical extent of a surfical sand layer over the survey area. The other sub-bottom systems,
a Klein™ 595 combination sides can/sub-bottom profiler and a commercial prototype of the
EG&G™ X-STAR chirp sub-bottom profiler, were used to examine detailed shallow
stratigraphy in the upper several metres of the sediment column, and to measure the
reflectivity of the seabed in an attempt to distinguish different bottom types based on the
acoustic returns. Vessel position was obtained with Loran C. Field trials were conducted
from the RV GYRE during the period from August 9, 1993 to August 13, 1993. Data were
collected on a time-shared basis over a 3 day period to avoid problems associated with cross

talk between the three sub-bottom systems and differences in preferred towing speeds.
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4.1 Geologic Setting

The major structural element in the northeastern Gulf of Mexico is the Apalachicola
Embayment whose axis plunges south-southwest (see Figure 4.2). The structural low of the
Apalachicola Embayment is inherited from a deep water strait, sometimes referred to as the
Suwannee Channel or Suwannee Straits, that existed from late Cretaceous to early Oligocene
time across northern Florida and southern Georgia between the Gulf of Mexico and the

Atlantic (Locker and Doyle, 1992).

The late Tertiary and Quaternary history of the northeastern Gulf of Mexico is a
record of repeated marine transgressions and regressions that have veneered the inner
continental shelf with fluvial sediment (Donoghue, 1989). The major source of clastic
sediments to the northeastern Gulf of Mexico is the Apalachicola River. This river, the fourth
largest in the northern Gulf Basin, delivers an estimated 0.7 million tons of sediment to the
Gulf each year (Donoghue, 1989). The Apalachicola River is the likely source of the quartz
sand sheet that extends over the study area and dominates the inner shelf of northwest
Florida. Present-day features of the inner shelf bottom sediments are a product of the late
Wisconsin and early Holocene fluctuations in sea level. Sediment supply to the inner shelf in
northeastern Florida has been absent since late Holocene time when virtually all of the
Apalachicola river's sediment load has been deposited in the Apalachicola Delta and the river's

estuary.
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4.2 Methodology

Data were collected from the RV GYRE with the HI-DAPT II sub-bottom profiling
system. Given the sandy nature of the seabed combined with the unknown depth of the sand
body a 25 tip sparker with a power setting of 1080 J was chosen to provide a signal of
sufficient amplitude and frequency content to enable penetration into the hard sand bottom.
A sampling frequency of 16 kHz was used to provide record lengths of 128 ms. Data were
collected during three periods on August 10, August 11, and August 12, 1993. The following

summarizes each data collection period.

4.2.1 Trial One, August 10, 1993

Data collection began at 2300 hrs, August 10, 1993. Because of heavy seas it was
decided to collect data in a deep-towed manner (see Figure 4.3). The hydrophone streamer
lead-in cable was fitted with a fairing constructed of 9 mm nylon rope to reduce the effect of
cable strumming when towing at depth. The strearner was attached to the tow body such that
the first active element was located 2 m from the center of the sparker source. A 34 kg lead
coring trigger weight was attached to a 2 metre chain. This chain was attached to a shackle
on the end of the tow line. The tow body was attached to the same shackle by means of a 20
metre section of 12 mm nylon rope (see Figure 4.3). This method allows any vertical motion

of the ship to be transferred directly to the clump weight, thus reducing the effect of the
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heavy seas on the towbody. The streamer, towbody and weight were deployed and data
éollcction began. An attempt was made to tow approximately 14 m below (2/3 water column
height) the sea surface to maximize the portion of the record before the sea surface ghost.
Data collection began just prior to arriving on station for Profile 5-6 (see Figure 4.1). Strong
winds made handling of the vessel difficult at speeds below 2 ms™. Variation in ship speed
caused the towbody to rise and fall relative to the seabed. Because of the instability of the
towfish and the low overrun rate attainable at 2 ms™* deep towing efforts were abandoned.
The system was retrieved and the weight and chain removed from the tow line. The system
was re-deployed and Profile 5-6 attempted in a surface-towed mode. During the second
attempt at Profile 5-6, a ghost reflection with a period of 10 ms was noticed throughout the
record. The weight of the hydrophone lead in and power cables were causing the towbody
and streamer to fly about 7 m below the surface. The complete system was retrieved. Floats
were attached to several places on the power cable and 1 m length of foam pipe wrap
insulation were secured to the hydrophone streamer lead-in cable. A third attempt was made
on Profile 5-6. Data quality improved and the addition of the flotation devices removed the
problem associated with the ghost reflection. At the midpoint of Profile 5-6 the trigger
circuit, which converted the HI-DAPT II positive 4 V,, trigger pulse to the negative 15 V;
pulse required by the Huntec Seismic Energy Unit failed. Lack of time and severe dampening
of spirits prevented collection of any more data during this shift. The trigger from the HI-
DAPT II was modified (in software) to produce a negative going square wave of 4V, ,. This

trigger pulse, even though less than 1/3 the recommended voltage drop, was adequate.
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4.2.2 Trial Two, August 11, 1993

Data collection began at 0200 hrs, August 11, 1993. Sea conditions had improved
since the last run. It was decided to remain in a surface towed mode gince discussions with
the ship's mate indicated that to remain on course at a constant slow speed (1 ms™) would be
nearly impossible. The system was deployed and we began to collect data along Profile 18-17
(see Figure 4.1). Approximately 5 minutes into the line the source signature changed

| drastically. The bubble pulse period had increased from 4 ms to 10 ms and the frequency
content of the data dropped. An increase in the period of the bubble pulse could only result
from the energy being discharged to a much lower number of tips. The system was retrieved
and revealed that the ground cable from the Huntec power supply was sheared off near the
sparker giving the effect of a 1080 J single tip sparker. The cable was repaired and the system
deployed again at approximately 0300 hrs. Profiles 18-17; 5-6 and 11-12 (see Figure 4.1),
were collected during the remainder of that night. Data quality was extremely good and a
strong continuous reflector could be followed on all three lines. A check of disk space on
the optical drive after the shift revealed that only a small portion of Profile 18-17 had been
recorded due to insufficient disk space. The software was modified to save the data file after
each shot and a error check installed on the file write command to advise of insufficient disk

space.
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4.2.3 Trial Three August 12, 1993

Data collection began at 1900 hrs August 12, 1993. Data were collected using the
same surface towed configuration as described in section 4.2.1. Conditions were excellent.
The sea was very calm and there was no wind. During the night a total of 25 km of data was
collected. Data were collected along Profile 13-14, Profile 3-4, Profile 16-15 and 2 cross
lines to tie the profiles together (see Figure 4.1). Insufficient ship time prevented the

reshooting of lines missed due to the disk write problem discussed in Section 4.2.2.

4.3 Data Processing

During the data collection procedure a minimum amount of processing was
performed. A wide bandpass filter (100/300/5500/7000) and a 10 ms AGC were applied to
provide an adequate display. These parameters were kept constant such that any changes
in the plotted sections could be attributed to geology rather than artifacts of the processing
itself. Reproductions of Profile 13-14, Profile 3-4, Profile 16-15 and the tie lines are shown
in Figure 4.4 through Figure 4.7 ( see Appendix B). The focus of the data processing in this
case is to enhance the records with respect to the base of the sand layer. The following
sections describe tests performed to select optimum parameters for the final processing of the

data.
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4.3.1 Preliminary Data Examination

Data are plotted in the convention of south-north and west-east as left-right. The ti;a
line is plotted as a continuous track to illustrate the continuity of reflectors within.
Preliminary examination of Figures 4.4 through 4.6 revealed the following: The seabed
reflection occurs between 30 and 40 ms two way travel-time(TWT) over the entire survey
area. A ghost due to the collapse of the bubble pulse can be seen at a period of approximately
4 ms. A broken reflector can be seen in places at approximately 50 ms TWT. A near
continuous reflector is seen at approximately 70 ms TWT. These same reflectors, as seen on
the tie lines (Figure 4.7), tend to dip to the west. The water/air multiple is evident on all
records. The convoluted shape of the pulse, with its multiple peaks, make differentiation of
real events and ghost reflections difficult. The hard bottom in the area also caused a large
water/air multiple. This multiple makes it impossible to determine the presence of any

reflectors beneath 80 ms TWT.
4.3.2 Bandpass Filter Tests

Bandpass filter panels as shown in Figure 4.8 (see Appendix B) were on performed

on 50 traces from Profile 13-14 (see Figure 4.4) to determine appropriate bandpass filter

69



parameters for the final processed section. The panels each contain consecutively higher
passbands as indicated below each panel. An examination of Figure 4.8 shows that frequency
components greater than 2500 Hz were attenuated near the seabed. Based on the filter
panels (Figure 4.8) a bandpass filter of 100/300/2500/S000 was selected for the final

processing.

4.3.3 Predictive Deconvolution Tests

As can be seen from Figures 4.4 through 4.7, the collapse of the bubble generated
by the sparker resulted in a ghost reflection with a period of approximately 4 ms. A closer
examination of the seabed return reveals that there are two separate processes contributing
to the distortion in the seabed return. It appears that there is a surface ghost caused by the
submergence of the tow fish, as well as the collapse of the bubble. Figure 4.9 shows an
enlarged section containing the seabed return illustrating this. As the tow fish sinks, the
period between A and B increases because of the increase in the distance between the towfish
and the surface. However, the period between A and C remains constant since it is a function
of the size of the bubble which in turn is a function of the power and number of tips. This
signal is on all major reflectors in Figures 4.4 through 4.7. Figure 4.10 shows a single trace
(a) and its autocorrelation (b and ¢). As can be seen, the autocorrelation contains a significant
amount of energy at lags up to approximately 8 ms. The two separate events discussed

above are difficult to distinguish as separate entities in the autocorrelation. However, from
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the time sections (Figures 4.4 - 4.7) it is evident that the period of the bubble pulse is always
larger than that of the surface ghost and begins at approximately 4 ms. A test panel of 100
traces (Profile 13-14 traces 100-200) was chosen to test the predictive deconvolution. These
trace were chosen because of the presence of the reflectors at 51 ms and 62 ms. Given the
nature of the problem, a single attack was made at both removing the reverberation and
shortening the temporal duration of the source wavelet. A starting point, and limits to test
the prediction gap, were determined from the autocorrelation in Figure 4.10. The gap time
was chosen to begin at 0.50 ms (second zero crossing time) and increment up to 3.4 ms while
the operator length was kept constant at 3 ms (see Figure 4.11 in pocket). An examination
of the test panels in Figure 4.11 show that prediction gaps between 1.0 ms and 1.9 ms remove
most of the reverberation and produce the sharpest seabed return. A second set of panels is
"shown in F igure 4.12 (see Appendix B) using a constant gap time of 1.0 ms and increasing
operator length from 1 ms to 9ms. From the test panels (Figure 4.12) an c.2rator length
of 3 ms is shown to be sufficient to remove the surface ghést and bubble pulse. However, a
reverberation at approximately 43 ms has become more prominent as a result of the scaling
down of the collapse of the bubble pulse. At an operator length greater than 7 ms, this
feature is attenuated at the expense of the reflector seen at 51 ms. A second application of
predictive deconvolution with a gap of 7.5 ms and a 2 ms operator proved sufficient to

remove this feature.

Predictive deconvolution was also applied to attempt to remove the water /air multiple
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which can be seen in Figures 4.4 through 4.7. The prediction gap was selected by the first
break picking routine to be the two way travel time to the seabed, and prediction operator
length was chosen to be 3 ms. The success of the applications of predictive deconvolution
can be seen in Figures 4.14 through Figure 4.18. The application of a 1 ms prediction gap
and a 3 ms operator has resulted in a compression of the seismic wavelet and removal of the
bubble pulse and surface ghost. The prediction filter with a 7.5 ms gap and 2 ms operator
successfully attenuated the ghost reflection at 43 ms leaving the underlying 50 ms reflection.
Given the success of these filters there was no need to attempt a spiking deconvolution since

the prediction filter essentially accomplished the same task.

4.3.4 Automatic Gain Tests

Figure 4.13 shows a set of test panels to determine the optimum window length for
the AGC processor. From the figure it can be seen how small window lengths tend to blow
up noise and severely decrease the signal to noise ratio of the data. Conversely, large
windows have the effect of no gain. A window length of 10 ms was chosen based on the

panels of Figure 4.13.

4.3.5 Processed Seismic Sections

Figures 4.14 through 4.18 show the processed versions of Figures 4.4 through 4.7.
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A bandpass filter, 100/300/2500/5000, was applied. The prediction deconvolution was
applied in three steps. A prediction filter with a gap of 1.0 ms and an operator length of 3 ms
was applied to collapse the seabed return and remove the bubble pulse. A second prediction
filter with a gap of 7.5 ms and an operator length of 2 ms was applied to remove a ghost
reflection that occurred after the amplitude of the bubble pulse was scaled down. A ﬁm'al
prediction filter with a gap time chosen from the first break picking routine and an operator
length of 3 ms was applied to remove the surface multiple. An AGC with a 10 ms window
length was applied to enhance weaker events in the processed sections. A three trace mix
with a trace weighting of 1:10:1 with and a one trace shift was also applied. Data are
displayed in wiggle trace format with a variable area fill. The sections are plotted at 50 traces
per inch with a trace overlap of 1.5. The start time was selected to be at 30 ms to avoid
plotting of the water column. An automatic trace mute was applied to remove the effects of

noise in the water column.

4.4 Seismic/Geologic Interpretation

Geological interpretation of seismic data is usually done with the support of sediment
core ipformation from the general area in which the seismic data are collected. In such cases,
seismic events can be correlated with a change in the physical properties of the sediment core
and the result extrapolated away from the core. It must be noted that the only ground truth

obtained at this site was surfical grab samples. Attempts to obtain gravity cores failed
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because to the inability to penetrate the hard sand bottom over the survey site. The lack of
oil industry activity offshore Florida also contributes to a general lack of sub-bottom data in
this region. The seismic data collected during these trials cover a relatively small region.
The short length of the lines prevents interpretation of regional geological features based upon
these data alone. Hence, the following interpretation is made on the basis of the seismic data
itself and the work of others (Locker and Doyle, 1992, Donoghue, 1989, 1992, Schnable,

1966) in the northeastern portion of the Gulf of Mexico.

4.4.1 Seismic Characterization

The processed data as shown in Figures 4.14 through 4.18 are used in the following
interpretation. The tie line shown in Figure 4.7 has been subdivided into Figure 4.17 ( Profile
20-21:Shot Points 1500-1) and Figure 4.18(profile 20-21:Shot Points 1500-2790) to allow

the display of each leg from west to east.

There are two main reflecting horizons evident in all of the data as shown in Figures
4.14 through 4.16. The first event, labeled S i( shaded in green), located between 48 ms and
51 ms on the south-north profiles, is characterized as a discontinuous, flat-lying, low
amplitude reflector. This event is evident on the southern portion of each of the south-north
profiles. On each of these profiles this reflector appears to be onlapping towards the north.

This event (S1) is more prominent in the southern tie line (Figure 4.18) where it can be seen
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dipping towards the southwest at approximately 0.1°(assuming a compressional wave velocity
of 1800 nv/s for the sand). The second event, labeled S2 (shaded in red), located between 60
ms and 70 ms on the south-north profiles (Figures 4.14, 4.15 and 4.16), is characterized as
a nearly continuous, flat lying, high amplitude reflector. This interface exhibits erosional
characteristics visible on southern end of each profile. This same horizon seen on the tie
lines( Figures 4.17 and 4.18) between 59 ms and 70 ms dips south-southwest at
approximately 0.1°. The high amplitude of this reflector indicates a strong impedance
contrast considering the depth of burial and attenuation experienced by waves traveling

through the overlying sand.

4.4.2 Interpretation

The event labeled S2 is thought to represent the base of the West Florida Sand Sheet
and the top of weathered limestone bedrock. The event labeled S1 is believed to represent
an erosional cycle during the deposition of the sand sheet. Donoghue (1993) studied well
logs in the Apalachicola Bay in conjunction with high resolution seismic data. His study
indicated two seismic sequences representing two erosional cycles overlying the Mio-Pliocene
Intracoastal Formation. The Mio-Pliocene Intracoastal Formation is described as a sandy,
argillaceous, poorly consolidated, highly microfossiliferous calcarenite (Locker and Doyle,
1992). Locker and Doyle (1987) report the same sequence from data acquired near Cape San

Blas. Schnable (1966) reports two discrete sequences of Pleistocene fluvial-deltaic sediments
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with a thin veneer of silt on top from a 27 m borehole on land approximately 20 km west of
| Cape San Blas. Donoghue (1993) reports the lower reflector to intersect the seafloor east

of Apalachicola Embayment as a series of south-southwest dipping, discontinuous low

ledges.

The following summarizes the interpretation in terms of the late Wisconian-Holocene
history of the study area. At the time of maximum sea-level lowering associated with the late
Wisconsinan glacial stage (approx. 17000 ybp), sea level stood approximately -90 m BSL
(Donoghue, 1993: Frazier, 1974). The study area, then subaerially exposed, was stripped of
its marine and deltaic deposits from previous high stands in sea level and eroded to the
Miocene carbonate sequence. Based upon the studies near shore and the seismic character
of S2 the author believes this surface to represent the eroded Miocene limestone. Upon the
beginning of the retreat of the glaciers, fluvial volumes would have increased dramatically
with fluvial sediment deposited on top of the eroded limestone bedrock. Frazier (1974)
indicates a still-stand in sea level during the period 10,000-7500 ybp. Still-stands in sea level
during an otherwise steady transgression would probably cause a disconformity in the fluvial
deposit. This is the likely nature of the event labeled S1. The establishment of the river-
mouth estuary-Apalachicola Bay (3000-4000 ybp) has meant an end to the sediment supply
for the northeast Gulf shelf (Donoghue, 1989). This absence of an active source would mean
that the surficial sediment of the northeast gulf is a product of constant reworking This may

explain the reflection-free character within the upper portion of the sedimentary column.
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Records collected by the chirp sonar during this same cruise indicated a nearly reflection-free

sequence within its 5 metre penetration limit (Anderson, pers.com, 1994).
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5.0 Conclusions

A new sub-bottom profiling system, the HI-DAPT II, was designed, assembled and
field tested. The system is adaptable to any number of acoustic sources thus well suited to
any aqueous environment. The two-channel receiver, single hydrophone and line array, offers
a flexibility not available in many conventional sub-bottom systems. Data is recorded with
a high dynamic range, stored on optical disk, processed and displayed both on a CRT and in
hard copy. Data processors perform well and are suited to meet many of the challenges

associated with the processing of high resolution sub-bottom data.

The sparker source used in the HI-DAPT II sub-bottom profiling system provided a
broad band signal with sufficient amplitude for use in profiling shallow sediments with a high
degree of temporal resolution. The ghost caused by the collapse of the bubble is an
unattractive feature common to all sparker sources. The digital signal processing was able to
reduce the effects of the bubble pulse. The amount of time required to service the source is
it’s main deficiency. Field tests have shown the system to perform relatively well in a surface
towed mode. Problems associated with the deep tow are likely related to the hydrodynamics
of the tow body itself. The surface ghost caused by the submergence of the towfish also
indicates that an alternate towing vehicle needs to be found. Future research should be
directed towards investigating a means of replacing the sparker tips without a complete

dissembling of the source as well as designing a new tow body.
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The two-channel configuration of the hydrophone streamer has been proven to be
adaptable to both shallow and medium water depths. The streamer has not been used to

record data from depths of 200 metres therefore it is impossible to evaluate the streamer for

deep water operations.

The pipeline processing and display of data limits the shot repetition rate to a
maximum of 1 shot per 1.5 seconds. In situations with shallow water and vessels which
cannot maneuver at low speeds data coverage will be low. This is particularly dangerous in
areas with high dipping reflectors where the risk of spatially aliasing is greater. Two
alternatives are available to increase the repetition rate without sacrificing processing
capabilities. The first would involve replacing the digital signal processing board with one
which operates at a higher speed. The second alternative would be to move the system to a
platform where true multitasking could be performed. Because the PC platform was chosen

to keep the costs of such a system to a minimum, the first alternative is recommended.

The objectives of the field tests near Panama City were met. The event interpreted
to represent the base of the West Florida Sand Sheet can be seen throughout the survey area.
Whergas, lack of physical data prevents substantiation of this interpretation, the findings do
agree with those of Donoghue (1993) and Locker and Doyle (1992). Whereas a profile from
the survey site east towards Cape San Blas would have provided the data to validate the

interpretation, it was beyond the scope of this program.
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In conclusion, the HI-DAPT II sub-bottom profiling system offers many advantages
over conventional systems which have been considered industry standards. The ability to
acquire, store, process and display high quality digital data represents a great advance in
comparison to analog dry paper records. The advantage of in-line processing will allow
survey parameters to be based on a better quality output than previously available. The
processing of high resolution seismic data in a cost effective manner will yield a better
quality product for the marine geologist. The ability to remove water multiples, source ghosts
and other artifacts of the data acquisition process will make interpretation of such data less

difficult in the future.
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Glossary

analog-to-digital (A/D): The process of converting an analog voltage to a digital number.

automatic gain control (AGC): A gain function applied in the time domain where the
amplitudes of values in a user defined window are scaled to the maximum value in that
window. The application of an AGC tends to equalize the amplitude values within a

seismic trace.

binary format: A format of storing digital numbers which uses the binary number system.

cathode ray tube (CRT): The mechanism used in the video display of computer systems.

common depth point (CDP): The situation where the same portion of the subsurface is

involved in producing reflections from different source receiver locations.

deconvolution: The process of undoing the effect of another filter. In the seismic case this

filter can be earth response or an artifact of the acoustic source.

digital signal processing (DSP): A specialized computer chip, usually a parallel

processor, dedicated to processing digital data.
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first break: The seabed reflection on a marine seismic record.

front end: The interface from which a user controls a geophysical instrument and which

analog inputs undergo signal conditioning and are digitized.

input/output (I/0): The process which refers to how information is input and output

from a computer.

line array: A receiver in which a group of elements are attached in a straight line and

whose outputs are summed to provide a single output.

minimum phase wavelet: A wavelet that exhibits minimum phase in the frequency
domain. In the time domain this wavelet type wavelet will have all its energy concentrated

towards time zero.

normal moveout (NMO): The variation in the time of a reflection due to the variation of

source/receiver offset.

pegleg multiple: A multiple reflection from different interfaces such that its ray path is not
symimetrical, or a multiple reflection which is reflected more than once within a certain
layer.
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post stack: A time interval in a processing flow which occurs after data have been
gathered in to CDP gathers, corrected for NMO and stacked to form a composite record.

Similar to a normal incidence profile as collected by a single channel sub-bottom profiler.
overrun rate: The rate of firing of an acoustic source relative to the distance covered. It
is desirable to fire the source at an interval whereby successive footprints on the sea floor
provide a minimum of total coverage.

real time: The process of processing and displaying data as it is acquired.

seismic section: A collection of seismic records displayed adjacent to each other to

'display a 2 D time/depth section of the subsurface.

time variant gain (TVG): A gain function applied to seismic data whereby the gain is

applied as some function of time.
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Seismic Section Legend

Horizon S1i

Horizon S2



Tty M&d!ﬂzb‘ﬁf’ (H wmmm}«i'ammnnﬂmmm‘lnrm:mlmummmimwmmmmlmmmmulmmuum(fmm1hmmmuummmmmmmim« NGOG W&W&'ﬂh".’d'&.‘ﬂ)""iﬂ'"llNdm %
B O s T s R R R O T e A A A R R
PR L LB HCTERAR ﬂIllH'ﬂﬂﬂﬂllllhi!lﬂ'mllillllh IR IIIIIlllllIHllllldhlll-![ﬂ'llllﬂl‘ﬂlllllllllmlelllllhIIIIl‘IIIhlﬂﬁl.lm‘lllllll"ml‘ll'ﬂlﬂ"lm e ﬁliﬂ’l NI l" ORI DR AR DD RE
LT R T A R llllml\\Hﬂ“nl“il‘d.‘l‘h(.lﬂhfl‘llﬂlﬂll)f‘hllll‘i B T R R umnunumm,lmu»uummmrmnmn»
lllllll’ﬂt!l'lllh!I!ﬂlllll'lllll‘llllll‘llllllhlllllllllllll!!l'lllll'd‘lllll(ﬂlt!mhlﬂHFN‘RiLMﬂlllllﬂIﬂl'mli' e L !!ufnimunulmmu.n.umh.'||mmmmu(llmmm.wmmumrm'uum'mw.:lmnwlmwmum.mu.mmww'uumrmu

'| AR R R RRTHARO R L TG T
i ey I”lllll!lnllllll DT IR ]
“‘.““H’llmllililI’ll!'llllllmllllillll_!i‘lllll“'};
NHiH
(Rl
N,

.\\o

AN Lv
filil G‘A{IN"'HJ}'J (.l H

'.h‘. \N d:-!l'ﬁ‘

{RIIICL mwm'qn

At H
mmim STIKRTHIIND Y B S R T L .

SR W'nvwwmml'.nn.ﬂmumu.'mmwmn,lmunw N m.‘mwnwu 11'}“1”‘&"1”[, O R aT 2
A S R AR nmonrwn.rmmm‘«ﬂ',w:unxm:m.mmz (IO nmunwu 'r"‘ll([fdhﬂm‘i‘?ﬁﬂ.u'i‘bﬂlll((’m ! )ﬁ!( 4
wwnmuwmmmumlrm:wmmnn'w'nm\m,rmmm'.um RN APIAERIINA = NI m!-)wmummmmn,uw;mw'nu.bmmt.dn‘m'nmn A AR i?o‘dl"l U if ST N ﬂ
MMWALSWW mnmIlmmum::}wu"m'mm‘lwu 10 e ZACEERTIRS mwmmm {tll!l({{!ﬂha‘lﬂ» AT Hl Lsm.muvunnmmsmt‘t'mmmm llllhlwmﬁtd“H‘dmﬂ"l AR ’»ﬂlf i'ﬂ“‘fﬂﬂ.!‘(*'«ﬂ Mlﬂlf f
EL R IR m.nwu,tmn'mmm.x AR :fH"“‘ .i'L YN ey 2 RPN RtapeP KRN ARG EAT T O AR D LS AR R TR A P IR IR KR ity ARAIT
wm 'mtmw’ JH’H ,N ﬂl‘l l?nii(al(‘lm-ii‘g‘.':-'l'm! : RN ‘H@.‘.ﬂ!ﬁ ( .(' AR i lh‘:‘ IW\?M SMI’L B IER "‘nldhhh-llﬁi'ﬂ‘! LRALRRG ")W’Ili*’muﬂlﬂ'WW"llvu“mh".uﬂG”U!l lhf’»}

QIR RN "?I IR~ AN R i t-.. Wi AR i S‘III"ll‘dl‘! mm?‘h}lﬂ ! bt
i k.\.\n‘(b@"'ll*" 4""‘\("1 3 \ A " B

LD i ;d i d]"' M

4 i ! 3
il rm ! SRR AR TN s 1 4 ; ;‘Tl,umh. i Ilh‘ fll. k“h.l LT (Y R I R RN " TUW 'h )
A)J"Wﬁf‘n‘u( '1'-.{_-4}’ l,/ﬂl) RN ST IRAY f‘“\““ﬁ'ﬁ‘lf' it "l“?lf"li'.\!qu ho 2: =y n}.\“ U R, JVNTMNE'U i v‘f‘ NIENALS \"lﬁ‘s\‘““;‘» SERy i
e R A J‘c!‘A"l'llx(h‘ﬂhﬁ!‘lhmHJ‘ AKX PR TROERAT Y hm'f!‘lf'mlfh“'ﬂltmfmml'hﬂl‘wm‘lllHYM'MI i '.‘m‘ll'ﬂ" ‘ll‘hﬂ“ﬂ RSB A A S T R VB ok ‘v‘.h‘l'ﬂ"li«'f&l i

'F"‘WME& e albRai Bl T RN I R il st H i RV TP i R R s TR I(hMMl‘l'\ mn ﬁ‘m\?!"(d".( AR d!iﬂﬁx‘ it gi’l%’"l"‘l'

3'("@.‘:}1’}1!‘«‘”“&’& AT "lm l‘I"leLlP’ai'ﬂ‘ S B SR Sy R A AN I S AR LB ERNTHES B ] 'qfl‘.‘%‘i\dlh-"\|(dh‘i?‘4 ’iM iv“’d ll’ ‘*‘U‘H.R-‘U.‘.H‘lﬂ’-"
IS, et A RIRR IR Wt A S O R T DR IR T AR o D TAT IR R T mmlwmN‘uwumxmmm'lmmm,.u1 AL u,m.m.'1."':49:'11.1.!;11‘1";'.' P i
BN el ‘I)‘NIH'H‘I e ui\‘.h.ﬂl“ﬂlh\‘l\Yl’(NH«‘MI’MlHlf!i‘ﬂ\‘ "M "’UU‘\‘I‘H 1\! MHI'I ‘Wllhm Il ll]-!&"‘)‘hillﬂﬂ-\" e llﬂlﬂH il M‘JM. (l'lll»ﬂm‘al{ll :
ﬂ!lll“!lllhxﬂll ! i h:l" il 'hll‘hi ) l} il 4 AL, ), i gl

AT !T KR f‘lﬂ ”W'mll"

I Ji 'll'.I':l.S\‘:.\mﬂ Jiki N”’I(«.thi"’ » !I‘: RISy

JIRTH ARG l‘ﬂi’:ﬂ“ml‘ﬂilill (UK FHTHAAG
’11'}{["7”").((. L rand]il H’( (

IM‘{\ “I\‘ “IW“‘MI \" il

'| it el

i ll\‘l]l‘(' MlMi
“{I "‘j H' }) ‘\Ulj‘ v' |‘|’l| “ ‘ J
'l\*'“’(\Ul""W( \"'lh“'} \m h\ RIEW

A WIGAEETEADR;
ARl !llh'u.l‘! i

«lvmm.m. DL RN il
Wi AR ML h‘ I lml,:!’!.lllllll“h! “\‘I‘l'h‘l\ll"lllfllln |
BUUYSIEITML AL Hll’hlh'l]ll’ﬂﬂ”ﬂ H‘!‘lUl’l'n‘a[‘(hU’ll‘lIJIIHL'\.'\'
l\‘ltlllr’mllﬂh‘\‘mmﬂh AT 1.\'“\“ 'H“l"llll l\‘lllli‘ml\l’. ! Wi 1
R R R AT TIVHE S B
IRt U !I\Illﬂ‘llln)dl l‘ll s Al K
el l‘ll..ll!.tlﬂhil'hh|l!1'l

el AT
"iﬂmlelhﬂl'{'sl’wl‘l}' o g
'“';‘,“"“ Rt

'llllln
o D N AR T
TR ‘l ,m' "m'f ‘l d‘ lh‘lh’i.h A R d'“\"l'lll
fIKHE ‘“’UJ..INI.\'!‘I' MR Il"‘m"’l,wh‘; I e e U R R VAT
) LI ji hlflml‘!l'l.l‘ I N IH

Lt
AR
Il wlaks ‘;.‘n’-',”ﬂ"l-'l'l‘l* JUIM‘
'H(’lh’n!l[““‘ DL A 1
II Hl lHH AR it 12 -11
l"MlﬂﬂHll.thU ummm TR lm’h’”ﬂhi“l“l
T R R CRI mh.lmw I ]
Uity mmm\mwwuh(ut«mn.uum St (N K M l( [u}
1530 40 itk lNTIHHHhﬂ'lIl Hllllllfhll‘lih'lllﬂ RIIEN l}lldl’ll“ﬂ’él
it lit‘hdﬂ’l ‘,!’ it AR

SN e
IR 5!‘U»Nllll.\lnl
$ill; i !.V('.'.!‘.

firle
Hi ) lJ'*:”".r.!‘f’h"

",
‘e

” R
I m'mﬁ:mirn'mum.n e
A

| [
HEEAINTR A 1h!l!?iﬁyff.’mlﬂlulmI ‘l\"(‘ll‘ﬁ’l*‘i'I'IHNU!‘.‘«"""'«""J;,.A AdicTH J wumm.unm LAihT ]
dlll""l'#“%l”"ftw SRR HINTS filx (RIS AN LT : |
KRN R AT TV PR RV BTN A AINETIR KT SURITTI, SRR .t("ﬂl1mmi"ul’i‘h'l(lﬁflhl SR T!'ﬂ{ 1Y
ih .H 'ﬂ' III'M{J LN 1 \l' ti it QH‘!P.'UIJ.H"A‘I lllll‘l'l*'lll"ﬂ u"JIIH ‘H'IM! ﬂllgﬁ}@!‘nlﬂ‘ i I‘I\ I il (il 'hi‘;.‘ﬂ"l‘ nl')l' HIKRLTTHI
BRyIN (b T SRR

(15441 rdl, W
AR U RN

1D l‘“f{ ilpa'st, bl
lmm'l)l') :ﬂ!l ‘Jl\‘u\}\(h“h et
RO USRI
WM IRAN 1'\1”!"‘“"“' Rl L “Hr'll'l‘ll RUADIRIY ll |
O L) Witeiies. . IHU‘I M ih'“'“H] N

H\ﬂ MR
B ‘3{!

il M!"l b ﬂ’l‘\ WA
i A

it l! s

ol d"vlh.l‘,.. ’4”"':1’1!“:!”1 {IRK(R

AL RN RGBT I TRITHAR T | ‘l

AL )’la(’ﬂu.(hihﬂ R H (il : SRR B

i !u\“h-\‘lll” R TII B CRTH H Ul'(l‘)]..\lﬂ.i”".'l(lf ke SIHITEY {10l uh.’h!‘h «Il' iy *"'In“l-‘H.lh\N‘J{MI“ Y

Tt A E A K A W T R AR R N B K B RN AU A Un"]‘“"’%‘ PRV,
A'hﬂlﬂ‘;"ﬂllll‘\‘\M|\‘\‘Wl’x“l‘ll ISR ETTRIKRIRETE .'.mn"u.w h'l ik l!ll!l'l Hh’.’lxl u'n'm l’nl'm‘ WI'A"IV’nlvwl"”‘ m Sy

Yl b L ¢ J'H’n'i,'fl’” ’4l"”!ﬂ'lﬂ”fh h. ol IH AP HIHN] i l:

u\\“‘“ll“‘l'””l“\h”‘n\“ i I" <}

Bl
A ('Ul'u‘{(n
oAl *H .w.h:«

ol 8 f Jl 1 i "
hh}lN'M i \l‘i"“ 4y

i u i -"l‘i ‘n

R 'I"l” ({16}
i qm Il olh Al
AR U] ST

Bl s WY A’l» .
n‘l"rl‘”'!l”u alfion WH.“‘ "
J",\Wl) Lt o xHIIJ’I.‘W('IUH"’ X

} ‘

Me T g

AL Iy ‘h‘lH’III el iYL Y

llll [l"l‘l I LG I IN li'l’Hn’l'n UM IR A lh’u.uf(’
A gL I it Y

G BT ST S S
ULiCselils i /'ﬂ“llillf

AP
R e i) ’
ey X

c'xi"«'.(lhl'l‘.!di'

=
b | LAY IR
: R AR R o R (VA KTTKIAT ;H" RtV R WA 2
A |‘ n': 'l‘lvlhfll" {1 ﬂ"ll’ i S AT 0 T AR BRI N T DRI R IR TR AR T i'ul’n’hl'l!‘}l s .'{‘«Ui :
) '1 "l"'m TR AN CRlAE I = !W““n RN KRN L TR R A ')nl! SRR R R Sl IREEIRAR A L 3:
“l LI:I.|IMHIIHL‘}"I‘II'IIHI\MNII g Mhﬂlhllmml’ﬂ'mtlllllﬂ’lh‘{I|fill .m i'!!:m]ll fb‘n'hﬂ!(;{lllllIlg!l;lW'lllSllﬂl‘lI:ll\dlﬁlimslmhh wun.in.u Bl ’Iulll lb!lhl?"lh.lllllll .{Mvlllllslllgll411}:!:!'“6’ Hn\‘ll"l AL 11‘3‘ H“.IIM) Hl.'ilﬂill"'!l‘lﬁﬁ‘.hh!("l’l d]“ MLI IMI
A TR N T

i
AT
T




\’V-ﬁ"'b‘s'x S et R T L NI TR B M A RS IHIHEER ! e [ At ot {

oot BT NN ik~ DI I !Iﬂ!lﬂlllll TR T i l ot (R THIRIE i e
nnmuummmmmumnmwmhuumnmmmm ! I e RO B CHR . ; i i
rmmnmvumuumnnumumn| lt-ﬂllllllmlll'lllﬂt RO AT AT, TR0 | T i !
R TR R T ERRNEACRTE m!!!IlllhllMIUI‘JII!M“H‘III 5 i i
Hm:{g;{l}{ml‘ﬁlllll%mIlll}}m}lllllllllllllllIll_ll"ll!l'!lIIIIIlIIli)ill[ll]lllilllll\ll NN mllllllmlllml i i 4

'WW"‘I‘WWW’MM@NWLM«Mebh"d QMAB%KWM.«‘MW ! J ; o :

ek
HiRtE NI iB‘llﬂIl")H. i o
mﬂlfi *mmnm ;.‘mmmm !‘“‘ﬁ;ﬂﬂ‘(\ll - I i
N ‘- ﬁ eR) S eal
Al mr' .l' '.: «'m'amf Haliddex 3 @ 6
‘Hl R Al (sl : ; i,
R Fetieh) ! )H f.r.m;mnm hunh.m\‘\z,m.ummmwmmmd\lmum I AR I 4
lf i‘ m«mrma’mmnumtm-’mwm'amum' (AT el SRRt e CRar  eianii ! {3 i i ! MRS G

T 0 TS L R ! i T ; St
HRUBEIL (m'wm‘:mv.»«J,mmumuuanwm;'; N b S - - ~ Al PR LI
ul R TR L

URRIBATRITD AW S
S .J-‘l‘)l fn‘"ll'l-ﬂﬂ'.‘:a
IR e

al

RN DR

X i uﬂ HIBIRY ‘l-Ti‘li ol i
Sifulid) I ARUC UL | o ! S (Fgl
AR ALY RN, mmm ‘Jfﬁmlliﬂ"mmb:rﬁ\ KHAITE '[ﬁ" L)) ST IR f i ! i BEA™
Xk i B iR RIGHEN TG . i) H'N"MILIW' NG li"Uﬂl.‘IN.'-\'W it i
Lty RO R (AT (‘hln‘l\ﬂM\v\ um"nm vl"“k\\llﬂ'?‘(f'fﬂ"'ﬂl'b!M 5.9
IRl e S BTN R TN = TN ﬂl'}"llh’II’J‘IHI'J“M .l“'JuM. .vr.h'!!
l'-‘.l!llh}-d“m ‘i'lhf’ljiillll) AR (HUNNRR 1‘
Al

R AR
-:‘I.b"dﬁhj)l?tl\}ﬂi' BN
ey, IO T AEE

Vi
)

iie! { i

AL
AT AM'JI‘
e IU A f S Giho: i i) i
W(\m RSN DA (Al .‘1-‘.'!1»‘»‘"' M‘(’ﬂ A
3 Iy IUILI) l‘ ‘n hlhllmm AN oD USRI LA W q'ﬂl
RGO BRI VK IR "'m‘t RO SO SRR i T KO TR R TR i
' ﬂ’uﬂxlt “‘"l"ﬂﬂ V"mmli‘lhmll Wmm'”””m”h’HWHMJWJ it WmﬂmlF.H"I'Mamm'ﬂ.ﬂ‘mmﬂm ML sl
AR ISR 1 RNMTHTURTT e DT A R TR ORI O T N’ﬂm ﬂMH\"M['Hﬂ I
ﬂhmlﬂ ll!” lWﬂlllhll"l‘m“"'ﬂ:mfh"‘ Almlmlml"l'l'l"‘lmllm- lll'(lllll“lﬁ@lﬂ"'ﬂ‘lm yNw l -
PN .

(! RO
i il ] ummrmlmwmmr e
R i
o Adid EABRIRTIR Y P e -
EREG R s rmm""' DR T RS
B . '"mrm-'n'.m.“.ar.' ; o
; ‘l:ll.tl'ﬁlllmlmvl‘lltl‘b’ﬂnlhibhllsl’ml mmm't;,t' h I

PN A
iy ';"m T
o

) f
! J "" a4 (‘;‘:‘,‘b&i 1,

g

li'«‘l'l..'lHh‘"l‘('lllﬁl’l‘l jd
i

DI A
IR, "'J'dl"u“' l'l‘ LTI Ve
I ||lh il O'LIT‘.'J“:.)N|(Wl U TR ALK RO f!' (
AR -nfi ! fidex (00 00 GOy QLA ri"'.fl”’]-":a"!"l[“l"ﬂ a“t
NI AESINR AN IR m’ﬂl AR
“vl‘ll'ﬂ"fl‘”f Y

i ‘l‘ﬂl'lflﬂﬂ‘ﬂ))ll"{“ !

i l&‘[‘]l\n:Y( “ml"‘)‘ !

1 'Il"l Iy x‘h‘ i 1‘Ifn

; mm l‘l“c"l}' 'I! 41" b
' AT lll“
{ N I 'IJ.'lxlﬂ: g'I‘JI KEATA V‘ 51'41

([RVK| DI

rsl 1]‘|l‘1“|‘l “,'l"ldh\h\'ldll! ‘«hl Wﬂ o
llhl’Jf’l(’l nl'u'\\l BRI AT AN i
AT TR N T DT ,‘Jl'u, i
! m"u.mq WA T AL
;1 il IIH"‘I Y il ! l!-lI l MMA

\ ¥ A ‘,}.l
i \V? .f Q\‘ ."Ju\\‘ W
X "ul‘ll'd "'l l: 411 ““l
s
! Mkt nm i Sy 4
Bt R --"'4,1,'«5\ N 53;
¢| ’Wﬂ 'M‘UM"' RN R AU W B SR ik
l “ wa'h‘ff\“r' BRI l""i ﬂmlﬂ '("‘ll'l "ﬂ»l'ﬂh‘ﬂ!‘ \“».c KT
N \hﬂlll"l ’l [~ SayentrTr RS TTBORTH AT AT TR A TR
f33 M”Uﬂ lll'llulﬂ'“Mlm “\m,ﬂh' "'m .ﬂ“ﬁﬂ“l“lh.‘| mf(ﬂt‘ﬂlmd i’"ﬂll'dl' :fi’f" ﬂhl'ﬂ""’l“l ﬂl‘i‘ i
| 4 Wil

13}

¥ TR h“.ll Wi

i ﬁl!nlhﬂllll!"‘h‘.. “lhl'm\"ﬂJhN )
I \Tln Ry “.ﬂl‘lm 1l m L,
lI!S].llI IS Mll l'! )
gl llh’ | M HEDI

sp. 500



oK ER GO URRIIVER %Jx"hL\U&mﬂmh"'M‘HJ‘H.s(f\fﬁﬁ\!%}lf"(hﬂ't’ﬁuﬁﬁ AR A LT D ST ﬁll:ﬂﬂx.(m')n'lﬂm‘lhm M N T T s T I L N ST BT 2
-uuumwul.m..rmm.i' SRl T DI ELR LAt Iﬂ%m::.% ORGSR DRt SRS SRR b S G St 4]
Hﬂlﬂml MM mun»mr|mmwnmmmlmmmmu mm IJH!"I!IIIIHM) I T T S A ST TR G NN "“'(( wnm Ry TR A AR LTI s ¥ RRT TR AT
(U rinnmmu(mxummmm4nminnummmmmmmmlm.w;nxm|nmmmnu|mlmmmmunumummmmmmux'mum AT mmmummxmlmmmmsrmmr»mﬁ'm!m Kl 41 lh' RS T mnmzmm ﬂnmam.wmm
lmnuummmmmnnm|1m;mnunmmlmmmmmmuuwmmumwmmun|1||u[mmu|m||mmmf.nnnum.mmuwlmm L A ST 11 0 T BT R MR T I LT
A A TR R AR lb":‘ﬁﬂlhl} :nmmmmunmmmmmvh ﬂimil!lIFIIIINIHIIMHHHMB lm'mzlu!11|mlmll)(mmzmuuuuumlmm.mmmm.&mwzmmun
1ummnnnumnmlilmmn\ulmmumxmmmmn1lnnuummmmmmmu|mmunmmmnmlmtlmummm'm s Rt e R TR B AT I T NlIIIIIHIllHHIillll(l!l'l‘l.llllﬂlmllﬂlHIIIEIIllmilr!lmﬂlllllllllllltrmlmlll
; - T AT umnmﬁnm1mnmwn.m.mumnmmmwmtmvmumidumlmunmmuwm L RO R RREATI )
TN mmn|lmmumkummqmum wum | TR mumllump 'lmlm-mmllﬂlll'fll'l'jll‘!I'HIIII'N

I SN e -‘u u;m

RTINS GHILT: .
R ek
SRS g

(ERUI TR iUl umm‘ummxmn"lrus'm"

AT " mi‘.qmmmu'u -\'nm.mw (ki T A e AR Py f!? ‘Hv:‘.'(o. ;I:«F' ) .w_ ﬁ'&.w PR DI Lo Ty Y (R ARy
s«mmnsm.mnmvmumr‘ tml'ru{w'cmu'mumLulmmuumw:m.wm'u;'mnm'm'»w:mmmw'm Eld‘ fm! wrmnmun lﬂd AR, a.‘Ni}ﬂ el l“f.l'ﬁhl;i i‘h"i(‘ﬁ' \'X ..mvmsm AR AT TR S EIHE AU R )‘)Nd‘lFﬂ‘te“ i e
BRI HEH AR TRU TR U R RTREE ThmiRdaan ARttt Tt e LR G IRONR PRSP R IR T RT BRI ¢ ﬂMIl'LILllJMlﬂM'ﬂMA d‘ahllll"clt'dﬂﬂl.? AT IS
XD xu.mnn.tmwrmmummmmmunm"m\m il 1smnmmmmwmmmmnu"twmwummmmmmlmmnm mnwnmn NﬂﬂlllU‘MM mm;mwnumummwm Gt MR rm:mulnnz,muw‘ummrlmn'
lmmunmmm'wmmwm\mmn( T R A AV SO S AL !np.mmmunrmwn'mmmm *II}UJM{!BMB I O = N mmunmmummmmm m WIW%TW U
ST INLIg L w.wmm‘unnmw R R A ST .mwvmumm mmmmmm.w- {14 X it h'l‘(‘li‘)hi!ﬂﬁ‘lll‘)"m‘dﬂ m . .Kilmlm
Ll ‘(t.f‘!h\'&'h (R THRKC .1 ‘»m-mut'mpm.wulum.um.:\ ‘.II’PJ‘HW)'M‘UI‘LM" l‘-.lﬁﬁl.x ﬂi“hﬂﬂﬂ\}ﬂhﬁ:ﬂ‘.ﬂ (.‘.‘m} ':.mnfimm*x A !H F

i mt1zzh.mummmmum. n mlm
e nmmmmummmum}m?.mmmnmug(i

v

(TR RY ‘.l;!
KR RKTREE 2
l 1 I A AL RO IR LR S = TRt B
-(LWIHPWI’MT.‘mmuﬂl"!.'A‘H" DI, f-.\ﬂa’)[’(od@’ RIS} f i' RSO SIRdy R e
AR ..,nm.m _’_{ﬂl&\\li!‘ﬂﬂllﬂh LAl R AT mmw\\ DK A "Ilhﬂl"l?&f ‘d('“‘“l AN AN
glrsauaioInain EDVRR LY IR iR u'nmnuummuumwam,\'munum\(.'mm«h. AR T l""lﬂ'l{l"ﬂﬂl‘ﬂﬂmb "W“‘!‘S(ﬂ\"
JUR)EKA mnu'.uwmnwwufvm'ﬁmhmuu LT R IS L0 SR P TS0 Do Vs
'(‘c'ﬂm"&"( ORI AT R IO NS 'm’tlﬂl!w“'ll\.&\'llfdll.:'”bﬂf" ﬂf‘M&ﬂHﬂ-’i"&"ﬂM«\x\l-‘mﬂrmi SSRGS T A BN ST M‘meﬁuﬁﬂl TR e TN e T TR ‘G WIM
'mmmmrmmu1u.ummunw:l.mmkm At SRR XD RRRIT K RNUTATUDG ol X TR TR A nml.mumu TR L mswwww-nnwm ORI anuu.4nmssm.umum'nummtmmrmm*zs*um
u:lmummmumnummm.wnmztgcvr» «n.muummnmmummwﬂ.«i.wmmrmmuuumwnm Atl'fhﬂz.(l'}llduhT'Jﬂﬁ Il R R T DA R T~ T RWIHI.
vnmmmmnw«lm..wnw.mnuu,m)-fm'.w QIO LKA J. IM'IIHWHD 4mnm«n:m.,1vnl,ﬂmmvmmlm:nwcmmmqu.smummmmrmmt.u
“h\l’h ‘I“lﬂlﬂ»l“ﬂmml‘lllllﬂd i ’ WML Il “.\;“‘ eI " }Z 1”("'4
it RN

) ‘ K ‘3’ \‘i )

"0;('.‘»1‘?’M|VM’(:( G 1,L l '. il PRV ~. a0 SN i il ﬁh‘.‘l\"“ﬂl”hli’ih.l.'n..x' ll.tll.l({(i‘ll l!i h.' liitlfulit ‘LIIJmluh’"lpl.u!.«.d'hhlﬂmw
BN e R I N R X l\N’ B R R e ‘n;uu'mltmr..mm'mmm:u.mu:nnwm l'J AP R AR o IR A ‘Illlllﬂ .1IlﬂMf(H.\lﬂllllli“'h“’ll I
d'dMJ!Mlm[l"l!llb‘JAN\m.\'h|H‘.lnlm‘Hl\l'(hlmhnlm'Ml.ﬂl!ﬂm i) 4““”[”1“ 'I\"I‘h“ Ty l,, 'H;M‘m‘)3)“)1‘)‘!“'1% VRN IRBRIDAMVOUE T RGBT DRR A h«{( ; ' ', !
VAL RO A BRIt o Pt MIMN.L!)!I' JUIES S '."? \ 1o‘-!h'!'.lfﬂ!\”'\.'u('\(‘a“"‘ VAN R R ATV
AN 1“\‘1“‘"“““"‘!'1'1\ll’lm'“iuh“‘in“v‘ AHLHLITIY "Hllll‘llwl hllr ORI TR R W BRI dl‘Hhuﬂ’Ml“LhL“slih.
Ry Ty SRR TR NG TR T lllll"}'t’m Ry

!v‘. i
HA‘&W"H e . sl i
TRREH *‘S“lel!L‘lUl AR R fk‘ LA Lot A )
HUMN At AR LI ] t’f‘ﬂ'ﬂﬁﬂ;‘hh’l piK] 'HMJllE{’)A J’UH«II:JLJl'uvh!!Hl}'lll:M

\_\__
==

R B DT AT PR R S = AT RO <um)b‘ll !IN 6‘&»((3{4‘21‘1
4

e R .J‘.i‘l S AR

K G R A N R i) My LS umur'w ' NI (AR KT RSN WA T )BTRS
'mnmnm“nmul'munnmxruhu Stk ll\MMIMIfnlll!!‘lm!ﬂIHHlmlmﬂh‘hﬂllll AL PRI 'ml‘lﬂl‘ﬂﬂlbll’tfﬂl!ﬂI lerm BT H"ll'il"mﬂ' ll'l'lﬁll'fmﬂlﬂlu’ﬂ‘ P’ H‘."ﬂ.(!’ﬂl”’m‘:lﬂ‘! R OV XA X IR RERNRIN

i 'H
R o B (N R TTHt UR e DTN R Jll AR 'ﬂl‘l} PR T T A T R IR R TR T KRR T N“hlml it Q]illuulmll‘{|'1|‘”"lul|'u "l'hhi’lllﬂ‘]l)"n!"lNl’m’ PRIl
‘ l"‘“ SR mmlﬂ"“llmﬂ“mlm\\'“ m‘“llllm[ﬁmﬂ".‘ll“’ﬂi"lﬂmlhm"'|||l'lllll‘lm'dl.‘mfI"m"mlﬂl'mﬂlml!lll'dmm.l (e mll‘ﬂ“"“mlhmmhmﬂlmmm I-(ﬂmllfllllml 7 [l“mm'mlm‘l lﬂ’&”ﬂ"-l KA R DRI RN AT AT TR
ﬂ||l(‘lllm'm“mﬂ{ml"ml’mldlm"“umnuHlmm1-lﬂ‘:|mmﬂmm AR OO R e e R A R T AR RIR l?’{:l])lllﬂ"i!‘ﬁlImmll"h\mllwh“mhﬂs‘ﬂlmlh mdm‘milm"ﬂmmll
’J]"JWU" J”mmi /il T ARTRO IR Ihm‘!\lill’.ll “'mﬂ.' (AR TR "Hl"'t‘m'm"UWJ"/IHJI'MIHH L THITIT eI ﬂhlﬂlﬂ I mlllmmlmﬂl' KRNGEA DG RENR)

: 2 i ﬂﬂlllllhl'Mfl“mﬂ!ﬂm]m\hm“lﬂﬂ‘lmm T ﬁ‘"l|llNI“9m‘l'llflmﬁﬂmﬂl’m’l’&f’)' HetnT TR lmmlutlmmlml'mmmﬂ'ﬂmum' Tilll

A3 i J”H N HUIH(U"mmmi‘lmﬂ"U l"l ll|l“l{§.mmmm.ﬂ!m |ﬂ"“mmlflﬂm[l(mmlmmmtﬂh il 'ﬂﬂl ﬁﬁmu (PRI

! o lmlu u,h'-rz:m 1 i “:
DA A EIA 4tlu'h'll’:1.11]-1!31.-.(“.?-111'
mumumam.w' sl AN !lh‘)
.W)“ RO TRy

YRR KN AN KB ) l HR
' WRRRITTO m‘["llulnl?lﬂlﬂ "‘ lWlUM]MIllmﬂ“||Mm‘1
’-I"h"l"'i"lm\“l"”l'ﬂ"a‘uln BN "'UI'U DI
L AU i AU it
G UR e hMr{"IJW"JJI’JId"J
(RO R DRI
BRI hllmmlnL 1 it

‘m TR %)
Ul'ﬁ";(‘(!h‘,[illﬂ AR IRk AT
BIEPEK ls."uxmm'mvm;«m {18 lIm.ﬂﬁmmlltlllI:‘.‘hh

iy
i .J,"l'n"mnl,tmnu-w

PRI i P
AR TR AT
QKK TVOIIY m'lmmuu'mmm Jm'umim'm\m il
e Bl
ARSI A AR
I TP l.nﬂ'hnn.uwm s 1"! it _‘,;nn\||s,{*jmn‘"‘:

5 .‘.’foﬁ

j‘( ‘lﬂll’"l'(d'i‘ml’ \'fll'ﬂ.nf’ (u‘l'l! Aot
TG Fﬂﬂ(\!l"il':l dlllﬂl ll‘l i) ‘-.".lhﬂlll
At Al
Il!i%ﬂ!l?("\m' ISR

i
s&ij-;:"nn e

'\..\'.’V!.((
Rt l.‘lr
'I"l‘ ‘I.H‘l'dm'm’!.""li*mh hi U
Kkl .ij"‘

Rl R

Idalf’i’il'l'ﬂ!"«l m..ﬂim

UM, J) llu!’l’iﬂ!"ﬁ!ll
f ‘1 BAN

(KUERLER

Lttt {"m cl:

"’A‘l'll'.hnl— (et
SARRHID

:slhu'lll{.‘!R-UM‘M!'H’»’H Jih' ﬂ'n‘ll ( il
‘"l’m’ (AR ORI T DlsS
it ]'”""mlm.‘»mh.‘M) H""l" l)"ﬂ
m"“m“ I QTR iVal i
K ADT ALY R R KT ) f"l"xl”mlll'ﬂ (“"U"NM"‘M ‘l!'1’4“)"’/"]'{"fl"l""“m‘ lten 1? ! | el

R RTTAKER (TRAThIR O RReSA N TIARHTREA R NN DR RO TR BB R (DR ""!IJI!I.II[\]‘HI]M‘Im*lii { LA R WS

R AT R T AR T PR J! IHEMHEAL Nrﬂ:ll llh {HES it l"hl’(((dN'I'N'U‘lm“lm‘lﬂ H ...l'i‘l"ﬂhlllm {!iml" R A ATRTT AT CrpOR TV
R T A A A P AR AT ; \' m.(..l [IIRIE "m 1 i gy TR TR T TR L A I R T SR I
BRI TTPAD BYIPI TS JH’WI'M” Tt ik ¢ (4 "I'j'l'l'l‘l“"l’i“ LY |‘”"-ﬂ”l"l‘“I"l’m |'ml'l Mlmlml AR AT
WG R QIT\\\M‘I\N'\“"" '(\\ﬁ\‘l\ 1'“‘!\"\'\"‘\\“ ) 'lﬁ T TRSHARE AR BRG] ""l ’“'Iu AAETRIVETY "'H\"e““ N
K i ('"M"m'(’:l'"ﬂ”m‘)"“”‘(m”nl'llhn'”lt PR 'l ’1”' "‘ ”d" fr
b R M P R KA

il Pu“ 1".'0["1'““"1 M“"("'" i l!?i.”m u

LB ‘ Wi H \‘.ﬂ',’/ "l

LR\

‘lh..‘u g
: HIATAT,
T f‘mlil'“'!hl'{lll‘d.! g
fd(h'llh"l IS VS
R D R e TR

! M|
AR I!IKL‘\’I'I""I
mmmmx.v,mxmlm el Hl itk
ARSI )‘lh“'ilullm Mﬁi“l‘lll'n‘!l‘ |
HECBSIREHETE DI Iln‘amluuum.w.u.m1'imu.imm'x il
Mlill'ﬂ’llu.!l‘ﬂﬂl Il!mh l’olm U!fb‘l!lllﬂlm' ; g‘llhll!l!" I

il J At \ i) 2K
it 1 "Wif"!’“'l "l"‘(l‘ OVRCEARE]
il III’I k,‘lm'lnﬂ JI I""l Uﬂ’ AL I\'h ‘1 gl g

G UERCR LB g l.\w“ L A DT ]
IS SR AR S CE R, l“" n'n"u.w.'mmtnaz.»‘x'n'.'m h lIL‘lIt\H‘a)"l.ﬂl d‘
st MB T IR TUURE el ANV D OB TR R R TIT AIHT R TRARR {lien G i
lt’ﬂﬁll'ﬂhl(’l'h' mm.xmm (IR ltllt‘llmll.ll'll Lt MU\NUIWIHWII‘!‘I'N':’JH‘ Ilh‘l‘llﬂﬂ‘)hl\ B ITTIRAIIY !H (gt .} i)
Y Hl ‘J' I.ﬂ’ IR AT S PR T T h.ig'lll,'l}" AL M ""{ M‘( [i4ifisii [ ‘II‘HI I ey CHERRAUAEIRES RS TGH
L v, '“hl 'v'l“l!'-l'lhll“{1T.ol‘i|‘|‘l.'Nlmll“lhlmﬁt"'NM:‘H‘.(‘ﬂllll“lhlldllml?f}illﬂll'. ] (;llhi‘l‘).’i‘”ll'ﬁ"hH’.ails'l e ﬂl*!ﬂﬂl"}'!’4")‘t‘l”1llI“‘ R AT ERTAR
l‘ﬂ Kl!.i‘.lyl'dut'o'{ll Al ‘JNMU” ’.ll Jl.l BN (S BN HH\EI AR SRR llm'l'\\i WAl vl AT H\WEJJ ALY g AR \..\'.rn‘i'unmm.|

pei PP DR SRS R QIR TR ll"il!lm!ll «Il..al‘» lIlelH . ni'lh!'l‘l e BT K AT TR E AR MR TR
I"Il’; H il Ul' Hllliﬂﬂ'll."h (ld‘;!nlﬂ'ﬂ 1l !? 'l‘U‘H 4;!‘]’!! ]I!h‘ }:Iﬂh‘ ll'lllhlll'l AT X

PAR R

AR
‘ 1.6 ST R AT T ""35‘1lHnl|‘!'!lhmm"ll"ll"llii!ll il
.~'u.vmummmlm.mﬂhmm.' !oﬂl’“"\ R e R R RN R AR il AU ORI RN llll‘lllll il I'“Il“;‘sﬁlhbll'l“‘“
IU'ﬂl\ 'M"'lmm‘l'-ﬂ.!fdl" .Ll;llu‘nl'lll"'lm'hl L"lllllllllmzlrlﬁmn'{lllllllm“l'f'uli'ﬂll'h"}.hﬂ'm'.ﬂﬂm NWIHMH “u"ll'd !l‘Hl"ﬂﬂ!l L\\lm (!h]llllm N i"lﬂxlil 2ol 1;(’IH‘{II..~HAHMI|IU H.l I'

i!“:!l'ui"dhl L’MHI' 'I‘MRMIMIHH!H

il |l||l'l‘lm'llmlll'm“dhllll!lﬂll AR R
3 llll (HI H'Ull'l n,m .nmm biu‘ll.'bi‘:l'ji‘lml‘](‘JI‘

sp. 800 sp. 1000



AN S AL TR Y T e n"'uuwwnmwmmm’rmw'u e U E VTR T L R R R T T L TR F ek R T W0 T e EIA R R 2k tﬂ(d G i AR TR R T RTTC  RRE e SK AR AT
LA R ool STt EDRET S T S S A 1AM .d&':M‘ﬁM «hll‘\ﬂf'.?!'ﬂ'lﬂsmw..‘hll vm'.mmdmm"mwmvumu RN oL el R A AR RS st
ﬂ"y!l'hﬁ'x‘i"’lllﬂ#ﬁimﬂl‘i.‘.‘ti!.tﬂ' ﬂ.ﬂ“ﬂs‘zmﬂ.ﬁd\ﬁk wrmm '£ TR RS o'l“!ﬁ.lik QIR I’J‘Ih‘l"llﬂﬂﬁlﬂlhﬂﬁ llﬂ lrmmunumu'mmmm nmmmummmnnnumuu NI TR ]
'im41mmnmmmmzmxmmmnr,r.mwmmmnmmmnmmmtmwm AL ;mnmmmu.mw!mum( !l BRI mmsmmnﬂwmumnu MRS mmun T EEOE e T T AT mumunmmmum AR ETA
EHHIIAN LRI JWKHIYHI‘H mnmnmmnnn.u.m.mrummwfmm (RO =TT e (T ! HIMHJIIL lﬂl!llllll' R L T - e Al
mﬂlﬂIHHHHIM!lf(llllt'mll&lmﬂ‘lmﬂllllllﬂllllﬂm R T - T o R T TR T T mmumummr M mmummmummlnmmmmwlmumuuul
A MG TR IlllmIll!ﬂEHIlﬂH)H'lllll}llllHlllIll!ﬂ)lltillllllllllllhllﬂllllllnl!ll(’llhhllll [ R R RO AR nm.mmmmm ORI il ‘ )
Aummm\\mummnum'mwm.nmmumun AR nmnnumummlmm.mnnmm QIR Lil'lINHWIIIHmHl‘ll‘lIlIllill|llmﬂlll!mi‘ll\mllll‘llllﬂlI')m"£ TR im
hi
g
K R/

B AT e T e AR nnnu‘ﬁ.m}fm

R TR A n.;m,mm it umfmmnmwuwnmm mziuuimwmmmwmmnmi«mmmw.mn
IR runmm;mlmu.nmnhmuurm'mxmmw i St e
m«imﬂwnm'« umnusmzmumu1pmlm.mmmMm.mmu it 'l'l”"(\b%‘:lnu Nl

- AR LTGRIIALD 4 : nﬂ I DRI R e Fa

ol R K ( AR RE AL X-‘H!""‘!f. ATy l ity ﬂ‘ﬁ\‘i' AN e bt!h h s\ RIS l IR I BRRHI T R BRI ’l!ﬂl(l!!hmﬂ.f wvm;.muummmumummmumml;ﬂumn‘n
iy 1‘1" ‘vmmu-w-e«:m Hﬂl!ll R ﬂm"'ll"{lfm‘thi'ﬂ(!Hl‘il I SO G TR 0 LN R Mh.{mﬂ(’ﬂﬁ'mlﬂ'\ﬂu& H AR R B R ':!I‘I"!HﬂlJM'Ihﬁithm: m'mummmim
BN [T AT wum(mmw'ulrmm--m'iummtmmmmwuﬂumnm um'm.m:.41ﬂ.mummsmmnmumnmmmuumm u:!,mmm'.n.m.m T R mammmmmmm nnmwnm uummmmm MRIKAUING
Al mmnmnnnmwwmw g R R R AT R R AT illﬁ'l.}‘hﬁlllhllll N l RITAT] IHEML PRI ST ?I(d( ORI TUDIRC OO (- 7 liﬂ m'.nmmmm,l
TR R T AT immmm IR JHW’:JMH'RH(’?M.I""‘M(M (IH{OES MINH AR T e ST AU A &*I'ME\I’WMH4[12‘(131.‘\[’5%1}[11);‘1)1]1&‘) b‘nmm IR AL

((k.‘ﬂ'-ﬂh."lh‘ U Ry U N T R T SER,
ufllals MR‘(\W‘JJ"ﬂﬂﬁll’mﬂl‘.&mfﬂ;\lf"“ﬂ!?ﬂlv'ifa g
wmm..m. mmu AU THERDNTET T e el Spe (e
if l R RNt Dl U .“.nv..m‘“nw (il ,'lll
.r.'m'ww RIVBRGK) JZ‘ ll I
MR AL L
Al (ﬂ!ﬂiﬂ'tl“fﬂl’ﬂ”&‘ﬂ_mlt d;
DT R TP R '("

AR GO SRR S B .um‘mn'ufxm T e

AT T A AN NS N A e e G D A

w.mm«'l'nur'v:xﬂrmmnxm-.u ERLCETTE J, ! 1850, N RUL I At Ot O I DI AR D B CTTE O RO RICREHG

R NS T T G OIS W

A RREVIRRTD AR ,u),m'd"mx',w. AL ot IR KAl

TS i) DAL m.'a.?mm i
il

i i : { '

QREROARITST "uwmu.t.'..ﬂmwzus Rl TR R ¥ BT il QIR ey { 4
LA, ) VB TR ST o it} O PR U U R A l\&.(l{lll]'l.ll'l\il"\ﬁ’ll‘ 2\ Inf‘(#il‘li‘lm.' BITRCIREO RO KX H
AL l! u'un R R R K R DU et X mx ‘all, L umw"mw e YT R e P YR R mnm\.umr'm n'ﬂll'l‘lllll‘l‘\“lwl Uty d‘lll!.l}l((mlﬂb“ mmmmmm
JMA!M'I‘M I'II‘JJ‘MDJ"ALH' 'lHliJll-ld) AT R R "l!(‘m“l’i!}‘l‘l.'l!‘l!?‘lﬁ'll(tlll!;!P.Bllmllm‘l‘-ﬂHHIMH .n..wmsncmmmrmmwmnmmimm. e LT SO R U
IS WYHLMIMW RN s‘.4\&va'.u.mmmmlmwiwwmmumnw.muu.lmmwma,xu.mmmtwmtmimm1rmummmmmmmumu \s.(u\uxm A!HaﬂlﬂtllnllL'Ki!mlnmlmlHm’l‘,lIWPFJ"M’IUWII'MIHL ummmatmb

'Hnmpummrm.dmmnnumuuwmmﬂmum'ﬂmumwm'uhuu ST lﬂ(!lﬂlﬂl'l!llWMJJ"iﬂm’hul'l1!lilﬂ!llmlﬂl'llllﬁlll’i‘ﬁﬁﬂlll!l!r (TR IR Ty [RRITR G R e T [ R AR R L KA A T T
IR T AT 'mmun.m;muwmp !Hllllll(ﬂl*ﬂllb‘.'lWihl!mliﬂl Al M AT e T TR ﬂw'ﬂwwmuwrmmmml .NIDIJLLEHH cmultw'nm.muummmummnrn‘m'%muml'lmm l"'l
Illﬂll‘lﬂ'l!ﬂ‘lﬂﬂmﬂ’).llli i J: IIIHIWII! AT O R RN lmxuum fl\lllM\\h‘“ﬂ‘“lim‘“'ll‘H"ﬁ'sl“l‘l“tﬁi‘hﬁ‘ PR IIE W A TR HTHTR B AN TR DA o SRR TR
E {' Sk 2] )‘}lJlllJWuth NN el hleM‘/M/&ﬁdl‘d ANTADIL WA R R N e .gufmnmm'mmw.awm'«. AL I )
UL *S'x‘ A e AL R A KR (R BT R e At R BN (R AR T T ns“'m1mi.‘m‘wum‘a«mﬂmu- LD AT f-m\\m..uﬁ«ummmv-l\mwu\u\\m*"hrwwnmw
Illnl({:mwlu‘hxlllh'ﬁlhl ‘l “H.AI.M?IM)I]Nl.ll!d:'IIIIHHM‘IIM}I L G H I s o u'u.mum KU A H&(\I‘(t((!lll"‘ \ g tuﬂffl'ﬁ't il APt L S R LSk ol
l J i TR RO TR |
|

’Hl il

i‘.ll!ﬂl!ll’l“))ldi'l ..UI wmlm mlwmnnn.lmua.mnmmmuumtmmmwnw l‘l’m'lm'll l!ll("lmlld{ﬁuhrﬂ AU T i (ORI R TR AT Rt P RN T ()
O SO X R RS Py ) R B L R X TR “AlNl AL AT TPl A S B V(S II’W"(l”A("..Jf'.h"'Milll
h AT W !u.. v‘ \,’.l.\'\i»‘M K A TR '\.‘J"ﬂl AT AVl \"\W‘"‘l“\‘“"\“\rz MR U AT ‘ﬂm“l(Wlli\lﬂ'ﬂ"f'v*(h‘\'lﬂ\ ]
(IR TDRR AR T S RS s AT LV R A m'ﬂm"nl' Ittt oA el AR TGS S Il i.l
A PSR uunu':.mm'm d.mr.mmnunmmm!)Mm.qzmn KD BRIV ST AR l"n\l]‘[L“Y"Il‘IU‘)'I Rt e O R R e T s e R SR TR R TI X mun‘imrmnumummmlmuwm TS
A R T e Iﬂ B
‘H‘iﬂilI!ll‘l‘l“"l-ﬂ“hl)I‘W [y ll'J’Ji')lhm‘)m‘lll"lllll’l)'.‘Ill'I‘J‘m‘ll'IIII!‘IWI"’IUI'MI' T RN R R R N Mll AL AL S O BN "1f'l(lllMPHl(mtAﬂlli'dﬂﬂulﬂltllm ST
s TRy R DR TR R R T KO8 S R A R R e AT lmwmmmnu R AT wmnunm H i (R ) «l#ulﬂ"ﬂllﬂ]‘imﬂ IIEEA]
i |.w.m.mlnmnrmms‘mlmmuumuum'n rxmmlfuuwmm ARG mm'mmwumwummnul'mn illi IR [ﬂhll’lﬂlﬂlll|l‘1lllllh mmmmmamnm 10 it “JU[’JU)(MHN’MI(
(AR A LS SRR TR A OB T e lIllll‘llﬂ!NHUlil|l)lll!tlll('ll'lllmﬂll xUIH HII LIRS !
mmu\mmmnnmuullmm.mmmmm"mlmiiummummmmumm.nmumummm Flllllﬂ!!ﬂl! MIFMJMI nmmum .n.mfmmnm.m\v,nnmumn i 3
.lm I‘NIIHU MR A LRI i '« :

, Gt wr

A A G BT
il u}!m‘u':ﬁ\""vrmw R e
Al I G
Bl ALt o i T
\“ldl"u"l'h"' 'll‘l'&l'l‘ﬂ'ﬂh\ G on dl‘ F! it
i ummmrw'ann R W e
Sy : A SR
R i AT wnmm-u...nmrwnmwuumn AN NIRRT
amCMEILA AR L Al LA wmuu-.lummmw;mrwmuanm T G
A0 S A O G LRI
IS SR ARSI DGR e i LU EAIL eI o T
R ,umnummuumu"m»lmm R R P TS mw.avn’mxmnzmmwmmm.uu MO QPR L
_91«4)“’ AL R NS il L lm{luw«'uvrw"Jm"w..nmm.lmnac,(lurwn
R R AR Sl ul.‘nnu;!'uw.l's'l'umww'r,m'lt U AT AN AN T
A :i"l'l! .i‘h‘ NN, l“’lll‘.l"ll Hll‘ U SRR A R TR ISR o A IR ER DT RSN E ‘)" f-\"ln'.' \"\H IR l X JM Lﬂ;’i’".’bﬂ.!ﬁf'h ik
A A AT e NPT 50 S BT o i AL

AR A AL A Sl )
A O T D RS i
i T R TS G il PRI

iR AL AR txrmlimnm‘,m.m-|m A m\n um mmnn‘nm.mum'm TN
4 ulauui"', TR R ML L il n iy A T
R NI
G .(lM' [ .,HMII;A i

o R A LR
I |I'1l(ll’(.ﬂl|“. Wllllh‘ ||I
i wumuuumm I ‘HIH

i R HA XK Tl
wunmum\mrmmm u\n\m' mmumum M.mm.mmmmz i 'm' ke mnum:n

i 1'0')
lhl}"’l‘hd‘l K} ﬂlli’!lll'ﬂ‘l"aﬂ Al.'l'numlml.‘w;."ﬂl.m:mﬂ:duln's l'lﬂl,“'tﬂl?lﬂﬂi‘»ﬂ 0 1""‘;"1'!"" AT,

gl
“-l"\'tl( AT AT OO fi
Tl’ii 7| 4‘Wﬁll‘lllllﬂ"('J‘ﬂl'-i'dMﬂR e "Fl il
(/‘ I'[Nh }}.H;I Yd.ﬂﬂ{l“
ll 3

w." vl .ww ) «
.\mms\w-m-mul" 4
“"l;!’ﬂ."ll'lg MIl 1)

)
nnmul.m..‘w 24144
XIRR TS A
it m!.r |'N"’ \ Ik l.(jl.'!{n'll'ill IR A
NG TR AR iR m RS P T
G S S W“ i ﬂ\ ﬂ.‘;ﬁﬂh\l‘\'lu\h\n\ﬂﬂh.il»lU'mUln'lﬂ"
ALt e R R R T R R AR O O TS R TR T RN
I’tlﬂl Nm‘l"m ﬂ“ hln’lllrlﬂl‘ll’fllllim’lml'limldl“lll’ﬂ"ﬂ’ﬂfll”l‘Jul’:ﬂldlllm"dlmhfhl[h.ﬂ OARITAR
) " . |Iu-(. AR 4\ ARIRS : nl'l“’llm’ll“h (‘ 1)
'1 LN "” R Hl

R AL
i .l 1, \' .'ﬂ’ﬁ'l“h‘ H HNIMU.IHIIIIA Mlhl)lll "lll'i-ll,
I' A A TAASI0. s ANA R 03 &-Ti.\'
Al H‘.\\‘n\l\‘.\u\h’lh‘tﬂﬂl‘lh l m Ay Hh‘( RUILE dﬂ‘ll'i"'.'

AT iy
i !IIWNH‘J'JIII‘I mum'" '1- '((_.~. ! K
T tvﬂ!l.'h‘-'l\'l“‘.‘l'l\ CEIL T
AU SN i L i Udll‘l'jw’n"llrﬂh‘llimm‘
QRIRI R R Rl it i m.mnmmmmwurm !
u».u*mmmumm'1'1 AT \1w..um'lnm'mmmm.\»:suhmmmwn.u AR
2l wnnu“ N AR L TR BT R AT Al
. 1 1‘|“"ll A W1 alathalhb Aty .u l‘l"lnl‘ll!lh AL
I AT S T 80, e O T AL 81X mmmmrm.m.lnrmm (YT
N T A AT D 5 LA S 00 0 0 A R S0 AN e s At SNy A Ve
MR TR 1.m.wnmnuu ummmwmmm'i RIS i mmmv‘i BRI AT T DR BT H'H!H u .lunmm'!munwmm nmru.mnmur'u LATCV R (I mumu 1 ! ll'lhlmlh.ﬂ NI"uI'. 'slH!
A KT AR q-mmm T TR N e R AR RN KA n .hw [ TR D50 i
’.-lmm"d.w.uwnumw'u.'l.lwmnm. R B e B R o e A R Rt T A R i
g R L R R D e S R R T R AR (R R AT DR :ll‘ll'l('ll\'dlhlu‘mll’m- lli:’llml'num'muu'ih‘).'lrmnl
AN T SR DA s gl R T T AT A T AR L
S et O SRR m.nmlmunmn.»t.t lm.u nmnmmmn TN I s VR
ﬂl AU o AL ww.n i A u RN IO R SRR nn If TR mnm\ AU AL
A e uummu 91. TR 'mellll mmm',mn'w‘.s'ms-w'*'mw

g L S L e GBI e U R R T RGO Y LRIRTIR] ll
H'lll : "M‘«"‘A‘ll'!' .mulm-mlmy.mwm.vn1hr., d’lllh..ﬂ\ﬂh uﬂmm Al .mm.n.«mwmnm«mmur.ai:mumummun.mmmmmml.lw 'l..um‘u* mumwau.uumumt m!l'lh! muﬁmuamimmm(usm s.n':murmnuumn.m
; Ll 5 " w.& i v B

bl
HJ‘H? u\'!‘m'dl'
LML, H!l

A CA T Ay |
B GG A
AN A il uu.c.n'u.n_r.n i
Sl
ARt A THIT RN
T
AL
i

llcol\! "Il‘) 3 m ) NI
PRV 1’IIII!"‘(3'JIJISIJVII m"

4~‘l 'IWM il

sp. 1270



Iwﬂ"’?lx‘..l!ﬂJH'!"HPB\'HIIIRI:UMIN el e T R P TR PSR Y I-M'?H!ﬂi"('ﬂn'v ol fe 'i(l'l’u‘}11“.Uill(q'|{d(£‘ ((l‘LMu‘N BRI L
ruﬂmuuumxmmnwm ElﬂIllll{lmlR[[[flNWI"‘(!l'h(nuIillhﬂ.fl.h!lhﬂ\')mv.“ SIMTITHEAAORRT “&u&i.l’élln. UG TR AL R LRGN !{{nﬂﬁ'\%ﬂ‘-hhl‘l ENTEILE T

IR mrmuulmmm lumm LT lﬂl] uumummm! GBI AL vmmmmmmh.ﬂw'm mzsmulmmmw'unmmwnzwmm LG ] M
runmmtummmnmmmnmmmlumm [P H R IIH [RITIHIHL unnumnnnﬁumumlmmmm ) IHMU IR nummmumwmmmmumm A SBSHN
!IlHIIIIIIlllllllllﬂﬂﬂllll!lllﬂlﬁlﬂl{"lllIIIIIIIIIIIIIII I RO LTV AR ummmrmlunumnmmmmuummmw S T TR IR D am'nmzmmml

umn H’Ill{lllllii\! lllﬂlllﬂ ﬂIl[lll!ﬂllﬁllll!llKIMN{IHUIIHUIHIUIIIMIlllllllllllllLIlllllllﬂllm I llll il I GHETH mﬂﬂﬂﬂﬂlﬂllilfﬂlﬂlﬂlliillllllllil[lHIIIIlIlIllmlllllllllmlllﬂlmllllll[llﬂmﬂ UGBTI A
L uuummmimmumuiumnmnu:umummumunmmm\mn mmmnmmmmmmlmmummmuuumnuhnmmmmuluwl|uul|uul'lmmmmmmmmmmnmxm

e "'"ﬂ""""l!l'{&ﬂl"'l“ i "mmnummlmmnmumnmmml I!Iﬂﬂq@l!tﬂ'iﬂ“"“

’!I’ l':iﬂ‘lll‘l)
A

A

'mnmrmmmxsummmmmzmmm (I TRHATA
il lN‘iﬁl}l UL wp-mm'm IR
nn

G i l“"" H“h 1 ? M s *
.Nmlmllmﬁm‘i'f.(‘i."‘]u ﬂ\“ﬂ\ml‘mnl'mmmlllﬂmﬁi SR, H 5 J‘H it LTS e AR Y Al ) ‘x‘ﬂ’ﬁh‘
R TR R TR D H T m’d(ﬁmﬂf‘ivmtul"llMlHl(u]llﬂmI(("Hhﬂ’“lf‘,ll'll‘llld"ﬂ AR TR |"'m‘d'ifll AT '1711
f!m“"lhmhﬂlm‘ ﬂ!m'm'ml\‘mm’umﬂm&mﬂlu HMN m!g!m“hlmmmmHUJIBU"N"MHMMMIﬂlﬂlﬂ!mlh 1 mﬁmﬁuxlﬁmU‘L‘lJWH\‘mmmmmﬂ.&!m lbmlmmmﬂmf ‘“ﬂmﬂmmwmmllﬂ‘l»&l.miﬁlm’lm-u
AT ARG R e kI HU»IWW RN mﬂﬂmmﬂﬂwmmlmdlmﬂ“«! D ST AT A MM N e O ISR xﬂ!
UI“MH]'MH DT R TV TRC - S A St B PR ORI TG LI -ummumlmmmus\mm'mimmwzr«m UG mmmnnmwm.ww
QAR K AT RPN ,(’!H‘"’WWJC'M‘HN&U"IW‘W l‘lmW}ﬂwm’]ll. MWIM’\'}EH" il Rﬁ' i 'R?L‘lﬂ“'p}m[i!Wﬂm’lmmml"imw JLITG] Gt )
ﬂﬂ..hklumlh(ﬂﬂﬁ’dlllﬁlPl'l}lﬂ. 4[Nyl r'"'m'mn.'mmmm 3 LSO TR K 10X PR REV D g."ﬂl'uf ‘, mmmm'mw..ewmnuﬂM‘A"!m M-‘){"‘NS‘.H‘:WIIWI%W 50

O RIAXIVRLZI ) mm)wmw'r'tmmu'*zwm WAL LUV ATRC ) ﬁ.mn ARG '21‘.1,: vl (A mamm PR VR TN e X TR TICINOT FPB 08
(;‘}H?”W}“"‘ AT RISV il R AN STV BT KRNI !"‘M“’.}ﬁ{.d! vh megsiﬁ ‘;M'l?\ﬁ’l‘iﬁllu
Heite!

e
Al li" kel I'JN"J‘ IL’W "‘H!’IIU” I’t"d"l 7 ﬂULUd'IH.I!M'h’ il

e

o f
ltblt"\h. PRIl Hll e Y AR S AT B ] il [

vt QL VA IV BT o'!Jl:‘NH\‘iﬂM: LR R
AL A AR R D R T A A\ TN TR R IR 1E8 R i A i3 AT "lMllMtLuh AL AR Tt sl HH NNU'M‘
L A R R T T S R R PRRA % QRS PRI TR oM TR STHATTIITARR T T imm\w.'n'm‘
dx!IlrﬂlﬂﬂIdml}!IIHIIFHMNU"MTIHWIl'ﬂlllll' 'ummmmlm Jine mmu ﬁ!xllll‘\’ !'doi"!ldil‘.h‘hﬂ Mtﬁ' d\‘t“ﬂ' 1 ,1 )‘a'ﬂi'll’m WA WA i B RS AR V1 60

IR ALTURURIR OB AT BRI A TATITA SRk uw I s Dl TG ANTT ST SRS BT
|Jl!.ll.l|1b'll'ﬂdll R RN mmumn»m muvmu.mummm.. NI dh bl JM’WHHIHH'MPWm}l).. X xll’il‘ﬂk‘kl(‘lllﬂ\ﬂlﬂ'ﬂ‘(l‘d(l AT R L

by 1'lllf‘luﬂi'd'lll\l‘l]l%lliﬂlﬁ‘ll'h“l (‘ Riltht m.'vmmwnnmu IR THITA RN | IR R A P8 (2 v BT~ TRy e AR A e [

A S AN VAR ATE SR P LN B PP il 4 1900 ) blmwwu.u:muumml'um':mummmm,mm'cuumnm
RS \)f-\\h\“““\‘“‘lm ‘“‘«TVJWKN\W( ﬂT!‘.'.“.\mﬂ“lnﬂﬂﬂﬂﬂa‘l[‘l“\ﬁs\‘a‘!ileit‘ A LAEIEIS m\.wlm S AT LA LI
il ATttt et L ot i EA o DA Pl i et i : [ah u‘,Hhi‘l"Jh ﬂli!i‘hl‘lﬂllh“m{nﬁllll‘1" ;
AT lﬂ‘l.vihllll‘lf\f‘l!ﬂ\!\\1‘("“‘[:.‘1-‘\"1’1.1&)!1'1’!1!ﬂf' SR LA Al Ht DRI il(ﬁ!l‘m "fl'eh‘ il LR 1] B
shll(xl.»‘ IR R AR TR AT T Ay BT TRRR KRR A AR AL IVROR ol T AT J URAALEHTRRIC il »M’a\i"" IR ; ! IL LIS II lﬂ s
b O A O IO RTATAIR M"‘mlm1’3{?‘1%6"!M STITEATHIIHI S ) N ! lﬂ“NuhlhfulIMI.IIM ’?I'll'l'th\li':"ﬂ' NN Iwmﬁllh‘l[Illll\l.M\!H1T|
uJIMIbM fl('mmM'!lll‘(lfhliﬁlfll’hlmﬂﬁﬂ Jl I “Ni‘ '*d«.('l“‘lh SN .m M SRR Kl RN \‘w‘dl ﬂ* ANt AL, A TR R LA 70
AR ORI AR C ARG AR R D RiCRRA (1T AR AR TS AR T T R AR AR SRR "'ﬂ!m"Mlrl.'Fl.lil\l‘ll!Ill‘l«1 '
(R TN (hUlllllh.mHENIl“ll’lﬂm’lhil(ﬂlHI!llmm"’ﬂlk'l‘lmﬂlllthlﬂlm!fl'mm ll'IZHHH N il Hlll'illlﬂo.ﬂ}fl'ltl‘l‘! ’IH KRR KT R T Aok Tt B KT I RO THE T B
lhllh!lll)h‘ll';i‘lllll A muu;m(muvmmwmnnm T G Rt e O D

.\ i 4 ).'1.’!'
IR TN h‘ kAl Inl!(ﬁl&‘ll‘nl n\:l\H\Wl‘i‘«‘l‘lil‘ln\'N'\"Jl'l“llﬂqni e
IRRalR '(')l’lful HE TR At SR PRI s A SR

I ﬂlilllll‘lm T A ST R L A TR LA SR SRR :mnmmmnummmulm IR RE
Tl I] fiifif umumlmmummnmmmmmmux .IUNIW AT llllNlﬂi!k!llIll’l!liﬂ[lmi NIRRT - ! Hlﬂ Mt nmmnmm
!’!v i3 AL I ‘ I H AT ORI uummr.uuunmmmm IR

3 ‘lﬂl‘llli IP m (ifiit

Xy
2. lll')us’ ' '
.“.ﬂ.'mn‘. TR TRO e P R
}lliﬂ]ll}ﬂlmll N I‘mﬂ "l"lm‘lhNlmllMll‘M i
i d GHATLS NS /0’ AT AN
ARSI TR T lﬂllﬁ‘lllﬂ‘ﬂ"?ﬂi e e (R KRR RN i L TR R Ao
T TR !‘Jil'c’v‘\"l =S et l"M’\llﬂl‘(ﬂU"
SIS TAAI multl!.mmu ﬁ'l‘)u"'ill'l’ﬂ 'ﬂll‘li' N (‘ﬂlhl'll)"m;‘llh‘mh‘mlﬂ YIS l'l..
(iR B R TN TR LR et AR e T RN TP TR lmlh\[‘ st lﬂf' fl” ﬂ( Al “ﬂﬂ ll Hl’) il
l.ﬂﬂ Hl!ml"l‘md“”‘ﬂm l!l.1§"lmﬂ‘ﬂ')ﬂmﬂl”lﬂﬂ'h“ pH RO TR PTACET IRRIR S mmomlh'hUllnlh R e
G TGS M’\\l‘\‘dfl!lnm ‘l':‘-ﬂdmiIm.l[i’l-ﬂllﬂc"ﬂtl‘ﬂl’UllWﬁ"‘ll‘hﬂﬂb!M"In!“UHN m‘m)(.|\1l)ﬂii'e?lﬂdllﬂMlﬂlﬂll" Ml ti' ViR Vi
‘U«U"llh” ﬂ!.i'llﬂulfl(-llm{ gy T AR I TR R U ﬂ'lﬂll"nlﬂd“l‘lﬂu SR !H‘m At el kR(ENUUEL fi“fl“l' .‘
IO ERTEAT h\ﬂhll(lmmﬂ\il“ B |dx’l.‘“ﬂ’l!ﬁﬂ|‘)’IUHIMH}WT (LTINS A JI l"“ﬂlﬂ )
Al AN ARG TICRA s 8 LB T 4 "Wﬂ‘minl’l'ltl"{ il
ST AT H:‘:n'.«il‘lﬁ‘l"[(”z'bt‘h‘ Il ls] gl Rt AT (CRTERIR
feoen g TXUTHA R TTRE P e X TR B IK A B O REALATR T IR R LU R
\'”"I.I“ i, ﬂl(uillh’[n LRI TR SR Rl TRV L BRI luﬂlmm“”'" ANt PI B (K TH MR K]
ORI VR (YR H"m"m; RIS TR Pl R L R TTTER R T ) T e
U RE RV H'- n\.l. 1‘\‘»‘\1“”[1‘»&1mll’fmdm UL D8 OO T L,
LT L F BT Ry RRARA VI PRSALSTR RSN TO TR TTU Kt T KRS
DR NN "mhh"lf R e R e B R R TR R e
et TETHI R o T W TR AT AL (RO Y T AT
EILREN® QORI lh'lm|‘i1ﬂ"'ll|?(llu‘ SHIERIHLLHCTRSURSUATANRON O TN -
A BTk TR T PR T RO TR ITRMIN I SRR
AL A AW Ihhl' ‘.]\ﬂ‘"i‘xﬂl‘lf(llllm‘lllmﬂl RATTRAUTTRUROIGAE T PRI
(RGN UK BRI R TTUETTITUTR R g B X 'J"l'l'i‘n(h"ﬂ""'Wllm’) f!ll'ﬂllll!l'l'l"‘d (NI IRR "‘(ii“‘h‘hll”l'i
IS R R YV P e § KRR R Y2 ATV IR ‘?ﬂ’“dfw” 1»11 l
(TSI T AL N S A4 Umr""iml' Mym.lml'ﬂ"m”l!ll Jal Ll
eI |'"N“lh‘"m|m LTI T TR 3R (1 R R RO CH T s T
il 1|l"l|u‘ l'ﬂ'tl" BTN 1 A'Wll'ﬁ‘J"‘lllu”h m.‘%]' ;’YI{ R AR U RETIAR!
W

(bn
HGLHI)
uuumnwznﬁuw il

bl Wl I - lh
] M. i f).i’MleﬂMlb‘..'ai X

AL, Witi']!‘ n.mrmnmnlnm mmmmm l!igl}l

ket
Mmmﬁuwnmmmﬁ%

ik '\J
‘ﬂldhﬂlh\\ mm.. R mmmzm.. ..tu
l .umuwfmmm.,.mum.mw RS

il j,'r,l MRG0 SR

Hl IllMtlﬂ‘)"M( lM'-Il‘(III n.mmm ’!1 ¥

[ l B OO TR TR
TR R BT IEDJMA"'MH"'M‘( R
! WAL

) \f‘ll l.“lfll'lfﬂ'cl“"‘M“!
il '?lhﬂt}i IR IR

1 -

frdteHs (i H
i'llb‘llili'ii'"m {1 EI'(I'JLII’“‘IH
W \ll‘l! NEEIEOIGRINED BT
Sl Y
AN P T
1 HL TR DR PO DR ATI R AT Y
/| SRR Rt UV I 'IM'M,‘
L
Tt{bitd SSIHINEE Y
U R R

TR ;l .L" b G NSRRI L |
IWHI Ll it il NIl «I'tllhflill‘l lI'hHsHH:’I 1l i W
tll'J'xH'*ll\ilm‘ PN TR LI C AT O ".m'uﬁ.uu'qurm‘n.h:.‘tm‘mu i i

I hIlNI'Jll AL 4l i'lll'HUﬂllTlWll T 1l 'll!'l ‘ h‘l'mdy'élh (R R R TAHTRN TR RI IS HIHRIL, “Wlh ARt ATER
H‘lll!!lllml'!lllﬂ!Ih‘ll-II'WM‘UM \uul,m.mu I RRSTRTRITARTTHTTTR RTINS TR B M!llmmﬂ'lji‘m||l'.1‘f||ll"dﬂ;ﬁ'l(M(‘Ullilﬂ S IA RS nu‘.mu-.w, 110
ll'l .1imnu.'mu.mmm-umum R AR R R AT O R TR AT N W L A KRR NTT TC  R T DA TR TN 1y R S KU TDOTIC
Ul U ‘IU“u’dll’thf’l:l md!h‘i'ﬂ‘lﬂlIﬂlmllﬂhlll'll RHRRTA it oK I KT R RSO CTRRULAR [RTRHCR  T RRHEDANHEETHTNR AR
h“l ’lhﬂ"(\'WH ih Mll.l“llh”-!'lﬂlll“ eIy Tindy T AN P OB AT il '/Jn’ﬂ'l.S"(HMI‘I‘;II.-HM\II‘M'I‘FIl('ﬂl’ln‘lllh(l’illj
RRIATR ItR Jir: A I 'ﬂIHl IHlHJ h“;h‘llllh"’.\‘«' Jli'!.ﬂllIM WIHIII hmld“ Epa) !llﬂb“.l‘h O BT IR ]
’l’tlHl[(r i Hl'"lllﬂ"ﬂ(ﬂ Hl AR '€ b ,J l Rl i IINM((ml‘lllﬂllh-h‘"lliﬂmml'ﬂlhIl.|lll Ny
lllll“h'l“t‘l"MM"HIWUHUH’dl’f!’N..![Il\‘1’1 Mt lﬂﬂ'”l" JNHW'N »f l t HRASKTIR R lll nlldhl‘llil(hM‘lllIldlL' i3
R IR lﬁ‘li'nh\l*"ll 0 6t51u\1i‘.1d‘ ..I.m'lmmu.ummmm'wrwmwm.mmm HMM’JINI' il X ; " HI\L i.l\ IS AT
00 S SR DR e A T 'mmmnuunumu.nw.mw l|ih.|l‘\!ﬁﬂ.llll hl)llmllhlﬂllll!‘ﬂ ADSRXETpS A A i !
'uuuq-ummuiuuu lﬂl.!lmuml)llll_mmum"Ih'm’ﬂbhﬂlll.fﬂllU Wl R o A QTR AT ll-f SRRl ll)lﬂ!llh !hll‘llllﬂll Iilll“llll}"‘llﬂl‘nd ddx(ﬂll' 'dﬂ'ﬂﬂﬂll lhﬂﬂﬂ'lhﬂ’d\! Mﬂi‘-ﬂu n!

AT R TOmN] QAT IR i T gl DrR] 120

sp. 1500 sp. 1650

(sw) awiy joaes] Aepy om



! KMA:‘N)NW}R!PMW)lhthl’lllhﬂHJISKMM‘SH]I‘!I)‘th"m.uf i r!dklﬂﬂi'?ﬂ"h)l)f' 1tﬂl:.d".§i‘llvm )
J\M‘-’EM ‘«mmur;' llll!di!xllﬂl{ﬂllli.':’ﬂf LS e

3 ‘Fﬂ;b ;'W‘r!f’ﬂ' f’L‘A Ib‘”l‘illll) il
)

Rt Uit
Wy h:l
AR

ALY
N W\?lmd“lﬂﬁn‘r i
RSB ST )

EARHTA

S48 "
il il llh'!liﬂvh.l‘l 'lmA"'m I
‘mmm.a. oLy '1’("1}.