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INTRODUCTION

In August-September, 1992, a comprehensive multichannel seismic-reflection survey was
conducted in Lake Baikal, Sibenia (Figure 1), by U.S. and Russian scientists (Klitgord et al.,
1993). Navigation utilized U.S.-supplied Global Positioning Satellite (GPS) receivers. Pre-cruise
uncertainty in the availability and quality of the GPS positions at Lake Baikal together with
limitations in both the ships layout and the navigation software resulted in (a) the seismic source
being fired by increments of time rather than increments of distance and (b) navigation being
acquired independently of the multichannel shot data. Because the navigation and multichannel
data were not linked, the challenge in processing the shot point data was to assign an accurate
time to each shot so that its position could be estimated from the raw navigation data.

The purpose of this report is to describe how times for each shot were derived, to describe
how the positions were established for each shot number; and to assign a quality factor to the
navigation for each line. The implications of these results for the geometry and processing of
the multichannel seismic data are also discussed. This report complements other reports about
the scientific objectives and operations of the cruise (Klitgord et al., 1993; Nichols et al., 1992)
and the processing of the multichannel seismic profiles (Agena et al., 1994).
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appreciated.

CRUISE SUMMARY

Approximately 2,250 km of multichannel seismic profiles were collected aboard R/V
Balkhash in Lake Baikal in 1992 (Figure 1). Line numbers were assigned based on whether the
lines were dip lines across the lake (even numbers) or tie lines along the lake (odd numbers).
Because unequal numbers of dip and tie lines were shot, the line numbers are not sequential.
There are 42 separate lines with numbers which range from 1 to 60. An additional 6 segments
comprise reshot lines (3A, 10A, 17A, 40A, 50A, and 50B). Hence there are a total of 48 line
segments for purposes of processing. The reshot lines have been given numerical designations
of 61 - 66 (Table 1) for the purposes of navigation processing in this report but should otherwise
be labelled by their A and B names officially, as shown on Plate 1. Line 17A (66) is a reshoot
of line 17 with large-volume air guns and a slower firing rate (120 seconds) because of
coincident recording of Ocean Bottom Seismometer data (ten Brink et al., 1993). The other A

and B lines were reshot because of acquisition or navigation errors and are continuations of the
original lines.
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Figure 1. Map of Lake Baikal showing locations of 1992 multichannel seismic reflection lines.

Detailed shot point map shown with locations of shot-time calibration points is shown at
1:1,000.000 in Plate 1.
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FIELD PROCEDURES

Navigation Logging

Navigation data were taken from an Ashtech GPS Model XII Receiver, using frequency
band L-1 (1575 MHz) and signal modulation code C/A. The Ashtech antenna was located on
a cross tree above ship’s bridge. Every 10 seconds, navigation information was transmitted
through an RS-232 port to a personal computer for logging. Logged data consisted of date, time,
lanitude, longitude, ellipsoidal altitude, Horizontal Dilution of Precision (HDOP) value, speed, and
heading. No raw GPS signal information was saved from the multichannel tracks. The personal
computer also provided real time displays for use in navigating the ship, such as distance along
line, distance off track, distance and time to next way point, etc. Archive media for the
navigation data were floppy disks from the portable computer.

Multichannel Shot Logging

The multichannel seismic acquisition system consisted of a Texas Instruments DFS V
computer with dual 1600-bpi tape drives. A Digital Timing Delay Generator, 1.e., a calibrated
digital clock, issued a master trigger to the DFS V which initiated the firing pulse to the air gun
array. The desired shot interval of 50 m was approximated by matching the time between shots
with averaged ship’s speed. Shots were generally fired every 23 to 25 seconds corresponding
to a ship’s speed of 4.0 to 4.4 kts, although some lines had shot intervals as low as 22 s and as
high as 27 s. Firing rates were generally not varied within single lines.

Individual shot numbers were logged as the record or file number written onto the DFS
V tape drive. Shot numbers for this cruise are therefore exactly equivalent to Field File
Identification (FFID) numbers used in processing the multichannel data.

Calibration of Navigation and Shot Numbers

The shot numbers were calibrated to the navigation data manually at 15-minute intervals.
The navigation watch stander logged the DFS V file number as an entry in the hand-written
navigation log at 15-minute increments (about 35 to 40 shots). These entries were later typed

as date-time-shot number files for processing the navigation, and are called shot-time calibration
files.

SOURCES AND MAGNITUDE OF NAVIGATION ERROR

Three sources of error contribute to uncertainty in the Baikal navigation: (1) measurement
limitation, (2) shot-time calibration, and (3) missing shots.

Measurement Limitation

This is error inherent in the hardware, software, and geometry of the GPS satellite and
receiver system. The most variable source of error comes from the geometry of the satellites
used 1n calculating the navigation position, and is referred to as the Dilution of Precision (DOP)
factor (Milliken and Zoller, 1980; Hurn, 1989). DOP’s are numerical values that can be recorded
for 3-dimensional solutions (PDOP - Position Dilution of Precision), for 2-dimensional solutions
(HDQOP - Horizontal Dilution of Precision or VDOP - Vertical Dilution of Precision), and for
time solutions (TDOP - Time Dilution of Precision). For the Baikal data, HDOP was recorded



rather than PDOP because navigation solutions on a lake surface are essentially made at the same
vertical elevation. This also allowed for 3-satellite solutions to be used if 4-satellite solutions

were not available. HDOP values for good satellite geometries are generally between 1 and 4;
values for poor geometry are much larger.

Other sources of measurement error are generally constant and are summarized below
(Table 2):

TABLE 2: Typical Sources of Measurement Error’

SOURCE ERROR (M) DESCRIPTION
Satellite Clock .6 Clock Drift
Ephemeris .6 Uncertainty in satellite orbit
Receiver 1.2 Clock synchronization with satellite
Atmospheric/lonospheric Effect 37 Signal propagation delays
Selective Availability’ 0-76 Random signal degradation
Root-Square Sum® 4-9 Estimated Combined Error
Baikal estimate 7 Assumed mid-value

! Source: Humn (1989).

? Selective Availability is unannounced degradation of the signal by Department of Defense. This is the most
unconstrained source of error. 7.6 m is considered worst case.
* Root-Square Sum is the square root of the sum of the squares.

Total measurement error is calculated by taking the product of the HDOP value with the
root-square sum of the other sources of error (Hurn, 1989). For the Baikal data, a representative

root-square sum value of 7 m is assumed. The measurment error in meters is therefore taken as
7 times HDOP.

Shot-Time Calibration

This refers to the logging of time and/or shot numbers at the 15-minute calibration points.
The magnitude of this error is related to human error in logging time and and/or shot number
correctly at the calibration points. Ideally, the clock used to fire the airgun array should have
been synchronized to the GPS clock and shot-time recorded automatically to a fractional second.
In actuality, the (GPS) times at calibration points were logged to whole seconds (best case) or
whole minutes (worst case). Logging time in whole minutes was most common at the beginning
of the cruise because of language difficulties between some of the Russian and American watch
standers. Very few of these human errors occurred in the latter part of the cruise.

These errors in time are given values of 1 s (for whole second logging) and 30 s (for
whole minute logging, assuming time is rounded to the nearest whole minute). To convert these
erTors in time to position error in meters, the mean distance between 10-s positions was either
divided by 10 (to get mean distance for 1-s interval) or multiplied by 3 (to get mean distance for

30-s interval). The magnitude of the uncertainty due to the 1-s error is about 2 m; that for the
30-s case is about 70 m.



Shot-time errors could also occur if shot numbers were improperly logged. Occassionally,
shots from the navigation log showed gross inconsistency with the multichannel observer’s logs,
indicating that the watch stander erroneously recorded the shot/file number. The more obvious

errors could be corrected after comparison of the navigation logs with the multichannel observer’s
logs.

Missed Shots

This refers to situations in the field in which the airgun array continued firing at even
increments of time even though the DFS V was not recording the shot or incrementing the
file/shot number. The actual shot-time calibration points are based on the field file numbers from
the DFS-V, rather than the actual firing of the airgun array, which means missed shots are not
automatically counted. In the first half of the cruise, several poor quality tapes together with
excessive parity errors on one of the tape drives resulted in missed shots. In the second half of
the cruise, when only one tape drive was used, two firings were missed at every tape change
because of the physical limitations in removing and reloading a single tape drive. For times in

which missed shots occured, the navigation interpolation must include a correction for the
additional shots that occurred in that interval.

In order to compensate for the missed shots, the concept of a "pop" number is introduced
for the processing. The pop number differs from the shot number in that the pop increments
every time the air-gun array fires whereas the shot number increments only when the DFS V
writes a file to tape. Missed shots (i.e., those not recorded on the DFS V) will introduce a
systematic offset between the pop number and the shot number. Both pop and shot numbers
should be identical for lines in which no recording errors (i.e., missed shots) occur. The concept
of the pop number for the Baikal data is used only in the processing of the navigation
information and is not logged in any of the final archive navigation files.

Figure 2 shows a hypothetical situation to emphasize the effects of poor logging and
missed shots on estimating the time of each shot. Time is shown incrementing to the right, with
a 15-minute calibration interval noted. (Assuming a constant ship’s speed of 4.5 kts, this
hypothetical time curve can also be equated with distance, or 15 minutes equals about 2.1 km).
Suppose there are 15 shot numbers recorded from minute 1 to minute 15 (i.e., 15 files written
on the DES V). If there are no missing shots, then the shot number equals the pop number and
configuration A holds for interpolating 15 even intervals for the shot times. However, if there
are 5 missed shots (shown as *), then the pop number exceeds the shot number by 5 and
configuration B (20 even time intervals) is the accurate representation for determining the shot
times. If the missed shots are not accurately accounted for, then the shot time will be correct at
the calibration points (shots O and 15), but will be misestimated (by up to 2.25 minutes for shot
6). This timing error for shot 6 equals a distance mislocation of 313 m in this example. In

general, this error is greatest at the position of the missing shots and decreases toward the 15-
minute calibration points.

If the time is not logged properly for the 15-minute calibration, then a shot-time
calibration error is introduced. For whole minute logging, the timing error is assumed to be 30
s (i.e., watch stander recorded the whole minute to the nearest whole minute). The effect on
estimating shot time is shown by configuration C in Figure 2, where one scenario 1s illustrated
in which the whole minutes reported are considered to be off by 30 seconds at each calibration

10
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point. Configuration C shows what the actual shot times should have been; configuration A
shows how they would be calculated in the absence of the seconds information. In this case, the

calibration shots O and 15 would have an error of 30 seconds (69 m), as would all shots in that
interval.

The missing-shot error is actually treated as a correction to the data rather than as an
l.e., missing shots are accounted for in the processing, but no missing-shot error is
calculated or assigned. This assumes that the missing shots were reasonably carefully logged and
that any unlogged shots are not enough to bias an entire line. Most of the missing shots
compensated in the processing are single or double shots (representing a timing correction of up
to 45 s at the position of the missed shots, or up to about 100-m correction). The most missing
shots that occurred at one interval are 17 on line 6. One or two missed shots generally has no

visible-effect on fold coverage of the multichannel data. However, the 17-shot gap in line 6 was
sufficient to cause a small data gap at SP 820-821.

€ITor,

PROCESSING STRATEGY

Two basic inputs are used in processing the navigation: the raw 10-s locations and

listings of the shot-time calibrations points. The steps in processing the navigation data (Figure
3) were:

(1) Inspect the overall quality of the raw navigation data by looking at gaps and
calculating the distance between adjacent fixes for each 10-second recording point. Plot
ellipsoidal height and HDOP value for general quality control.

(2) Evaluate the quality of the shot-time logging, which was done by calculating firing
rate for each 15-minute calibration interval and inspecting the scatter. Ideally, with a constant
firing rate of the airgun array, the recomputed firing times for each 15-minute period should also
be constant, or vary slightly when the firing rate was infrequently adjusted for changes in the
ship’s speed.

(3) Edit the calibration files for obvious typographical errors based on the magnitude of
the scatter observed in plots from step 2.

(4) Develop and merge the best estimates of the number and positions of missing shots
with the calibration files. In this step, the pop numbers were defined.

(5) Generate final latitude/longitude positions by using the updated calibration files to
interpolate times for each pop, which are then merged with the raw navigation files to interpolate
latitude and longitude for the pop times. Final archive navigation drops the pop numbers which
do not have accompanying shot numbers defined.

(6) Inspect the quality of the shot navigation by looking at the distance between adjacent
pops for each line.

(7) Assign an error to each line based on the quality of the raw navigation and the errors
introduced 1in the calibration files.

Plots showing the results of step | are given in Appendix 1 for each line. Plots resulting
from steps 2, 4, 5, and 6, are given in Appendix 2 for each line.

12
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TABLE 3: DATA GAPS

START OF GAP END OF GAP LENGTH SHOTS IN GAP

Line No. Date Time Date Time ® Total SP Nos.
6 920826 175622 920826 180302 400 16 909-924
7 920829 190902 920829 191012 70 2 526-527
7 920829 191032 920829 191302 150 6 529-534
8 920826 233412 920826 233522 70 2 284-285
8 920827 011652 920827 012612 560 23 530-552
8 920827 012702 920827 013242 340 14 555-568
8 920827 024802 920827 025102 180 7 748-754
11 920922 195412 920922 195632 140 6 324-329
13 920920 225812 920920 230212 240 10 444-453
13 920920 234632 920920 235302 390 15 555-569
13 920921 035032 920921 035322 170 7 1107-1113
13 920921 035452 920921 035722 150 6 1117-1122
13 920921 065652 920921 070112 260 11 1543-1553
13 920921 121612 920921 121822 130 6 2353-2358
17 920916 050002 920916 054122 2480 108 2866-2973
26 920831 174122 920831 175132 610 25 148-172
34 920922 003132 920922 003432 180 6 509-514
38 920910 134342 920910 134642 180 7 700-706
46 920913 082032 920913 082432 240 10 22-31
46 920913 083642 920913 083802 80 3 63-65
50 920012 181132 920912 181232 60 2 236-237
50 920912 193252 920912 193352 60 2 432-433
52 920922 090112 920922 090232 80 4 58-61
66 920916 164852 920916 170832 1180 9 51-59
66 920917 112842 920917 113242 240 2 605-606
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RESULTS

Quality of the Raw Navigation

Raw navigation information is illustrated in Appendix 1 with four plots for each line:
distance between each data point (top plot), time between each data point (second plot), HDOP
value associated with each data point (third plot), and ellipsoidal height (bottom plot).

The plots of distance between each point show considerable scatter on some lines (e.g.,
line 4, with a standard deviation of 13.6 m) and remarkably little scatter on others (lines 23, with
a standard deviation of 1.44 m). The 10-s positions average about 20 - 23 m apart throughout

the cruise, and the standard deviations range from about 5 % (line 23) to more than 50 % (line
4).

In general, the scatter is correlated to changes in HDOP value (e.g., HDOP changes
rapidly on line 4 and is less variable for line 23). This correlation suggests that the scatter 1s best

explained by changes in satellites and/or satellite geometry used in computing successive
positions along a track line.

Because data points were logged every ten seconds, the plot of time between data points
should be constant at 10 s. Deviations from this represent data gaps. Note that data gaps in time
are duplicated as large peaks in distance between points (e.g., line 8 at 3.75 - 4.0 hours). Table
3 summarizes the data gaps for the 14 lines with gaps of 1 minute or more (i.e., 6 or more data

points lost). The two largest gaps were on lines 17 and 17A, in which data losses occurred of
41.3 and 19.6 minutes respectively.

Measurement error can be estimated directly from the raw navigation. Table 4 lists the
mean measurement error for each line. As defined earlier, the measurment error is given as 7
x HDOP, where HDOP is the mean HDOP calculated for each line. These errors range from
7.49 m (lines 42 and 52) to 22.75 m (line 40). Figure 4 (top plot) illustrates these errors, shown
as X’s together with estimates of the scatter (standard deviation of the calculated distance
between data points), shown as O’s. In general, the two values are in good agreement. The error

bars are the standard deviation of the error, and are primarily an indicator of the amount of
scatter in the HDOP value.

Quality of the Calibration Files

Plots of the imitial and final calibration files are shown as the upper two plots in the
figures in Appendix 2. The calibration curves are displayed as firing rates, calculated by dividing
the time between control points by the number of shots between control points. The control
points plotted in the edited (final) version use pops between control points to calculate the shot
interval, although the information is plotted against shot numbers. Ideally, these lines should be
constant and horizontal along the line, because the pops were fired by time, or they should show

a small offset where the shot number may have been adjusted for small changes in the speed of
the ship.

All of the plots of the initial calibration files show a boxy pattern, in which the shot
interval varies between high (24 - 27 s) and low (21 - 23 s) values. This is a direct result of
poor record keeping and missing shots. After editing, some of the lines have excellent (i.e., flat)
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curves (e.g., lines 54 and 58). Many of the lines show considerable improvement in the flatness
of the calibration curves after editing (e.g., lines 11 and 13) whereas a few show little or no
improvement (e.g., line 15). The final calibration curves have been assigned a rating of 1 (time
logged to whole seconds) or 30 (time logged to whole minutes); these values are listed in Table
4, together with the calculated error in distance that these timing errors correspond to.

Lines in which some or all of the calibration points were logged to whole minutes were
given ratings of 30, even if the final curves looked reasonable, because of the absolute
uncertainty in shot time based on the poor time-keeping, as described with Figure 2. For
example, line 6 1s given a 30-s error value for the entire line even though whole minute logging
occurred only in the first half of the line. Line 7, one of the long tie lines across the Selenga
Delta, contains whole-minute logging for only about 25 % of the line (600 shots from about SP
1000 - 1600), but is also assigned a 30-s error for the whole line. The portions of lines which

had whole-minute logging are clearly marked in Appendix 2, and should be inspected to clarify
how much of any line is affected by the whole-minute logging.

The shot-time calibration error was combined with the measurement error using a root-
square sum to yield total error for each line. Figure 4B shows the total error (i.e., for both
measurement and shot-calibration errors). A comparison of this figure with the measurement
error (Figure 4A) reveals the large contribution of the shot-time calibration error due to the
whole-minute logging (30-s error). For example, line 4, which has a measurement error of 8.89
m, has a combined total error of about 74 m when the shot-time calibration is added. The

difference between the measurement error and the total error for lines with a l-s shot-time
calibration error is generally negligible.

Quality of the Distance Between Shots

The quality of both the raw navigation and the calibration files affects the calculations of
distances between shots. These distances are shown in two forms in Appendix 2 (lower two
plots): as relative distance between shots along each line (third plot down) and a histogram of
distances (lowest plot). The plot of distance between shots gives a good representation of the
magnitude of the scatter along the line; the histogram illustrates the spread of the scatter. All
plots are at the same scale for easy comparison. The standard deviations given on the plots are

based on the relanve distances between shots, rather than the uncertainty associated with the
absolute position of the shot.

The scatter recorded for distances between shots essentially mirrors that of the raw
navigation plots (compare plots for each line in Appendix | and Appendix 2). The distances
between shots are important for evaluating the assumption of 50-m shots used to process the
multichannel data. Figure 5 shows the mean distance between shots (X) together with the

standard deviation (error bar) for each line. The ideal shot distance of 50 m is also shown as a
horizontal line.

Except for line 30, the error bars encompass the 50-m ideal shot spacing. Hence the
assumption of 50-m shots is valid for processing the data. Line 30 has a mean shot spacing of

57-m, but is a very short line (174 shots) and therefore is a very small element of the entire data
set.
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TABLE 4: NAVIGATION ERROR AND DATA QUALITY

LINE MEAN SHOT MEASURE- SHOT-TIME CALIB. TOTAL RATING®
NUMBER DISTANCE!' MENT ERROR’
ERROR? Factor® Error*

| 52.84 7.98 30 60.51 61.03 Poor
2 54.47 9.17 30 64.14 64.79 Poor
3 49.47 8.68 30 58.50 59.14 Poor
4 54.83 8.89 30 73.68 74.21 Poor
6 50.59 8.33 30 64.83 65.36 Poor
7 50.74 10.15 30 61.50 62.33 Poor
8 53.02 8.05 30 69.84 70.30 Poor
9 4995 9.38 1 201 9.59 Excellent
10 55.33 7.70 30 70.71 71.13 Poor
11 50.03 9.10 1 2.23 9.37 Excellent
12 47.86 10.43 1 1.99 10.62 Excellent
13 51.71 3.89 1 215 9.15 Excellent
14 45.37 7.63 1 1.85 7.85 Excellent
15 51.06 7.77 1 220 8.07 Excellent
16 46.74 7.84 30 56.40 56.94 Poor
17 49.22 9.31 1 228 9.58 Excellent
18 49.45 12.25 1 2.02 12.41 Good
19 52.21 11.27 1 227 11.50 Excellent
20 50.76 9.31 30 61.53 62.23 Poor
21 5593 12.46 1 237 12.68 Good
22 52.49 9.31 30 64.89 65.55 Poor
23 52.21 6.93 1 2.09 7.24 Excellent
24 50.87 8.68 1 2.04 892 Excellent
25 51.57 9.80 1 227 10.06 Excellent
26 53.26 11.13 1 231 11.37 Excellent
28 47.06 12.95 1 1.93 13.09 Good
30 57.32 12.04 1 222 12.24 Good
32 51.35 9.17 1 2.19 9.43 Excellent
34 50.98 8.12 1 233 8.45 Excellent
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36 53.18 17.08 1 2.39 17.25 Good
38 50.97 7.70 1 2.06 797 Excellent
40 56.18 22.75 1 2.28 22.86 Good
42 52.74 7.49 1 222 7.81 Excellent
44 51.08 8.96 1 208 9.20 Excellent
46 51.93 7.84 1 2.20 8.14 Excellent
48 54.45 833 1 221 8.62 Excellent
50 54.27 12.67 1 222 12.86 Good
52 50.81 7.49 1 2.19 7.80 Excellent
54 50.49 7.84 1 2.20 8.14 Excellent
56 50.16 8.19 1 2.18 8.47 Excellent
58 51.16 9.17 1 2.14 9.42 Excellent
60 52.66 7.84 1 222 8.15 Excellent
61/10A 49.49 10.01 30 60.90 61.72 Poor
623A 53.33 8.75 30 65.52 66.10 Poor
63/40A 52.46 8.68 1 2.20 8.95 Excellent
64/50A 50.51 6.37 1 202 6.68 Excellent
65/50B 50.15 8.12 1 2.17 8.40 Excellent
66/17A 257.15 8.61 | 2.19 8.88 Excellent

'Mean Shot Distance - Mean distance between successive firings of the airgun array after taking into account all
missing shots. This same number is given in Appendix 2 on the top plot for each line.

*Measurment Error - Error due to inherent limitations of the satellite-receiver system. This number is taken to be
7 times mean HDOP, as discussed in the text.

*Shot-Time Calibration Factor - This is the factor assigned to each line based on the quality of the shot-time
calibrations. 1 refers to times recorded to whole seconds; 30 is for times recorded to nearest whole minute.

“Shot-Time Calibration Error - This error is given as the average distance between 10-s navigation locations (top plot

of Appendix 1) muitiplied by .1 (1-s factor) or 3 (30-s factor).

*Total Error - Taken as the root-square sum of the measurement and shot-calibration errors.

°Rating - Excellent is for error of 6-12 m; Good is for errors of 12-24 m; Poor is for errors > 50 m.
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Quality of Shot Locations

For the purposes of this report, an error estimate is assigned to each line based on the
mean characteristics of the line (e.g., mean HDOP), rather than assigning an error estimate to

each individual shot. This gives a general guide for interpreting the navigation quality for each
multichannel profile.

Figure 6A gives the total position uncertainty for each line plotted as an error bar around
the mean shot distance. The value of the error bar is taken as the total error (X) shown on
Figure 4B and tabulated in Table 4. The lines with whole-minute logging of the shot-time
calibration points are ovvious because of their large error bars (e.g., lines 1-8).

A quality rating has been assigned to each line based on the size of the total error and is
illustrated in Figure 6B. The lines have been arranged in order of increasing error-bar size.
Lines with error bars of 6-12 m are considered to have excellent navigation; those with error bars
of 12-24 m (i.e., up to half a shot interval) are considered to have good navigation; and those
with error bars in excess of 50 m (i.e., one shot interval) are considered to have poor navigation.

Line Crossings

Line crossing information has been compiled from the processed navigation locations for
each multichannel line and is given in Appendix 3.

DISCUSSION

A map of the navigation quality rating of each line (Figure 7) shows that lines on the
southern side of the Selenga Delta have the worst ("Poor") navigation whereas those around
Academician Ridge have the best ("Excellent") navigation. The reason for this geographic
distribution can be explained because the Selenga Delta survey was completed first, when the
most communication problems and human error occured in logging.

In as much as the purpose of the cruise was to collect multichannel seismic data, a
relevant issue is how the quality of the navigation data affects the multichannel data, specifically
the multichannel geometry. The marine multichannel technique is based on repetition of regular
geometries that allow sorting and reconstruction of common depth point seismic gathers for
velocity analysis and stack (e.g., Yilmaz, 1987). Perturbations of this geometry, such as that

which occurs when shots are not at the target SO-m spacing, introduce artifacts and complications
in processing the data.

For the Baikal data, the shots were ideally 50-m apart to preserve the optimum geometry
for recovering 24-fold data (Agena et al., 1994). The actual mean distance between shots ranged
from 45 m (line 14) to 57 m (line 30). For all lines except line 30, the uncertainty (i.e., the
scatter around the mean shot spacing) includes 50 m, and the assumption of 50-m firing intervals
for processing the data is therefore within the estimated navigational uncertainty.

Because of the low frequencies used in the multichannel seismic survey (less than 60 Hz),

velocity estimations will not be affected by using a geometry of 50-m firing intervals instead of
the actual mean intervals of between 45 and 57 m. The region insonified on the lake floor by
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Figu;e 7. Map showing the distribution of the navigation quality for the lines in Lake Baikal.
The lines with the lowest "Poor" rating are generally in the region of the south Selenga Delta,

where shot-time calibration logging was poorest at the beginning of the cruise.
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APPENDIX 1:

PLOTS OF RAW GPS NAVIGATION
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DESCRIPTION OF PLOTS OF RAW NAVIGATION DATA

This appendix contains plots of raw navigation from all of the Lake Baikal 1992
multichannel lines, organized by increasing line number. All of the data are plotted against
number of hours from the start of the line; because all lines are plotted at the same horizontal

scale (7 hours), some lines are plotted on more than one page. The GMT start of each line is
labelled for each line.

GPS - Distance Between Fixes

The top plot shows the estimated distance between adjacent (10-second) navigation
locations calculated using geodetic inverse formula based on geodesy by A.R. Clarke. Ideally,
these plots of distance between fixes should be a flat line (assuming a constant or near constant

speed of the ship). Examples of nearly flat plots are line 1, hours 2-3, line 13, hours 9-11).
Several reasons can explain spikes on these plots:

(1) data gaps in the 10-second positions will cause abnormally large estimates of distance
between fixes; these can be identified by coincident spikes on the plots of ime between
fixes plotted beneath the distance plots (e.g., line 7, 3.75 hours after the start of the line).

(2) vanations in the speed of the ship will cause distance estimates to vary. These kinds
of vanations should be relatively smooth and of fairly long wavelength (i.e., changes
occur over periods of a few minutes and are constant until the next speed adjustment).

Changes 1n the speed of the ship were very small and are not likely to be resolvable on
lines where large spikes contaminate the data.

(3) uncertainty in the absolute GPS locations will cause short-wavelength spikes. Most
of the spikes seen on the data are due to this uncertainty (e.g., line 1, 0-2 hours, 3-4

hours) and are directly related to the Horizontal Dilution Of Precision (HDOP) value
shown in the third plot.

GPS - Time Between Fixes

The second plot shows the actual time between 10-second positions; spikes on this plot
indicate data gaps. Generally, data gaps less than 1 minute (6 fixes) are considered negligible.
The positions of data gaps of one minute or more are given in Table 3 of the main paper.

GPS - DOPs

The third plot show the Horizontal Dilution of Precision (HDOP) value, which refers to
the honzontal error associated with the geometry of the satellites used to compute a fix. Each
change in HDOP value indicates a different satellite geometry or different set of satellites used

to compute a location. These changes in HDOP generally coincide with large scatter in the
estimates of "Distance between fixes" (top plot for each line).

GPS - Altitude

The bottom plot for each line shows ellipsoidal altitude associated with each position.
For some lines, altitude was calculated automatically as part of the GPS solution; these lines, at
the beginning of the cruise, show large altitude fluctuations (e.g., line 6). For most of the cruise,
ellipsoidal altitude was set to 455 m, so that 3-satellite solutions could be used when 4-satellite
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solutions were not available. (Full GPS capability was not implemented in 1992, and therefore
3-satellite solutions were usually required for one or more time intervals each day). The

ellipsoidal altitude is a mathematical surface defined as the sum of the geoid (in m) and the
height above sea level (also in m):

Ellipsoidal altitude = Geoid + Height above Sea Level

Because the lake surface is essentially a constant height (455 m), and the geoid for the lake is
also approximately constant (-24 m, C. Bowin, personal communication), the ellipsoidal altitude
should have been specified as -24 + 455 = 431 m. This difference (24 m) should not have
affected the accuracy or quality of the resultant GPS location (B. Irwin, personal communication).

Statistics about time and distance between fixes, HDOP value, and ellipsoidal altitude are
plotted at the end of each plot (mean, standard deviation, maximum and minimum values). Note
that the standard deviations include the data gaps and may not be representative of the overall

smoothness of the line (e.g., line 13). Line statistics are shown at the end of each line (i.e., on
the final page for multiple page plots).
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APPENDIX 2

PLOTS OF SHOT-TIME CALIBRATION
AND SHOT-DISTANCE INFORMATION
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DESCRIPTION OF SHOT-TIME CALIBRATION AND SHOT-DISTANCE PLOTS

This appendix gives four plots for each multichannel line from the 1992 Lake Baikal
cruise. All plots utilize the same scales, except line 66/17A, which was shot with a different
firing rate. Statistics (means and standard deviations) resulting from each step are plotted on
each plot, together with a summary of the total shots per line (listed on the histogram plot).
Some of the plots are continued on more than one page (lines 7, 11, 13, 15, 17, and 25).

Initial Shot-Time Calibration

These plots show calculated firing rate versus shot point number. Shot-time calibration
was made at 15-minute intervals (about 35 shots) by logging shot number and a corresponding
time. The firing rate was calculated by dividing the number of shots by the time. The locations
of the calibration/control points are not labelled but can be extracted from most of the plots at
the positions where the calculated firing rate changes, causing the boxy appearance of the plots.
Initial shot time plots do not account for edits due to logging errors and missed shots. Logging

of time to whole minutes is noted on the appropriate plots (Lines 1, 2, 3, 4, 6, 7, 8, 10, 16, 20,
22, 61/10A, 62/3A).

Final Shot-Time Calibration

These plots are identical to initial shot-time calibration plots, except that edits for
incorrect logging and missed shots are included in the firing rate calculations. The positions of
whole-minute logging are noted the same as for the initial shot-time calibration plots. Ideally,
the plots of firing rate should be flat, because the airgun array was fired on even increments of
time. Examples of reasonably flat final curves are lines 9, 11, 12, 13 (SP 1500 - 2500), 19, 25,
26, 32, 34, 52, 54, 56, 58, and 63. Examples of lines where editing provided major
improvement in the calculated firing rate are lines 2, 11, 13, 19, 25, 34, 52, 54, 56, 58, and
66/17A. The boxiness of many of the "final" plots indicates poor final control on the firing rate
(e.g., lines 4, 15, 17, 21, 42, 44, 46, 48, and 50).

Distance Between Shots

These plots show the calculated distance between shots estimated after merging the raw
navigation with the final shot-time calibration files to produce an interpolated position and time
for each shot point. Missing shots (i.e., pops) are included in this plot so that spikes that would

otherwise be caused by missing shots do not show up. Pops are also included in the statistics
(means and standard deviations).

Histogram of Distance Between Shots

This plot shows the distribution of the scatter associated with the distance between shots.
The mean distance is plotted as a * on this plot. For lines that plot on multiple pages, the
histogram plot is plotted only once, on the first page.

102



sielw

06 08 oL 09 0S oy (0] 02 o—o
i T LS L i T T
iy ;
B ueew = — 00} m
655 = SIOUS B0l . .Aw
| ] | | 1 | | 002
1 INIT -Sloys ussmlag aduelsiq Jo Em._moﬁw__.._
isquinN juiod loyg
00S1 000} 00S 0
| T 0
B eSS it i
B Wzoo 9= Aep PIs — 001 W
w +8 2 = uesw
| | 002
I INIT -Sloys usamiag aduelsig
iequinp jutod oys
00S1 0001 00S 0
T I 0c m
L =52a
| $/050= Aep Pis Iomm
5489 = eow T BusbsiemmadoT T T o
| | Ge ~—
} ANIT -uoieiqle) awl]-loys |euld
ijequinp jutod 1oys
0061 0001t 008 0
n =52 a
2
L $G69'4 = ASp PIS —oe m
S €492 = ueel ' Buibbol ewnuiw soum w
l | se~

I 3NIT ‘uoheiqiied swi]-loys [eniu

103



slelew

06 08 0L 09 0S8 ov (0] 0¢ 0 _.o
i T =TI [OOOOOO===""="7 T _
I ueew = — 001 %
Sv9 = sloys [elol . m
_ _ _ _ | ! _ 002
2 JNIT :sloyg usemiag eouelsiq Jo wesbolsiH
18quiNN JuI0d 104S
0061 00014 00s 0
] T 0
3
I - —oot 2
wee ot = 'Aep pls &
Wiy ps= uesw
_ _ 002
Z INIT :Sloys usamiag aouelsiq
JequinN JuIod 104S
00SG1 00014 00S 0
| I 0c n
B JJIWJIL’F\[.Jl\JM sz3d
)
S €62°L = 'ABD PIS : ] Oﬂ m.
i $ 819c = ueow - = - - - Buisho e e T -1 &
2 INI1 :uoneiqgie) swi]-loys [euld
Jequinp luiod 1oys
00st 0001 00S
T

$ BE6'C = 'AOP IS
S €6'9C = Ueew

Z NI :uoneiqied swil-ioys [efiy|

104



Sisjaw

06 08 0L 09 0S ov oe 0e ol
T T T =[O0 JOO0=O—=="T T T 0
3
— weow = —00l §
£96 = SI0US eI} . ,m
1 { 1 | | L | 002
€ JNI :Sloysg usamiag aouelsiq Jo welbo)siH
Jequinn juiod joys
00S1 0001 00S 0
T T 0
%ﬁr} w
B wezz S = AeP PIs — 004 M
w/p'ey = uesws w
_ _ 002
€ NI :SI0US usamiag 8ouElsIq
J1eqUINN JUI0 10YS
00S| 0001 00S 0
T T 0 2
2
= S1vh 1= Aep PIS -{oe &
S 6¥ G¢ = ueew Buibboj einui) ejoum w
! ! ge~
€ INIT :uoneIqie) swi1-loys [eutd
Jequnp 10 10Ys
00s| 000} 00S 0
_ _ 0z
- |_\|{‘|_|I—|_.|\||L|l S2a
2
B SEQ L= AGD PIS I.Omuw.
$26 G¢ = ueew BulBbo] eInuL eoum —
_ _ ge =

€ INIT :uole.qiieD awl]-joys [enu|

105



siojew

06 08 0L 09 0s ov 0€ 0c o—o
T S s S [T DEOOe = T P
OO T ;
B ueew = —00t §
184 = sioys [el0} . 'm
] ] | | | ] ] 002
¥ JNIT :SI0US usamiag aouelsiq Jo wesbolsIH
JaquinN jutod joys
00Gt 000t 00s 0
T 0
3
B we el = Aep pis lOO_va
W eg ps = UrBW
_ _ 002
¥ JNIT :Sloys ussmiag aouelsiq
18quINN JU0d 104YS
00Gt 0001 00s 0
I T (14 o
- .._ g G2 Rnu.u
oy
| S90C + = Aep Pis —oge WN.
SeE e = uesul — 7 bubbojenuiwieioym -
_ _ se~
¥ NI ‘uoneigie)d swij-loys jeuld
18QUINN 1U10d 104S
00St 0001t 00S 0
— 1 ; @
py
B Sipl L= Aep pIs lomm,
$ B€ g¢ = uesw — 7 oubbojemuiwieoym D
| | ce ~—

v INIT

:uoneIqIeD BWi1-10ysS (BNl

106



siejew

06 08 0L 09 05 ot og 02 ol
P T =TI __ _ E :_l_:EEEDE,tf _ i 0
2
~ veew = —001 §
2201 = sious e10} . .m
| L L _ ! _ _ 002
9 JNIT :SIoyS usamiag aouelsiq Jo welbolsiH
Jequin lujod 1oys
00St 0001 005 0
[ T 0
3
B WipL 6= AP PIS o001 g
W 6g 06 = uesw w
_ _ 002
9 JNIT -sSloyg usamjag aduelsiq
JequinN juiod Joys
00S1 0001 00S 0
I T 0oc o
B N 1 — 1 -s2a
= SISy 0= Aep PIs og m.um
@
8 €0 52 = ueoul T T T fusbor einaw oM~ T T T T =
. _ g€~
9 JNI1 -uoneiqie) swli]-loys |eul
JequinN luiod Joyg
0051 0001 00S 0
| SE€0LZ = AP PIS _II—IL‘IJ —0¢€ m.um_
o
$6 52 = ueou — - T T T T Eerenamemim T T T T T o~
_ _ se=

9 INIT :uoneiqyEe] SWI1-I0yS [elly|

107



siejow

06 08 0L 09 0S (014 0g 0c ol
) T [[_L_L_L_l_.__l__l_:‘ T T _\_::_[_ = T T 0
2
B veew = —00l §
0€bz = sious feiol . .nAUu
] | | L L | | 002
Z 3NI1 sloys usamiag aduelsiq Jo EN&@Oww_I
JequinN julod 10ysg
00S1 0001 00S 0
T T 0
g%é%é%%%é?gé 3
- — ool g
7]
I | 002
£ NI :SI0yS usemiog eouelsiq
JsquinN julod Joys
00S1 0001 00S 0
I I 02 )
2
- o &
T T T T buiSbo enuw eoum _ | ce D
Z 3NIT :uoneiqied awl] -1oys jeuld
lsquinN julod 1oy
0061 0001 00§ 0
—— - . . ~—&Za
o)
—{oe &
_ ge <

Z ANIT :uoneiqieD swi]-loys [eniu|

108



JequINN Julod 10YS

000¢ 00se 0002 oomor
T I
3
B wovL /= Aep PIS — 001t m
W 2°06 = uesw (%]
_ _ 002
Z ANIT :sloys usamieg 8ouelsIq
JequinN 1u10d joys
0o0o0ge 00se 0002 00S1
T T (074 n
B B — sz3
| S£10 L = AP pPIS — — — 0¢ m
S Gl Gg = uesw uc_mlmom mﬂ_c._Elm_mcﬂ ©
Z 3NIT -uohieiqlje) swi}-loys |euld
Jequinp juIod 104ys
000€e 00se 0002 00§t
T T 0e n
- L _ — 52 &
- S/Et = Aep IS lomm
§eege = ueou BuiBBol eINUIL S10UM I

£ INIT -uoleiqijed swli]-joys eyl

109



sJsjsw

06 08 0L 09 0g oy (0] 0¢ ot
Sy
3
o
— wow = —00L §
9001 = SI0US (210} . .an
! L I _ ! _ _ 002
8 JN| 1 :sloys usamiag aouelsiq Jo EN;@Oww_T_
JaquinN juiod 1oys
0061 000t 00§ oo
3
B W Es 04 = AGP PIS oot W
W 20 £G = ueew
00c o
8 NI :SIoUS usamag eouelsiq =
JaquINN Juiod 1oys
00Gt 000} 00§ 0
~ T 0c n
psj
| S/6250= AGD IS —{oe Ww
566 42 = UBBW - - - = ~ = = “hibo eiuiuGouR - - == - -1 &
| | sg~—
8 INI7 :uoieiqie) swi]-loys jeuld
Jaquwn juiod 104yg
00S1 000} 009 0
_ I 0¢ n
| L — T _|~|_|—|I_h G2 am.w.
~ Iy
B S 126V 0= A8p PIS ~{oe &
860 62 = ueow | - - - - T T T ThsBeuiEoun - - - - - = mmnew

8 INIT :uOnEIqIED SWI1-I0YS [BMU]|



sisjsw

02

06 08 0L 09 06 oy
T I T e e g I ] 0
g
— veew = —00L §
802 = slous [eio} . .m
| | | | | | 002
6 INI|T -Sloys usamiag aoueisiq Jo Emhmcww__n_
Jsqunp juiod 10y
00S} 0001 00S 0
I T 0
ﬂn?ll(r\.f\))?.})rz?.:‘ w
B WLl p="Aep pis — 00} Wv
w66 6¢ = ueew
| | 002
6 AN :sloys usamiag aoueisig
8quinp juiod 1oyg
0061 000} 00S 0
N . TS
o)
| S¥8E0= AGP PIS —oe &
S G162 = ueew bl
_ ! g
6 NI uoneiqye) swij-ljoys |euld
rsquinp juiod 1oys
00SG1L 0001 00S 0
N o 2@
e s}
N S $8E°0 = 'AGp PIS oe mf
$ Gl GZ = uesw —
| i Ge L

6 INIT ‘uoneIqie] swi]-joys |enu|

111



slelew

06 08 0L 09 0S8 (0)4 0e (174 0]
i e U N R S s e T T 0
3
~ veew = —00}L §
219 = sioys (eiol . ,m
| | 1 | | | | 002
01 INIT :Sloys ussmiag aoueisiq Jo Em‘_@me_I
18QINN JUI0d 10YS
00S} 00014 008 0
I T 0
3
B Wz 0} = AGp PIS 004 @
Ww gg GG = uesws w
_ _ 002
01 3INIT :SioyS ussmiag aouelsiq
lequinp od oys
00S} 000} 008 0
T T 0e H
- Jl%[é 623
X
| S998L0= AP IS dog m
$¥6 2 = ueew T T T T T T buibojeinuiw eioum . T T T m
| ! qe
O} IANIT -uoneiqyed swi]j-loys |eul4
JequinN iulod 10ys
00S}t 00014 00S 0
T _ %2
| JI'FI][I\[HII]L]I G2 a
- s}
| S998L0= ASD pis Joe m
§vEvZ = ueew - - = == —soenumeom — T — — T T —| =~
| 1 Ge @

O} 3INIT ‘uoneiqie)d swtl-loys |eliu)

112



siolew

06 08 0L 09 0S oY 0e (174 ot

tH I = LE_LEE_l I :_l__l_rj‘ T T 0
g
— weew = —00L §
$612 = sious [elol =1 m

_ _ | : . _ _ 002
L1 INIT Sloys usamiag aouelsiqg o weibolsiH
JaquINN JuI0d 10US
006G} 0001 005 oo

%ﬁté?ﬁ?%%égé

L1 INIT :sloys ussmiag soueisiq

JaquinN julod 10ys

I _
g

L L
L1 3NIT ‘uoneiqie)d swil-loys |euld

JaquinN 1od 1oys

L1 INIT ‘uoneiqie)d swi]-loys |eliu|

Q U O
o NN

(s) eyey Buiny

Ve
[}

113



J8quINN JUIod 104S

000€ 00s2 0002 oomo_,
| ]
JITSNES RESSEVINVUSUISMR VRN
Q
WGERS = AGD PIS — 004 @
W €0 05 = Ueew @
L _ 002
L1 INIT :SIoyS ussmiag 8ouelsI(]
JaquIny 1uIod J0US
000¢ 0082 0002 00S1L
| I ON H
— -5z @
)
B S9G6E0 = AGP PIS dog &
S¢ £€¢ = uesw \AN
| n ge ™
L1 3NIT ‘uolieigie) swl] -1oys |euld
JaqUINN JuI0d 10US
000€ 0082 0002 00S1
T T 0¢ .l.._.._
v 1] =3
o e S5z 3
B 2
B S6EELO = ASD DIS Iomm.
S 68 £¢ = ueew —
_ _ ge <

FL INIT ‘uonelqlie] swi]-loys [emu

114



sialeWw

06 08 0L 09 0S5 oy o€ 02 oL
L _ T 1 L T T 0
2
~ veow = —~001 S
68€ = Sloys [elol . m
| | | | | | I 002
21 INI7 :SI0yS usamiag 8ouelsI(] Jo weibolsiH
JaquINN uI0d 10YS
005t 0004 005 0
I T 0
3
B w /298 = A8p pis I.OO-« .AM.
wo9g /v = Urew @
_ L 002
21 3NI1 :Ssloys ussmiag souelsiq
JaquInN 1uI0d 104S
0051 0004 005§ 0
~ T 0%
— =62 @
o P
| S 151 0= A8D PIS Iomm
S 96 ¢ = ueew —
! _ el
21 3INIT :uoueiqgie) swi] -Joys [euld
J8qUINN U104 104G
005} 0004 005 0
_ _ 02 n
- =6z d
= Aep- b
| S 15210 = AP PIs iomm
$ 96 pcC = Ueew —_
1 _ ge <

¢l ANIT ‘uoleigijed swi]-loyg [eliy|

115



slejew

06 08 0L 09 (0] oy (0] 0e o_,o
T T L] T =] T T
T :
L0
~ veew = — 00+ §
6592 = Sloys 1810} R rAAnw
| 1 I ] | | 1 002
£1 INIT :sloys usamiag aduelsiq jo weiboisiH
Jequinp ulod 104g
0061 0001t 008 0
I T 0
e e P e e el o . e p TN (l‘(.\z.—\d"\(’ — yr w
- —ool 2
b
_ _ 002 ©
£1 3INIT :S10yS usamiag aduelsiq —
1equny juiod 104s
00S1L 000t 00§ 0
T T 0c .H
— L P 41523
e
= —oe g
| ! e ©w
€1 INIT ‘uoneiqied awt] -loys jeulq
1equiny julod 10ys
00S1L 0001t 00S 0
T T 0c M_
- sz @
g -
- —Hoe B
! ! cZ

€1 3ANIT :uofeiqijed awi]-loys jemiu



Jequinn juiod joyg

000¢€ 0062 0002 oomo—
I !
i JRRYIY VYN 'Y | O WA Ay
2 ASR AL AS | JLAAA NN A0 & aunnt T Y w
@
B w8gZ = Aep pis 100t 3
wl/ g =uesw (2]
1 _ 002
€1 NI -sloys usamiag aouelsiqg
18QWINN JUI0d 104S
000€ 00s¢e 000¢ 0051
T I 0c n
- — 523
_ o)
L S /11 = Aep PIS lomm
Sg ¢z = ueow —
! _ se =
€1 INIT -uoleiqled swtij -Joys |eul4
JeaquwinN julod 1oys
000¢ 00g¢ 0002 0051
T T ON H._
N E%% MNRW
o X2
B $659 + = AGD pIs —{og B
S 9¢ G2 = uesu —_—
_ _ se®

€} INIT -uoneiqied swl]-joys [emu

117



siojow

06 08 0L 09 0s 1) o€ 0e¢ 0L
T _ _ == OO OO _ T 0
g
— veew = — 00t §
Sy = SIous ei01 . m
| | . 1 | | 1 1 002
1 INIT :SIoyS usemieg eouelsiq Jo WelBoisiH
Jequinn julod 10ys
00S} 0001 00S 0
I T 0
if(/\(/\/\/\fr\(\/\/\_.\(ﬂ.«( w
B W9 G = Aep pis —{ 00} @
w /g Gf = uesw w
_ ! 002
Y1 INIT -sloys usamiag souelsiq
JeqUINN JUI0d 104S
00St 0001 00§ 0
T _ 02 =
ol
B SE0Z L= AGP PIS dog &
S |9 $2 = uesWl m
! ! wZ
v1 dNIT ‘uoiieiqied swii-joys jeul
J8qUINN 1UIod 10yS
00S1t 0001 00s 0
I T 0¢ n-J‘J
L 4‘_L|'_|.||_I_IL|J||L|\|I Gz a3
ol
L SE0C | = AP PIs —Hog &
S |9 $2 = uesw H
| ! )

1 INIT :UONEIqIED BWIL-JOUS ey

118



s1919W

06 08 0L 09 0S oy ] 02 So
T B ] : _ =T T T
Iy ;: 3
Q0
—~ weow = —00L §
8112 = Sioys {ei0} A .nAn.w
| | | — | ] | | 002
G1 INIT :sloys usamieg souelsiq jo weibolsiH
Jaquin juiod 10ys
00St 0001 005 0
~ T 0
TT 4 —_.r_.k | J¢ rL.ITT.TJ,\LI\"*livII’-ﬂ” v E‘F\l&r‘?’f‘ﬁ?‘l@‘)‘\# 3
- oot 3
@
_ _ 002
G 1 3NIT :sloys ussmiag souelsig
JaquinN ulod 1oys
006G} 0001 005 0
_ _ 0z n
. i I o B o B e B S L
D
- ~{oe 2
! l e
G} 3INIT ‘uoneiqgiied swl] -loys |eul4
JaquinN uiod 104s
0051 0001 005 0
_ % o

I !

o W (R SN W =)

__r Er%mmm
o)

—{oe 2

g€~

g

L INIT -uohieiqie] swl]-loys [emu|

119



JequinN jutod ioys

000€g 00se 000¢ oomor
I [
%sk’*l\tl&]é’ it -t m
B W ii0 Y = AGp pIs — 00} m
w90 15 = uesw @
: _ 002
S} INIT SI0YS usamiag souelsig
18QUINN JUIOd 104S
000€ 0ose 0002 00S |
: _ 02 o
N 0 e Y I 13
) o
| 61 = Aep PIs Hoe &
$ 1962 = Ueew —
] | Ge L
1 INIT :uoleIqeD swi]-loys [euld
J8quINN julod loyg
000¢ 00se 0002 00S 1
= % Gz a
- . oY)
| 8280 | = Aep Pis —oe &
8 /0 ¥Z = ueew —
! 1 Ge L

G INIT ‘uoneiqie] awl]-Joys jeniu|

120



SJojow

06 08 0L 09 0S oy 0e 02 (0]
T T _ EEEEC:E_\_EEEEAL I _ 0
3
— veow = —00t &
GL€ = Slous elo} . m
_ _ _ _ _ _ _ 002
91 3NI7 -sloys usamiag aouelsi Jo Em._mOHw_I
jaquinN julod loys
0061 0001 00S 0
I f 0
%«’\/)4?\[\1( w
B w6 = ABD PIS ~ 004 &
Wz 9y = ueow @
_ _ 002
91 3NIT -sloys usamjag aouelsi
JsquwinN juiod 1oys
00S} 0001 00S 0
T T 0c T
— ST —r v L G2 nW
| S G09¥ 0 = A6p PIS —oe W
o©
$ 86 ¥2 = ueow 7 bulbbol einui eoym -
| I 41>t
9} INIT ‘uolieiqied swl] -10ys |euld
Jequinp Juiod 1oys
00S1 0001 00S 0
I T ON M_
— L — L — Za
2
| $509% 0= A6p PIs Joe mf
586 v = ueeu | _ —  ~ puBbosnuieiolm — T T .o

91 JNIT :uoleIqEeD SWI-10yS [eniu|

121



Ssiolew

06 08 0L 09 0s ov oe 02 (o]
T T ST T _|_E P T [:E 0
8
B ueew = — 00} %
9EVE = SI0Us 1B10} L m
| | | | _ | | 002
Z1 INIT :sioys usamiag aoueisiq Jo welbolsiH
Jaquinp lutod 10ys
00S} 0001 005 0
] T 0
o B} e s S T R jiffll’]l.\u?l\éé%‘! 3
- —{oot 2
@
L _ 002
Z} 3NI1 sloysS usamiag souelsi|g
Jequinn juiod toys
00S} 000} 00S 0
T T ON H
lIl.lr'JJL LT _|_\|_!!L|,|L|_f_l|_ =
- E =lsz 3
s}
- —{oe &
1 _ e
Z1 3NIT ‘uoieiqie) swi] -ljoys jeuld
JequinN julod joys
0051 0001 00S 0
_ : 02 m
= Lo A
s}
- —{oe 2
_ _ gl

Z1 3NIT ‘uoieiglie] swi]-joys (e

122



J19qWINN UI0d 10US
000€ 0052 0002 005}

Z1 JNIT ‘sloys uaamlag aduelsiq

JequInN Jutod lous
000€ 0052 0002 005}

_ 1 5e =
Z} ANIT -uoneiqyed awl] -joys [euld

JequINN Julod 104yS

Z1 INIT ‘uofeiqgie) awl]-oys [eniu|

123



JequInN juiod 104s

00SY 000% 00Sg 000¢
T T 0
N :_éi + 3
- 3
B Wwe/69= Aep IS oot @
W gz 6v = ueew w
L _ 002
/1 3NIT :SI0yS usamieg aduelsiq
Jequiny julod 1oys
000GV 000V 00s¢ 000¢
= L] S
ol
| S bl = AP PIS Joc &
S 96 ¢T = uesl M
I _ ge <
Z1 3NIT -uolieigiied awl] -l0ys jeut4
JequinN juiod loys
00SY 000t 00S€e 000¢
I T 0c m
, LT T e
)
B S8 | = AGD DIS Jog &
S 6/ £C = ueelt M
_ _ s ©

Z1 3NIT :uolieiqljed swil-1oys [eniu|

124



slejew

06 08 0L 09 0S ov 0e 02 ot
T _ =TT EeHOEOO e T T F 0
3
Ke)
— veow = — 001 %
61v = Sioys fejo} . 'AAUJ
! _ : : _ _ L 002
81 INIT :Sloys usamiag aduelsi( jo weiboisiH
Jaquinp juiod 10ys
00St 000t 00S 0
| T 0
3
B W /586 = Aep PIs — 004 m
w G 6y = uesw (7]
_ _ 002
81 INIT :sloys usamiag aouelsiq
J1aqunp Wiod Joys
00st 000t 00§ 0
T T 0c HJ.._
i L, 2
D
| SEEO | = AP Pis loe B
S 2/ v2 = uesw m
_ : e
81 INIT ‘uone.qiie)d swi]-10ys |eui4
J1aquwnn uiod 10ys
005+ 000t 005 0
T T 0c M
6z 3
X
SEED | = AGp PIS -Hoe 8
S 2/l 'v2 = ueew M
: ! se &

81 INIT uonelqie)d swi]-loys [elu]

125



Sigjsw

06 08 0L 09 0S oy 0e 0e (013
T T AEEECC:: :ECEEEr_r T T I 0
| 3
- wow = ~HooL€
0E9 = SI0ys |ej0} . oﬂAUU
! ! _ | ! ! _ 002
61 INIT :SIoUS usamiag souelsi Jo WwelbolsiH
Jsquny julod joys
00S}t 0001} 00S 0
T T 0
3
B wes's = AGp Pis —1004 @
w 1gegg = ueew (7]
| ! 002
6} ANIT :SloyS usamisg souelsi(
19qUINN Julod 104S
00S}t 0001 008 0
- sz 3
o)
B S6YEZ 0= AOp Pis —{og &
S 60 £2 = uesw ml
_ ! s
61 INIT -uolleiqgied swl]j -1oys |euld
Jaqunn juiod oysg
00G1 000! 00s 0
_ _ 02 o
-/ /1 5
- sz 3
ol
| SG0ES 0= ASp PIs Jog &
S Gg g2 = uesw M
_ _ s ©

6} INIT -uoneiqie)d swl]-loys [ellu]

126



si919wW

06 08 072 09 0s (0)4 0e 14 (011
T T + r.__L_L_I_C_l__l_E_l_E_I_EE[[ T T T 0
3
a
B veew = —1 001 %
24 = SI04s (210} . .m
| 1 | | | | | 002
02 INIT -sioys ussmiag aouelsiq jo Emgmoww_I
laquwinn Julod 1oys
00§} 00014 00§ 0
I T 0
\/\#\(05\(,\/\,\/7\/;.»){(\4&,\/\/\/\1\‘/\(5(/\( W
B WEZ6 b = "AOp PiS -1 004 @
w9/ 06 = ueew @
| ! 00¢ ~
02 INIT :sloys usamiag aduelsiq S
18qUINN 1utod 104ys
00§t 0001 00S 0
_ _ 0% n
— T — —— sza
2
B SE0L0= A6 Pis Iommm
Seeve = ueew ~pinbBoj STULTBIOUR T -
0Z dNI1 -uoneiqye)d swij -loys jeul4
Jequinp jutod oys
0061 0001 00S 0
_ _ 02
| L — — 4623
o~ 2
| SE0L°0= A6p IS lomw
Seeve = ueew | ) ~BinBBoi SUILTBOUR | e Z

0¢ 3INIT -uoheIqiie) swi]-loys [entul



sJjejpw

06 08 0L 09 0s ov 0] 0¢ ovo
F I R =R C:EEE T T T
| ]| 3
— weew = ~00t §
668 = SIous [B10} . .Aw
_ _ _ ! _ _ 002
12 INIT -sloys usamiag aduelsiq 40 Em._moﬁw_I
JaquinN juiod 1oysg
006t 0004 008 0
I _ 0
..I)L.lr!lf o k Y AWU
B Wz ol = Aep pIS —~ 00} m
W £6 GG = uesw w
_ L 002
12 JNIT :SIoyS usemleg souelsiq
JaquinN juiod 1oys
0051 0004 00S 0
T _ 0
| || _ [ L _f_|_||_ sz @
o)
B S892Z 1 = AeD Pis dog &
$29 v = ueew H
! 1 se L0
I¢ INIT -uoneiqied swi| -joyg [euld
JaquinN juiod 1oys
00S!t 00014 00S 0
I T 0e HJ,._
~ | ] _ [ r_||_|_ sz 3
2
| S92 | = Aep PIs —oe &
S 29 v2 = ueew H
| ] ce @

L2 INIT ‘uoneiqied awl]-loyg jeniy|

128



sialsw

06 08 0L 09 0S (0)4 0¢ 0c (0]
T T == OO OO O OO oo === T T 0
@
o
B weew = — 00l §
V¥ = SI0US (2101 . .Aw
_ _ _ _ _ _ _ 002
22 NI sloys usamiag aouelsiq Jo Em‘_@Ouw_I
18QWINN U104 104G
00G1 0001 00S 0
I T 0
§/>}r - ‘37_‘—.— \)é\%\l\/\( w
B weeg= Aop Pis — 00 @
w6y 2 = ueew @
| ! 00z
22 ANIT :S10yS usamiag BouElsIq
J8QUINN 1UIod 104S
0061 0001 00§ 0
b —_—  — [ ] G2 Rmu
s}
u $989€ 0= AGp pIs oe Nw
§ 20 G2 = ueew TBuibBo; enuiw ejoyMm . ™
_ L se~
¢¢ INIT ‘uoneiqie) suwtij-loys euld
JaqUINN 1u10d 1oyg
0061 0001} 00s 0
: : 02 o
s )
| $989€ 0= AGp pIs -Jog m
$20 e = ueew! TBuibBo eluiui oM. ~
_ _ se~

¢¢ JNI1 -uone.iqie) swi]-loys [eriu

129



siolewW

06 08 0L 09 0S o 0e 02 ol
i I MO I I : 0
3
B wew = —00L §
P12 = sjoys Jeioi . .Am.uv
! _ : : : _ _ 002
€2 JNI1 :sloys usamiag aouelsiq Jo welibolsiH
laquinN WIo0d 1oYys
00G 4 000} 00S 0
] T 0
Iaaeanmms S VSRR e AU w
B Wwes = AGP PIS — 001 M
w g 2g = uesw w
: _ 002
€2 JNI :sloys usamiag aoueisiq
JaquinN 1i0d 104S
0051 0001 005 0
] T oc )
o — 623
s
- SGAZY 0 = A6p PIS Joc B
S G2 = ueew n
: _ e
€2 IANIT -uoneiqie)d swij -loys |euld
JequInNN 1UI0d 104S
0051 0004 005 0
: _ 0z m
n —1_—623
= oyl
- $G82P 0 = Aep PIs Jog m
S G¢ = ueew °
: _ ge &

€¢ ANIT ‘uone.iqie) swl] -loys jeiluj

130



sigjow

06 08 0L 09 0S or 0€ 0z ok
T T .ﬂ[.LE.LEEEEEECCEECE == T T 0
g
B e =y oot g
€39 = slous (ejol . rm
| ! ! : : ! : 002
¥2 NI :Sloys usamiag aouelsiq Jo weibolsiH
laquwnp juiod loys
00S} 000} 00S 0
T T 0
(.\;fiﬁl\ib\/ﬁ((l\g/\/\(/i%‘i W
T wyv9g = Aep pis — 00} ww
w /g'0S = uesws (7]
_ _ 002 —
¥2 JNI1 :sloys usamiag aouelsiqg %
tequiny juiod jous
005t 000} 005 0
- —— T % 3
o)
| SGYZ6 0= Aep PIs loc B
S 6C G2 = uesw \A.-F
_ : se
¥2Z ANIT ‘uoneigleD swi]-Joys jeul
1equinN juiod 1ous
005} 0001 00S 0
B |||_|~J,l_l|lq||\l—||_\|! Ge m
2
- SGPC6 0 = Aep pIS oe B
$ 6¢ G = ueew \A.-W
: _ se &

¥2 INIT uoleIqied Swi]-1oyS [eniy|



siajaw

06 08 0L 09 0S o 0€ 02 ot
m T L[ECEEEE_v_:::_r _r_ T ::_,._:EEEE%[ e T 0
3
L0
— weew = —001 §
965+ = SIoys [e10l . ,nAuu
| ] ] ] ] | | 002
G2 JNIT :sloys usamiag aosuelsiq o weiboisiH
1BQUINN JUI0d 104S
005+ 000+ 005 0
T T 0
3
- —ooL &
b
| _ 002
G2 INI ‘sloys usamiag adueisi|
18qUINN jUI0d 10YS
00G} 0004 005 0
T T (4 o
- — [ T ed
20
— —Hoe B
_ _ e
G2 INIT -uoheiqied swl]-loys [eul
JaquinN u1od 10ys
005} 0004 00$ 0
_ . 02
I ey T ey, T ey, T ey N e T e W s TN S B p s 1 rrjjlﬁ’l ]
o)
- —oe B
! ! e

G¢ IANIT ‘uohe.qiied awi]-loyg [efiu

132



J18qUINN JuIod 1oys

000€ 00s2 0002 oomo—
I T
Yoo, 2
B wey.L8 = Aep PIs |OO—. m
w /G |G = ueew [72]
_ _ 002
G2 JNIT :Sloys usamiag aourisiq
18qUINN U0 104S
000€ 00S2 0002 00514
1 _ 02
| sz 3
- ; 2
o $969L0 = A8p PIS oe W
S 11 €2 =ueew —
_ _ se <
G2 INIT ‘uoneiqe) awlj -loys |eul4
18qUINN JUI0d 104G
000€ 0052 0002 00S L
: _ 02 -
- ¢ YT
- . )
N Sl L= Aep IS lomw
S |18 £2 = ueew 2
_ _ e

GZ INIT -uoieIqled awl]-l0ys [elu]

133



sielaw

06 08 0L 09 0S ot o€ 02 o_o
3} T LE[JLEEEE:_l_ MO===""" T e
0 3
— weow = — 001 M
289 = sloys (ejol . .m
l _ I I | _ 002
92 INIT :sloys usamiag aouelsiq Jo welboisiH
Jaquinp juiod 104ys
005t 000+ 005 0
| T 0
3
B wegL el = Aep pis —{ 00t g
w9z €6 = ueewl w
_ _ 002
92 3INIT ‘sloys usamiag aouelsi(
JBquINN uI0d J0Ys
00G#H 000+ 005 0
_ . 02 -
n . L zad
)
 _ S v¥91 0 = Aep pis _ OMU w
S 90 G¢ = Ueew H
_ ! cZ
9¢ INIT :uoneiqgied awl] -joys jeut4
18QWINN 1UI0d 10US
00S1} 000+ 005 0
T I 0e M
L . o]
_ o)
| S ¥¥91 0= Aep pIs | OMU m
S 90 G¢Z = ueew —
_ ! O

9¢ NI -uonelIqiie) swi]-loysS (emu]

134



Sislow

06 08 0L 09 0S ov 0e 02 ol
T _ e EEEEE_\__I_:EEEEEE,T[ _ T 0
8
B veews = — 00} §
22y = sjoys [ejo} . ,nAnw
: _ : : , | * 00z
82 JNIT :Sloys ussmiag souelsiq Jo welboisiH
18qQWINN ulod loys
00S}H 0001 00S 0
] T 0
xﬂﬁv‘}%t!\(,)\/\é%\/é w
B W epy'9 = A6p pis — 001 m
w g0/ = ueew! w
_ _ 002
82 JNIT :SI0yS usamiag aouelsiq
Jaquinn juiod oys
005! 000} 00S 0
T T 02 o
- |||._|a|||.|_||l_|..|.||l|.lxll Se .W
X
- S881G 0= Aep pIs B OM .mw.
S 66 $¢ = ueew \9.%
: _ se &
8¢ INIT :uoneiqied swi] -10ys |eul4
lequiny julod loys
005! 0001 005 0
_ : 0z o
| . — T 623
)
| S8BIS 0= Aep pis | Om ww
S 66 ¥¢ = ueew M
! _ ge &

8¢ INIT ‘uolieiqye) swi]-10yS [eliu]

135



sielsw

06 08 0l 09 0S oP 0e 02 oL
T T [EEEE:E ¥ T T T 0
F:
I~ veow = —{ool €
/1 = S10ys [e10] . :AW
| L | | | | | 002
0€ INIT :Sloys usamiag souelsiq o weibolsiH
lequinN juiod Jous
00S} 0001 00S 0
I T 0
HH 3
B WiES = A6p IS — 001 m
wege /G = ueew 1%2]
_ _ 002
0€ INIT ‘sloyS usamiag souelsiq
JequinN juiod 104s
00StH 0001 00S 0
I T 02 T
| |H||L 23
o)
| SY¥62T = Aep pIs doe 2
S 68've = uesw \Mo/
L _ e
0€ 3INIT -uoneiqle) swif -loys jeuld
JsquinN Juiod 1oys
00S1 0001 00S 0
! e
= o)
| S$622 = AGp pIS Iomm
S B8 ¥Z = uesw d

0€ INIT ‘uoheiqle] swl]-joys [eniy|

136



Siejow

06 08 0L 09 (0% (014 (01 0c o—o
T 1 AIEECE::: E:EEE[[ =T I T
| 2
B ueew = — 001 %
25 = SI0US [el0} . .m
_ 1 _ _ _ 1 _ 002
Z€ 3INIT -sloys usamlag aduelsiq Jo Em‘_mowm__n_
Jaquinp juiod joys
00S1 0001} 00S 0
T T 0
\(éhﬂ‘(o)-\&\r\(/\/\/\/\/}\(\/\/\/\&’\v‘_v;\* W
B wygLG= AP PIS loovm
WwGe |G = uesw w
! _ 002
2€ dNI7 ‘sloys usamlag asduelsiq
JaquwinN juiod joys
006G} 0001} 00S 0
T I 0c n
o ¥ 523
- g H
N S1esv 0= Aep pi 0g W
S 68 £Z = uesw —
_ _ ge ©
¢€ INIT -uoneiqie) swi] -loys [eul4
JsquinN juiod oys
00S1 000! 00S 0
T T 0c n
é 23
_ 2
$Z1L0= ASp PIs —oe 3
52 bz = ueow —
| | ge £

¢€ INIT -uoheiqie) awil-loys [eru]

137



Sislew

06 08 0L 09 0S [0)4 (0] - 0e ol
" _ LI Iy T _ o
3
B veow =, —oo1 g
869 = Sloys Jelo} . .m
] | ] | | | | 002
€ ANIT :sloys usamiag aouelsiq Jo Em;mouw_I
18quwinN juiod 1o4ys
00G 1 0001 00S 0
T T 0
2
B WELY G = ABP PIS loo—w
w g6 0G = uesw
L _ 002
£ INIT :SIoys usamiag aduelsiq
Jaquinp juiod 1oys
00S1 0001 00§ 0
T T 0c iy
B s — _— =)
— sz @
o)
| S 19/60= Aep PIS Jog &
8 /0 £2 = ueew N
€ INIT ‘uoneiqyed swl| -1oys |euld
18quINN 1utod 1oys
0061} 0001} 005 0
_ _ 02 o
- ]
o)
B SPGB0 = ABP PIS oc B
s gl €2 = uesw \m
| 1 56

¥€ 3INIT ‘uoneiqiied awl]-Joys jeniu|

138



siejow

06 08 0L 09 0s oy oe 0c
& | = %DCE_L:::::ECEE[ — 1 I I
I ueew =
6EG = sloys (ejo) .
| | ] | | | |
9¢ NI :Sloys usamiag asuelsiq jo weibolsiH
Jaquwnn Juiod 1oys
00s| 0001 00S
T I
Er\r }
T
B weet 8= Aep pis
w gl €6 = uesew
| 1

9 INIT :sloys usamjag aduelsiq

Jequnp juiod 10ys
0051 000} 00S

139

S €E8L 0= A6D PIS
$20 €2 = ueBW
1

1

9€ INIT ‘uone.qie) swif -joys (euld

Joquin u1od 10ys
005t 000} 00

(=]

(o]
Y]

S 80¥9 0 = Aep pIs
$ 86 £2 = UeBW
|

wn
(3}

(o]
(2]

(s) eley Buuiy

Yo}
(o]

9€ INIT ‘uoneIqlie] sw!]-loys jemu)



siejew

0S o 0e 02 oL

06 08 0L
T I = T T T T 0
2
— veew = —00L §
1€2 = si0us |eio} - ..m
| _ _ : - L 002
8¢ INIT :Ssloys usamiag aouelsiq jo weibolsiH
Jequinpn julod oys
0061 0001 005 0
T I 0
P — A PUNPING RO 3
oo &
B wggo e = Aep pis QO— m
w /6 0G = uesw
_ : 002
8€ NI :S10YyS usemiag aouelsiqg
Jequinpn julod oys
0061 0001 00S 0
. T 0z T
i —_— Il — —r—— —|%%3
X2
| S P61G 0 = ABp PIs | Qm” nlw
s 2} Gg = uesw \n.'ﬁ
+ : ge <
8€ INIT -uofe.iqle) swli| -jo0ys jeuld
J8quInp julod Joys
0051 0001 00 0
' I 02 -
| EJII—J}L‘JLIJI(\H\H mNm
2
- S8196 0= Aep pis loe 2
S bE G2 = uesw N
! _ ge =

8€ INIT ‘uone.iqie] awii-loys [ewiu]

140



sielew

06 08 0L 09 0S oy 0oe (014 (1%
i =P T EEEE:CEI T _ T 0
2
- wou =, —H001 g
862 = sioys [ejoj . 'm
| | ) - | | | | 002
o INIT :Sloys usamiag souelsiq Jo welbolsiH
J18qUINN U104 104S
005! 0001 005 0
T T 0
2
B WG 11 = AGD PIS —| oot ]
wgl g6 = uesw [72)
| _ 002
Ob INIT :SI0YS usamiag eouelsiq
18quINN U104 104S
0051 000! 005 0
0 : 0z
u szd
R
| s2ghE= ABD PIS lOm”mw.
38 g€ 82 = uesw H
_ _ se
Ot INIT -uonieiqye) swi]-joys jeuld
18qUNN U104 104S
0051 0001 00S 0
_ , 02
| T ]
e
| S/yv E= A8D pPIS ] OmU .Duw.
S 6G 9¢ = uesw M
_ se ¥

|

O¥ INIT ‘uoieiqied swi]-loys |eniu)

141



siejow

06 08 oL 09 0s ov oe 02 ol
T T =g I :::_IEE =T _ _ 0
3
o0
— weow = —00L §
LPEL = SI0YS {ejo) . 'm
_ Nl _ U1 ! L L 00z
2v INIT :sloys ussmiag aouelsi( jo weibolsiH
JequinN juiod 1oys
00S1t 0004 00S 0
— T 0
- 3
B Wz/Z b= Aep pis 1™ W
W p/ 26 = ueew
1 _ 002
2 JNIT :sloys usamiag souelsiq
J8qWINN JUI0d 10YS
005} 000} 00S 0
T I 02 o
B e ]P[.JI -
- i [ e B eI o2&
2
| S /€0 = AOD PIS —Hoe &
$ 22 ¥2 = ueews M
_ _ se =
¢¥ INIT -uoneiqie) swij -joys jeul4
18qWINN JU10d 10YS
005t 000} 005 0
T T %
- — T LT | | T L eed
X2
| SESH 1= Aep pIS —{oe &
S €6 ¥2 = Ueow —
! ge®

I

¢y INIT ‘uoneiqie) swil-joys |eniu)

142



siejews

06 08 0z 09 0S ov 0e 02 ot
T T POO9 T TTTTomITE — ™ T T 0
2
~ veow =, ~{00+ S
9€Ct = sious |eio} 3 .AM
- _ . L _ _ _ 002
¥ INIT :Sloyg usamiag aouejsiq o wesbolsiH
JequInN 104 10us
00S} 0001 00S 0
I ] 0
0 3
B wgeg ¥ = A6p PIs —~ 00} m
wgo 1§ = uesw w
: _ 002
¥ INIT :sloys usamiag aouelsi(
Jequinp juiod loys
0051 0001 00S 0
T T 014 By
- é%dl\lr 5z m
o)
= S {9€ | = A8p pis Om" w
898 ¥ = ueews o
_ ! e e
¥ INIT -uolieiqie)d swi] -Joys jeuld
lequnp julod loys
0051 0001 005 0
T T 0c o
[ . Lo ]
o e]
| SE€/ZC= Aep pIs 1 oe Y
S B/ SC = ueels \m

¥ INIT ‘uoheiqied awij-1oygs feniu]

143



siejew

06 08 0L 09 0S oy 0] 0c ot
_ T =TT T T T T _ T 0
2
- wow =, oot €
0814 = sloys jejo} . lAw
| 1 1 L | | | 002
9% JINI :SIoys usamiag aouessiq 4o welbolsiH
JoqUINN 1UI0d 104S
0061 0004 009 0
T T 0
f)»lx?fri\\l!ll})s}#llL{'\lI!l}t}\cllz{fz\tﬁi — iy 3
- e
B wgegz= AeD pIS 001 m
wge i = uesw
| _ 002
9% JINIT :SI0US usemiag aouelsI(
18qUINN 1UI0d 1043
0061 000} 00§ 0
| %‘]ﬁ gz a
o)
| $61€90= ASD PIS oc B
s 96 €2 = UPow bl
9% INIT :uoneiqyed swi] -joys jeulq
18QUINN 104 104S
0061 0001 008§ 0
o : 02
- i[g? sz a
o)
B SELE9 0= AGD IS Jog &2
S 96 £2 = uesw M
| ce «

|

9% INIT ‘uoiieiqlied awi|-joys [emu|

144



sielews

o€

0¢

06 08 0L 09 0S5 ov
T LA N e ity :E_'_Eﬂn.r r T T 0
8
— veew = ~00L §
6044 =8l0ys [e1ol rnAUu
: L : : _ _ _ 002
8 JNI1 :Sloys usamiag aouelsiq jo weiboisiH
18qWNN Juiod 104s
00S1 000! 00§ 0
I T 0
_ ot b e i e gl 2
B Week §= AGp PIs ~{001 W
wGh $G = uesw
: : 002
8 INIT :sloys usamiag aduelsiq
JequinN juiod 104s
00sSt 000t 00S 0
! . 02 m
— JR— | | - I 1 LLJLI_I.L% ] —S2 .W
| SEP | = Aep pIs _ _ lomwuw
868 2 = ueew d
: _ se®
8% INIT -uofieiqied swij -10ys |euld
Jequnp juiod loys
00S1 0001 00S 0
T T 0c n
B % —H6za
- T
- SEP | = ABp pIs |O®m
S G8 ¥2 = ueews d
_ ! ge <

8Y ANIT ‘uoHeIqye] swi]-loys [eriu]

145



sisjew

06 08 0L 09 0s ot 0e 0c ot
T T cEECEEL‘:n_Cé_M_:E[ T T T 0
=+
2
— veew = 001 §
089 = sious feio) . ,m
| 1 | | ] | B 002
0G 3INIT -sloys ussmiag aouejsiq Jo Em\_moﬁw__._
JequInN julod 10ys
00S1| 000!t 00s 0
T | 0
j‘%{jl;}}‘l\(\*l’ﬂ! W
B W /096G = Aep pis —1004 m
Ww /2 $G = ueews @
! ! 002
0G NI ‘sloys usamiag aduelsiq
lequinN juiod 10ysg
006G} 0001 00S 0
_ , 0Z o
- I T O I A = T B
20
| /91 L = Aep DIS Joc
38 ¥g8 2 = Ueew m
_ _ ge*
0S IANIT ‘uoneigie) swij -loys |euld
fsquinN julod loys
00st 0001 00s 0
T T 02 o
= S L e Y I O A B o A O I B £
)
B $791 4= Aep pIs Jog &2
S v8 vZ = Ueow 2
_ _ ge ®

0S 3INIT ‘uoneiqiied swi]-joys [ewu|

146



siolew

oe

0z 0

06 08 0L 09 0s ov
T T JL[[E_IF._:D:_LE_(_CECEEEE[{ T T 0
2
— veew = —00t §
£0G = SI0US [E10} . .m
_ - - : L _ L 002
2G INIT -sloyg usamiag aouelsiqg jJo Em._moww_I
18qWINN JUl0d J0YS
0051 000t 00s 0
_ T 0
}g%\/\/)\% w
B wese 9= Aep pis -Joot g
w |8 0g = ueew 7]
: L 002
2S INIT ‘sloyS usamiag aouelsiqg
18qWINN Juiod Joys
00G1t 000} 008§ 0
T I 0¢ n
— =
| -{szd
20
| S0P 0= ABD PIS Joc B
S 1/ €2 = ueew 3
- ! se e
¢S ANIT ‘uoneiqie) awl] -Joys [euld
l8quinn Julod oys
0051 0001 00§ 0
T T 0c .H
)
| 3609 | = 6D IS o B
s 82 v = uesw H
= L e

¢S ANIT ‘uoneigied swi]-loys jeniu)

147



sieleWw

06 08 oL 09 0S ot 0e 0z oL
- _ R £:H | _ _ :
— weows = . —00t
967 = SI0US elo}
| ] _ | | I 002
S INI1 :SIoys ussmieg sdue)siq jo weiboisiH
1BqWINN Julod 1oys
00S1 0001 005 0
_ I 0
e — e
| — 001
walLe= Aep pis
w ey 0G = ueew
_ 002

¥G INIT -SI0YS usamiag aduelsia

laquiny Jutod loysg

00St 000! 00S 0
I T 0¢ ..._IJJ
. sz d
0
| S/¥6900= AGD DIS Joe &
S g2 = vesws H
L L se

vS INIT -uoneIqiEeD dW! ] -Joys |euld
18qWINN JUI0d 104S

00§51t 000t 00S 0
T T 0c n
LI ey W sy W B SH B N e SN e R s e
- 52 @
~ 20
| SE5P90 = AGp pIs ~oe B
s /p €2 = uBOW —
| | e e

G JNIT :UoNEBIQHED SWI]-JOYS [BNiU|

Aouenbey

148



sigjsw

06 08 0L 09 0S oy oe (174 oL
T T T [r_: it _n_r. T T T 0
2
— veow = —00t §
914 = SI04S B0} .m
_ _ _ f ! _ _ 002
95 JNI7 :Sloys usamiag aouelsiq Jo weibolsiy
18QUINN JUIOd 10YS
006G} 000} 00S 0
I T 0
i{fr\i%léaj el e 4!\.+|Jrl‘l_v| 3
@
B WEyEE= AP pPis —{ 00t @
w gl 0G = ueew w
! _ 002
9G INIT :SIoys usamiag souelsiq
J8QUINN JUI0d 10YS
0061 0001 00S 0
T T (V4 n
— — —H 8@
=)
| S€8250= Aep pIs dog &
S B¢ €2 = ueslWs \w
_ _ ge =
95 INIT :uoneIqIeD Bwi | -loys [euld
18QUINN JUI0d 104S
00S1 0001} 00S 0
- E‘TJ e e B B g 177"
2
. 39,560 = A8D pis —Hoc &
s 2l €c = ueew H
| | se L2

9G INIT ‘uoneiqle] awll-loyg fentu|

149



siejew

06 08 0L 09 0s oy oe 0c )]}
T _ _ EE_l_C M =001 T T 0
|_ 8
B ueew = — 001 nnv
2911 = sloys [elol m
_ 1 | | | ] 1 | 002
86 3ANIT :sloys usamiag aouelsq Jo weiboisiH
Jequinn jutod 1oys
006Gt (0]0/0] 8 00S 0
T T 0
- <: .—1 e + - L a0 v ?_uﬂ o fr r ] 3
@
B WYEE €= ABP PIS IQOFW

wagl 15 = ueew
] 002

8G INIT ‘Sloys ussmieg aduelsiq

jequiny Julod 1oys

006!} 000} 00S 0
_ T 0 =
i S w.
— -G @
o )
| $21220= Aep Pis — 0€ W
8 6 £2 = ueew —
_ _ se =

8G9 IANIT :uolieiqiied swi]-joys [euld
18QWINN JUI0d J0YS

00St 000t 00S 0
1 ] 02 o
| po B
| [ s TN e I mns I s SES s T man AU s BN sy O L oI dez@
)
B S9YGL 0= Aep PIS —~ 02 Wn
$ /¥ ¥Z = ueew —
| 1 e &

8G INIT -uoneIqiied sawil-loys eniu]

150



siejew

06 08 (074 09 0s ot oe 0c (413
T T == _HEF#: ﬁTE T T T 0
| =
o
5 wow =, —Hoo1 g
/66 = Sloys [elo} . raAUu
] | | | | | | 002
09 INIT :SI0yS usamiag asue}si Jo wesbolsiH
18QUINN U104 1043
00G1 000t 00S 0
T T 0
F
B wezg e = Aep pIs -1 004 @
w g9 g6 = uveew w
_ _ 002
09 3NIT :sloys useamiag sduelsig
JaquinN uiod 1oy
0051 000t 00§ (¢}
T T 02
—_ =
| o sz
e
B $6202 = A6p PIS Jog B
S 10 vZ = uesw N
1 ! )
09 INIT ‘uoneiqled swij -1oys eut4
Jaqwnn juiod loys
006Gt 0001t 00s 0
T T 02 n
w.
- —HSC @
o)
| S/96 1 = Aep pIs dog &
S 16 2 = vesw n
_ il e &

09 3ANIT

:uoleIqHBD BWIL-10yS (B

151



si1elew

06 08 0L 09 0s oy o€
[ uesw =
G18 = sloys |ejol .
1 1 L 1 ] l

(=]
=
Aousnbeyy

5]
«

19 INIT :Sloys ussmieq eduelsiq J0 we.sboisiH

JequinN o4 104ys
00614 0001 00§

I T

I }isi???i%if}%

WGky 8= AGD DIS
w ey 6¢ = ueew
|

19 JNIT :SIouS usamieg 8ouElsIq

18quINN Julod 104y
005+ 0001 005

152

o

S 98160 = Aep PIS
S €8 ¥2 = ueew - - T T T T T T TbubBoenuweoym |

19 INIT -uoneIqyEeD W] -10YS [euld

10quInN 1UI0d 104S

00651 0001 00§
T |
| $88i60= Aep PIs
S €8 92 = veew . e

19 INIT ‘uoneiqied ewi]-10ys |BRiu|



siejew

06 08 0L 09 0S oy (0] 0c ol
T T [E[EEEE_I__I_:_‘_E:_I_E_LE[[ I T T 0
2
— weew = — 00t §
G6¥ = SI0US B0} ) .Anu.v
] | | l 1 | | 002
29 3N :sloys usamiag aouelsiq o weiboisiy
lequinp julod 10ys
006G} 0001 00S 0
I T 0
a
B WOl = ASp IS - 00t o
W ge €6 = ueow @
] | 002
29 JNIT :S10yS ussmieg aduelsiq
l8quiny julod 1oys
0061 0001 00S 0
T T 0¢ n.._...
- ‘J‘.'[!‘\'\JJ_I\_’_I'F_‘.—ll (o1 m
o)
| $620 1 = ABD DIS dog m
8 | G2 = ueew | ¥ mc.aaa.o&:.:.ﬂ.a..o% mm” m
29 INI7 -uoneiqgie)d swij-j0ys jeud
Jequinp juiod 1oys
00st 000t 00S 0
T I 0c .M_
i e 1 ] el
o)
B $G20 } = Aep pIs lomm
S ¥i G2 = urew BuiB6of SINUILL B|oUM w

¢9 NI ‘uoneigiie] awlj-joys femul

153



siejew

06 08 0/ 09 0S oy (4] 0c (1]
I T T :E_L T T T 0
3
o
B veew = -1001 §
029 = sloys (elol . .m
| | ! 1 | | | 002
£9 3INI|7T -sloys uasamiag aduelsiqg Jo Em._moum_I
10quInN julod 1ous
006G} 0004 00§ 0
T I 0
#.zﬁ + | La:..i&ﬂfl\«f\l» 3
@
B W Zeg 2 = AGP PIS — 001 M
w oy 2 = uesw @
_ _ 002 <
£9 INIT :SI0US usemag aouelsiqg pal
Jsquinp juiod oys
0061 0001 008§ 0
T T 0 m
n B ——— N 523
20
| S 1420 = AGp IS 0e 2
566 £2 = Ueow il
! _ e
€9 INIT ‘uoneiqge)d swli]-loys jeui4
lequnN Juiod loys
006Gt 0001t 00S 0
_ _ % n
2
$25Z 1 = AGp pIS —0¢g w
S G0 v = uesw ™y

]

€9 IANIT -uonelqiie] swll-1oys [emu



S18jew

06 08 0L 09 0 (0)4 (0] 02 ot
T T I =)= T T I 0
3
— uesw = — OO— nn,.
8v1 = sioys |ejol . .m
| { _ 1 | I I 002
9 JNIT :Sloyg ussmiag aourlsiq Jo welboisiH
Jaquwnp Wiod loysg
0061 00014 00§ 0
T T Y
'l‘r\l’»t’lll\llt
3
B Wwggg L = Aep IS — 001 m
w
w G Qg = ueelwl
! _ 002
¥9 INIT ‘sjoys usamieg aouelsiqg
JeqUINN JuIod 1oys
00614 0001 00§ 0
T : 0z o
n ~— —Tsza
D
- S88YE 0 = AP PIS | Omw mu..
8 £0 G¢ = uesw M
1 | e Z
¥9 3INIT -uoliieiqied swij -loys |jeutd
18qUINN 1UI0d 10YS
00614 000} 00S 0
T T 0@ m
= ~ T sza
Bl
- Sg8Y8 0 = A6p DIs | OW .mw.
S €0 62 = uesw H
_ L g &

9 INIT :uoleIq)eD BW]1-loys ey

155



slejew

06 08 0L 09 0S ov 0 0z ok
T T I T T T T 0
: 3
[~ veew = - OO— M
GE9 = sjoys |eiol . .m
! ! ! _ l 1 I 002
G9 JNIT :Sloys usamiag 8ouelsi(] Jo wesboisiH
JequInN JuI0d 10YS
00S1 0001 005 0
T T 0
- e L e w
B wge0 €= Aep pis 18— m.
w g4 06 = uesw @
1 ! 002
G9 INIT ‘sloys usamiag souelsiq
1equinp juiod Joys
0051t 000+ 00S 0
T T 0c n
—— -
- L — Jsza
o)
| S9¥GG 0 = Aep PIs ] Om m«.
sZec GNHCNOE \OF
! _ se
G9 INIT ‘uoneiqled swil-1oys jeuly
Jequinp juIod Joys
005t 000+ 00S 0
_ . 0z -
- L1 523
o)
- $G9. 0= Aep PIS _ Om mw.
S 2¢ €2 = uesw H
! _ s

G9 INIT ‘uofeIqie) swl]-loyg jeliu|

156



siejow

06c 08c 0lc 09¢ 0sc ove oee 0ce ote
m Rt S L 0 i T _ 0
— veewr = — 001
L$9 = s10us [elot .
i | 1 | | | | 002
09 3NIT sloyg usamjag aouelsiq jo Emk_moum_l
Jaquwinn juiod 1oys
00S1 0001 00S 0
T T 00e
| —00€
welGe = Aep Pis
Wy /67 = Ueew
] | (80)4
99 JNIT :sloys ussmiag aouelsidg
JaquinN Julod 1oys
0061 0001 00S 0
- oci
| S22 61 = ABD DIS —~ 621
s/ 22} = ueew
! L 0l
99 INIT :UoHeIqIED BWI | -1oyS euld
Jequinp juiod 1oys
00S1 0001 00s 0
L (1A}
B $85 /8= AeD pIs —62l
Sy LE) = UeBW
_ ot

99 IANIN

:uoneIqED SWIL-JOYS [l

Kousnbey

(s) etey Buuiy

(s) evey Buuiy

157



APPENDIX 3

LINE CROSSING INFORMATION
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TABLE Al: LINE CROSSINGS
Line No. Shot No. Line No. Shot No.‘J
2 199 3 166
2 462 7 2042
3 166 2 199
3 345 4 539
4 96 7 1777
4 271 26 445
4 539 3 345
4 540 62/3A 77
6 80 25 1329
6 231 62/3A 238
6 280 26 189
6 314 28 161
6 822 7 1525
6 946 11 2137
7 45 24 40
7 147 22 378
7 321 20 17
7 453 18 354
7 639 16 39
7 763 14 367
7 901 12 89
7 995 25 154
7 1141 61/10A 897
7 1200 30 108
7 1291 i1 1974
7 1337 8 104
7 1525 6 322
7 1552 28 144
7 1777 4 96
7 1899 26 569
7 2042 2 462
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Line No. Shot No. Line No. Shot No.
8 80 11 2008
8 104 7 1337
8 256 28 291
8 611 25 947
8 818 62/3A 363
8 929 26 8
9 127 61/10A 1070
10 607 25 486
11 170 34 183
11 338 32 370
11 546 52 133
i1 745 24 281
11 905 22 153
11 1034 20 259
11 1209 18 105
11 1373 16 299
11 1535 14 99
11 1638 12 292
11 1826 25 317
11 1879 61/10A 815
11 1882 30 63
11 1974 7 1291
11 2008 8 80
11 2137 6 946
12 15 25 13
12 89 7 901
12 292 11 1638
13 282 65/50B 409
13 411 48 136
13 668 46 208
13 883 44 907
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Line No. Shot No. Line No. Shot No.
13 1078 42 460
13 1234 63/40A 334
13 1413 38 561
13 2541 36 59
14 99 11 1535
14 367 7 763
15 41 21 635
15 43 42 800
15 235 44 520
15 447 46 679
15 708 48 654
15 1002 50 354
15 1307 54 476
15 1743 56 581
15 1938 58 565
16 39 7 639
16 299 11 1373
17 313 42 1240
17 496 44 101
17 550 21 135
17 702 46 1068
17 971 48 990
17 1278 50 58
17 1568 54 226
17 1871 56 793
17 2076 58 389
17 2245 60 64
18 105 11 1209
18 354 7 453
19 63 32 33
19 328 34 399
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Line No. Shot No. Line No. Shot No.
19 566 36 225
20 17 7 321
20 259 11 1034
21 133 66/17A 550
21 135 17 550
21 248 44 202
21 631 42 804
21 635 15 41
22 153 11 905
22 378 7 147
23 103 40 102
24 40 7 45
24 281 11 745
25 13 12 15
25 154 7 995
25 317 11 1826
25 376 30 18
25 486 10 607
25 490 61/10A 657
25 563 28 408
25 947 8 611
25 1171 623A 289
25 1185 26 124
25 1329 6 80
26 8 8 929
26 124 25 1185
26 137 62/3A 276
26 189 6 280
26 445 4 271
26 569 7 1899
28 144 7 1552
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Line No. Shot No. Line No. Shot No.
28 161 6 814
28 291 8 256
28 408 25 563
30 18 25 376
30 60 61/10A 811
30 63 11 1882
30 108 7 1200
32 33 19 63
32 370 11 388
34 183 11 170
34 399 19 328
36 59 13 2541
36 225 19 566
38 561 13 1413
40 102 23 103
42 460 13 1078
42 800 15 43
42 804 21 631
42 1240 17 313
42 1240 66/17A 599
44 99 66/17A 561
44 101 17 496
44 202 21 248
44 520 15 235
44 907 13 833
46 208 13 668
46 679 15 447
46 1068 17 702
46 1069 66/17A 517
43 136 13 411
48 654 15 708
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Line No. Shot No. Line No. Shot No.
48 990 17 971
48 992 66/17A 460
50 58 17 1278
50 58 66/17A 401
50 354 15 1002
52 133 11 546
54 226 17 1568
54 226 66/17A 343
54 476 15 1307
56 581 15 1743
56 791 66/17A 285
56 793 17 1871
58 389 17 2076
58 390 66/17A 242
58 565 15 1938
60 64 17 2245
60 65 66/17A 207

61/10A 657 25 490
61/10A 811 30 60
61/10A 815 11 1879
61/10A 897 7 1141
61/10A 1070 9 127
62/3A 77 4 540
62/3A 238 6 231
623A 276 26 137
62/3A 289 25 1171
623A 363 8 818
63/40A 334 13 1234
65/50B 409 13 282
66/17A 207 60 65
66/17A 242 58 390
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Line No. Shot No. Line No. Shot No.
66/17A 285 56 791
66/17A 343 54 226
66/17A 401 50 58
66/17TA 460 48 992
66/17A 517 46 1069
66/17A 550 21 133
66/17A 561 44 99
66/17A 599 42 1240
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