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ABSTRACT

Processing of data taken with the U.S. Geological Survey's coal-
seismic system is done with a desktop, stand-alone computer. Programs
for this computer are written in the extended BASIC language used by the
Tektronix 4051 Graphic System. This report discusses and presents a set
of computer programs to produce one-dimensional synthetic seismograms,
and includes two coal-seismic examples of their application.

INTRODUCTION )

A one-dimensional synthetic seismogram is a computer-generated time
series showing what a single trace on a seismic reflection record would
look 1like for a given set of parallel reflection horizons when both the
seismic source and receiver are located on a common normal to the hori-
zons. The artificial record is manufactured (Sheriff, 1973, p. 212-213)
by convolving a reflectivity function with a specified waveform. An
excellent introductory description of the synthetic seismogram is given
by Anstey (1982, p. 52-60). Most modern textbooks, for example, Waters
(1978, p. 111-118), discuss the fundamental concepts upon which the syn-
thetic seismogram is based.

The programs of this report compute and display one-dimensional
synthetic seismograms for a shallow-depth seismic model constructed of a
limited number of discrete layers of constant density and velocity.
Computations are made in the time domain. Waveforms of different shape
and duration can be chosen, multiple reflections can be introduced, and
a variety of time-dependent gain functions can be applied.

The computational procedures presented in this report differ from
those commonly used in oil and gas exploration in several important
aspects:

1. The target depths for coal exploration are shallower, thus the
effects of near-surface layers cannot be ignored, a common practice in
construction of oil-related synthetic seismograms.

2. Because sonic logs usually are not included in the suite of logs
taken in areas considered for coal mine development, the reflectivity
series cannot be derived from them. Also, exploratory drill holes
generally are not taken to depths much beyond the base of the coal
benches and fluid in the holes may not extend to the surface, thus even
if a sonic log was taken, its data range would be small relative to that
covered by the reflection seismograph.

3. Some question exists as to the applicability of the zero-phase
and/or Ricker wavelet for shallow reflecting horizons; therefore, pro-
vision is made in the programs of this report for use of an approxima-
tion to the minimum-phase wavelet (Sheriff, 1973, p.141-142, 186, 248),
an arbitrary wavelet, and a wavelet obtained directly from a downhole-
vélocity-survey seismogram--these three wavelets may be more appropriate
for reflections whose arrival times are less than 100 msec.

4. Because amplitude considerations are of such importance in coal
seismics, the programs of this report offer four distinct methods of
displaying the synthetic seismogram: (1) fixed gain over the entire
record, (2) fixed and/or linear gain within specified time intervals,
(3) an AGC (adaptive gain control) procedure based on development of a
digital gain-normalization curve (N. S. Neidell, 1979, oral communica-
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tion) that smoothly connects rms values within selected windows, and (4)
a PGC (programed gain control) of selectable half-value time.

5. Finally, because a desktop computer cannot match the computing
power of machines at commercial data processing centers, a smaller num-
ber of layers can be handled; therefore, the composite effect of many
small acoustic-impedance changes cannot be evaluated by our programs.

Because coals occur in non-marine sections that often do not exhi-
bit extended stratigraphic continuity, one should not expect that a
single synthetic seismogram could categorize the seismic response within
a specific coal field, particularly for coal fields of the western
United States. One of the uses of a set of synthetic seismograms is to
gain insight into the anticipated character changes that may occur in
the seismic records taken over an entire coal field.

Four programs are required to produce the synthetic seismograms of
this report--the functions of these programs are as follows:

1. enter data and develop acoustic impedance and reflection

coefficient section,

2. develop time/depth section and reflectivity series,

3. generate and store Fourier coefficients of wavelets, and

4. compute and display synthetic seismogram. .
These four programs (the fourth program being divided into two programs
because of limited computer memory) are listed at the end of the report.
An appendix contains a discussion and listing of a program to compute a
sample problem. Results computed by the sample-problem program can be
used as input data to the first program listed above.

These data processing procedures were developed as part of the U.S.
Geological Survey's coal-seismic system. All computer programs were
written in an extended BASIC language developed by Tektronix, Inc. for
use with their 4051 Graphic System. Three pieces of Tektronix computing
equipment are required by the programs: a 4051 Graphic System with a
32K-byte memory, a 492/ Digital Cartridge Tape Drive, and a 4631 Hard
Copy unit. Optionally, the Tektronix 4662 Interactive Digital Plotter
may be employed if one wishes to produce a higher quality display.

All programs are self-prompting. In working through a sample
problem, the user will notice that the programs print questions and
requests followed by a flashing question mark. The computer then waits
for a response from the keyboard. Replies entered in order to run the
sample problems are enclosed in boxes hand drawn on the figures.

The last part of the report conteins an example of the use of syn-
thetic seimograms as a modeling tool to study reflections from two
merging coal beds.

_ The seismic section chosen to illustrate the programs of this
report was drawn from fragments of real data and then modified so as to
create a sample problem to illustrate the ideal seismic records that for
specified wave forms would be observed over a section containing a thin
coal bed and a thicker coal bed containing a parting.

With the exception of the simulated sonic log data expressed in
microsec/ft, all quantites are in metric units.



DISCUSSION OF PROGRAM TO ENTER DATA AND CONSTRUCT
ACOUSTIC IMPEDANCE AND REFLECTION COEFFICIENT SECTION

Two types of data are entered: those developed from a forward
model, and those from field observations. The forward model and a dis-
cussion of the program used to generate it are given in the appendix.
The "field data™ used to demonstrate the program are also derived from
the model, but treated as though they were taken in the field.

The first program (instead of using the long title, let us call it
program 1) begins by asking if you want to work with sample problem
data; that is, results produced by the forward modeling program. If you
reply with a Y (fig. 1), then you are prompted to enter the file number
in which the sample problem data are stored, the number assigned to the
sample problem, and the date on which either the sample problem was
computed or the date on which program 1 was run--your choice. Next you
are asked if you want to store the results produced by program 1 on a
data tape, and if so, within which file. After you reply that you want
to plot the results, you are prompted to enter the minimum and maximum
values of the variates to be plotted and the tickmark interval for each.
Following these entries (fig. 1), the plot is made on the screen, a hard
copy of which is shown on figure 2.

ENTER DATA AND COHSTRUCT ACOUSTIC IMPEDAMCE AND REFL. COEFF. SECTIONW
DO YOU HWAHT TO WORK WITH SAMPLE PROBLEM DATA? (Y-N) E] .

INSERT DATA TAPE IN 4924  FILE NUMBER = (39]

Sample prob no.(2 charymax)> = 9] ___

Date computed (12 charymax) = HOU_1982

DO YOU WANT TO STORE RESULTS ON A DATA TAPE? (Y/H) [?
NUMBER OF FILE ON WHICH DATA ARE TO BE STORED = (48

00 YOU HANT TO PLOT RESULTS? CY/H) [¥]

ENTER PLOT-LIMIT VALUES

Depths range from 6 to 140 net
Min. depth on plot =|0
Max. depth on plot = {140
Depth tickmark interval =|(10

Densities range fron 1.3 to 2.6 _gn-cc
Hin., density on plot =i,

Max. density on plot =|2.7
Density tickmark interval =}, 3

Velocities range from 0.3 to 3.6 n/msec
Min. velocity on plot = {0
= |4
= {1

Max. velocity on plot
Velocity tickmark interval

Refl coeff’s range from -06.4375 tg 0.4375
Min. refl coeff on plot = |-

Max. refl coeff on plot =)0,

“Refl coeff tickmark interval =

A

Inpedances range from 0.45 to 9.36 x 161-9 kg /nt2s
Min. inpedance on plot =

Max. impedance on plot = |10
Inpedance tickmark interval =

N o=

Figure 1. Copy of screen display of entries made with program 1 when
use of forward-model results is selected.
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Figure 2. Copy of screen display showing results produced by program 1
when applied to forward-model data. Variate ranges and tickmark
intervals are those entered on figure 1.

The normal-incidence reflection coefficients (center panel of fig.
2) are obtained by dividing the difference in acoustic impedance (velo-
city times density within a discrete layer) between contiguous layers by
the sum of their acoustic impedances. Note that the coal layers, iden-
tified by their low density and velocity, exhibit large reflection
coefficients and thus would be expected to produce strong reflections--
this is the basis upon which the hope of using the reflection seismo-
graph to map coals rests. But as we shall see as we continue our study
of the synthetic seismogram program, though acoustic impedance mismatch
is important, other factors also contribute to reflection strength.

Before leaving inspection of figure 2, note that the change in
acoustic impedance between the air and first layer (a mismatch that pro-
duces a reflection coefficient almost equal to one) is not displayed.
This omission occurs because the source point and detector are coinci-
dent on the surface. However, when multiple reflections are considered,
a reflection coefficient almost equal to unity is not to be dismissed--
unless we choose to suppress its effect. This point is introduced to
emphasize that a mathematical model only produces what it has been
programed to produce--the real world does not respond as submissively.

Following the making of the plot, you are asked (fig. 3) if you
want to replot. If you reply with a Y, you are returned to that part of



the program at which you were asked to enter plot-limit values (see fig.
1); if you answer with an N, you are instructed to insert a data tape in
the 4924 unit (if you had previously elected, fig. 1, to store results).
After data are stored, a read-after-write operation is performed.

DO YOU MANT TO REPLOT? CY/N) E

INSERT DATA TAPE TO STORE RESULTS IN 4924
LENGTH OF FILE REQUIRED = 768

DOES FILE HAUE SUFFICIENT LEHNGTH? (Y/H)
DATA STORED IN AND RETRIEUABLE FROM FILE 40

PROGRAM COMPLETED

Figure 3. Copy of screen showing remainder of entries for program 1
vwhen data derived from a forward model have been used.

The procedure to enter field data is initiated if you answer the
first question of program 1 with an N (fig. 4). Next you are asked if
acoustic and density log date are to be entered. If data from an acous-
tic and density log are available (a Y response), data entries for three
zones are required: zone 1, above the logged interval; zone 2, within
the logged interval; and, zone 3, below the logged interval. If you had
answered with an N, only data from zone 1 would be entered. In order to
illustrate the full procedure, let us assume sonic and density logs had
been taken over part of the section.

After prompts are given for entry of information about the area and
the site, you are directed to enter data for zone 1 (the section above
the logged interval). If the logs extend to the surface, then you would
enter a zero for the number of layers in zone 1, following which the
program would require you to enter data from zone 2.

The entry of data for zone 1 is straightforward. First you enter
the number of layers in zone 1 and then the thickness, density, and
velocity of each layer, as shown on figure 4. Values for entry of zone
1 data ere obtained from a combination of observed data (from downhole
velocity surveys), density-log data, refraction data (with allowance
being made for anisotropy), and informed guesses.

At commercial data processing centers, log data generally are read
into the programs either through the use of a digitizer (if only analog
data are available) or directly from a digital storage medium. In the
program of this report, in recognition of the limited memory of the com-
puter, a different approach is used--one in which a balance is struck
between decrease in memory and increase in judgment.

Illustration of this procedure is best shown by working through an
example. Let us assume the interval from 20 to 104 m (fig 2.) was log-
ged with density and sonic tools. We can proceed in one of two ways:
read and enter the density and velocity at every sample interval (for
example, every meter) or break the log into segments and then read and



ENTER DATA AND CONSTRUCT ACOUSTIC IMPEDANCE AND REFL. COEFF. SECTION

PO YOU MANT TO WORK WITH SAMPLE PROBLEM DATA? (YA{)E]

ARE ACOUSTIC AND DENSITY LOG DATA TO BE ENTERED? (¥/H>
NOTE: ALL QUANTITIES IN METRIC UNITS EXCEPT TRANSIT TIMES

OM ACOUSTIC LOGS WHERE UMIT 1S MICROSECOMDS.FOOT.
HQRSHAEL COAL FIELD

o}

Area name (20 char,max?

Site designation (7 charymax)
Date computed (12 charesmax?
Lat. of site (10 chary max)
Long of site (11 char, max)
County & State (23 char,max?

Elevation of site center

MHO. OF LAYERS IN 20HE 1 =
LAYER HO. LAYER JHICKHESS

NB LN

ENTER DEPTH-SEGMENT DATA FOR
NUMBER OF SEGMENTS

Depth to top of seament
Depth to base of seanent
Sl within segnent

Depth to top of segment
Depth to hase of seanent
SI within segment

Pepth to ton of segnent
Depth to base of seguent
SI within seguent

Depth to top of segnent
Depth to hase of seamnent
Sl within segment

Depth to top of seguent
Depth to hase of segment
Sl within segmnent

Depth to top of seament
Depth to base of seguent
SI-within segnent

ANN UUU 2ad WK NN e

LAYER_DENHSITY

PROB &
11 HOU 1982

39 11 22
165 33 44
BOULDER, COLORAD

LOGGED INTERVAL

[5e B3 O3 O B2 B2

3

LAYER L

Figure 4. Copy of first three screen displays showing entries made for

program 1 when the use of field data is selected.

In this example,

data from acoustic and density logs were taken over that part of
the section from 20 to 104 ms.



enter data at selected intervals within each segment. Consider, for ex-
ample, entry of data for a 100-m thick shale section within which the
velocity and density are almost constant. Here it would be much faster
to enter one density and one velocity than to enter 101 values of
density and velocity at an interval of 1 m. But this is a case where
compromise caused by lack of computing power may cause loes of signifi-
cant results--it being well known that layers of alternating acoustic
impedance can produce large multiple reflections.

For the sample problem, figure 4, the logged interval was broken
into six segments, the first of which begins at the base of zone 1 and
extends to a depth of 38 m. Sample interval (SI) within segment 1 is
taken to be 18 m; thus, only one transit time and one density are con-
sidered (fig. 5). For segment 3, we have elected to enter three sets of
time/density data at intervals of 5 m.

EHTER TRANSIT TIMES AND DENSITIES
DEPTH  TRANSIT TIME  VELOCITY  DENSITY IMFEDANCE X 10%-9

TOP, nicrosec-ft N nsec gn-cc k9 /(nt2s)
SEGMENT & §
20 1?9 1.762¢ 2.1 3.57%¢9
SEGMENT & 2
38 152 2.0053 2.2 4.4116
SEGMENT # 3
58 102 2.9882 2.5 7.4706
63 122 2.4984 2.31° $.7452
68 122 2.4984 2.3 5. 7462
SEGMENHT #» 4
73 122 2.4984 2.3 5.7462
74 122 2.4984 2.3 5.74€2
ré] 169 1.8026 1.3 2.3446
6 117 2.6051 2.3 5.9918
SEGMENT & S
77 117 2.6051 2.3 5.9918
SEGMENT 8 6
89 117 2.6051 2.3 5.9918
90 169 1.8036 1.3 2.3446
91 169 1.8036 1.3 2.344¢
92 169 1.8836 1.3 2.3446
93 152 2.0053 2.2 4.4116
94 152 2.08053 2.2 4.4116
95 169 1.8836 1.3 2.3446
96 169 1.8036 1.3 2.3446
97 169 1.8036 1.3 2.3446
98 169 1.8036 1.3 2.3446
99 132 2.6053 2.2 4.4116
1606 139 2.1928 2.3 5.0435
101 127 2.40600 2.4 S$.7600
162 117 2.6031 2.4 6.2%523
103 11? 2.6051 2.4 6.2522
| —

Figure 5. Example of entry of density and sonic log data.



After data in the logged interval (zome 2) have been entered, you
are prompted (as shown on fig. 6) to enter data for zome 3 following
which you are asked if you want to store and plot results.

NO. OF LAYERS IN 20ME 3 = 3
Lawlsn NO. LAYER THICKMESS LAYER DENSITY  LAYER ums.ocnv
2 E;] 3.2

3 3.6

D0 YOU WAHT TO STORE RESULTS ON A DATA TAPE? <(V/N» m
HUMBER OF FILE OH WHICH DATA ARE TO BE STOPED = |4€

DO YOU WANT TO PLOT RESULTS? (Y/H) .

Figure 6. Example of data entered for zone 3.
Figure 7 shows plot-limit values entered and the resulting plot.

Next you are asked if you want to replot. If you answer with a Y,
then you are returned to that section of the program in which you are
prompted to enter plot limits; if you reply with an N, then you are in-
structed as to how to file the data (fig. 8).

DO YOU WANT TO REPLOT? (V~-H) E

INSERT DATA TAPE TO STORE RESULTS IH 4924
LENGTH OF FILE REQUIRED = 768

DOES FILE HAUE SUFFICIENT LENMGTH? (Y/H)
DATA STORED IN AND RETRIEVABLE FROM FIL 0

PROGRANM CQHPLETED
Figure 8. Copy of screen display showing prompts for storing data.

Data computed from the first program (the impedance and reflection
coefficient, Z & RC, program) are stored on tape and are used as data
input for the second program (the time/depth and reflectivity series,
T/D-RS, program).



ENTER PLOT-LIMIT UALUES
Devths range from 0 to 140 meters

Min. depth on pliot = @
Max. derth on plot = @
Depth tickmark interval = [§§ .

Densities range from 1.3 to 2.6 gm/cc
Min. density on plot =

Max. density on plot =
Density tickmark interval =

Uelocities range from 8.3 to 3
Bin. velocity on plot =

Max. velocity on plot =
Yelocity tickmark interval =

Refl coeff’s range from -8.4375_to 0.427S
Min. refl coeff on plot = [-@

Max. refl coeff on plot = ﬁ
Refl coeff tickmark interval = @

Impedances range from 0,45 to 9 x 101=-9 kg mt2s
. Min. impedance on plot =
Max. impedance on plot =
Impedance tickmark interval s 2

Area:MARSHALL COAL FIELD Site:PROB #9 Date:ll NOV 1982 To file 40
-== INT. DEN. IN gmrcc --- REFL COEFF INP. %x19t-9 INH kg m12s
< 2 -0.4 0 2

o 2 0.4
10 b
20 e—
1
30 |
) _'
E 40 “‘:
P ]
T S !
" -
€0 _
1 '
H 70 H
M ge I
¢ : :
e N ——
=== T ==
g 100 '———-—-J—-:-hu' —
110 :
120 ' I' |
- ﬂ o
130 H
[ ]
140 1.0 2.0 3.0 LAT.= 39 11 22  LONG.=195 33 44
INT. VEL. IN m/nms BOULDER., COLORADO ELE!'=1502m

Figure 7. Copy of screen display showing plot-limit values and plot
produced when field data are entered into program 1.



DISCUSSION OF PROGRAM TO DEVELOP TIME/DEPTH
SECTION AND REFLECTIVITY SERIES

The program begins (fig. 9) by instructing you to enter the data
tape of the first program in the 4924 and then enter the file number in

DEVELOP TINE-DEPTH (T/D> SECTION AND REFLECTIVITY SERIES (RS)
INSERT Z & RC DATA TAPE INH 4924  FILE NUMBER = (49] i

D0 YOU HWANT TO ST RESULTS OH A T-D & RS DATA TAPE? (Y/N)
FILE NUNBER =

° DO YOU WANT TO INCLUDE THO-BOUNCE MULTIPLES? <YM [K]
DO YOU MANT PLOT OF VEL, T-D, AND REFL SERIES? <Y-H) [¥]

Figure 9. Copy of screen display showing first entries for program 2.

which these data are stored, following which you are prompted to enter
the number of the file in which results of the second program are to be
stored. Next, you ere asked if you want to include two-bounce multiples
in the construction of the reflectivity series--to be discussed later in
this report. Lastly, you are asked if you want to plot the velocities,
the time/depth section, and the reflectivity series.

If your computer has more memory than the 32 K-byte desktop compu-
ter for which these programs were developed, then no reason exists for
not combining the first and second programs of this report. In this
way, one would not need to generate a date tape to carry data from the
first to the second program.

Let us begin this second program by developing the reflectivity
series without multiple reflections. In the first program, reflection
coefficients are developed solely on the basis of acoustic impedance
difference between contiguous layers and they are plotted as functions
of depth. In the second program, the reflection coefficients are com-
puted as functions of reflection time and the coefficients include
across-layer-transmission and spherical-divergence losses.

Figure 10 shows copies of screen displays showing plot-limit values
entered and the plot produced using the results of program 1 as input to
program 2. Note on comparison of figures 7 and 10 that whereas in
figure 7 the largest reflection coefficients occured at the boundaries
of the coal seams, on figure 10 the largest reflection coefficient
occurs at a reflection time of 20 ms, the reflection time from the base
of the first layer. Thus, as stated earlier in this report, although
the magnitude of the acoustic-impedance mismatch between layers is an
important contributor to the reflectivity series, it is not the only
factor to be considered.

Three kind of velocity as functions of reflection time are plotted
in the left panel of figure 10: interval velocity, average velocity

10



ENTER PLOT-LINMIT VALUES
Reflection time to top of layer 1 = [3]

Primary reflections range from 20 to 182.064142332
Min. reflection time on plot =[B

Max., reflection time on plot = (200

Refl. time tickmark interval =[20

Uelocities range from 8.3 to 3.6
Min. velocity on plot =
Max. velocity on plot =
Vglocity Cickmark interval =

Refl coefé’s range from -9.0019 8 46247 to 0.0290519877676
Min. refl coeff on plot =[-8,
Nax. refl! coeff on plot = [0.035
Refl coeff tickmark interval =10.03
Depths range from @ to 140
Min, depth on plot =
Max. depth on plot =
Depth tickmark interval =

140
20

Area: MARSHALL COAL FIELD Hole: PROB #9 Date logged: 11 NOU 1962

VELOCITIES IN KM-/SEC REFL COEFF DEPTH IN METERS
0 3.9 9.0 9,03 i

20 S

40

NN

100

120

140 4

VX T MEmt ZO-AOM-NIMD

169

_ 200 RUE. VEL +44+4 RMS UEL xxxx LAT.® 39 i1 22 LONG.=105 33 44
DATE FROM FILE:4@§RESULTS TO FILE:41 BOULDER, COLORARDO ELEV=1502M

Figure 10. Plot-limit values and plot produced by second program upon
entry and computation of data from the first program. The center
panel shows the reflectivity series for the illustrative problem
whose interval, average, and rms velocities are shown on the left,
end whose depth vs. reflection time curve is shown on the right.

- 11



(1ine segments connecting plus signs), and root-mean-square (rms) velo-
city (line segments joining x's). The reflection-time versus depth
function is shown in the right panel. Although these plots are not
required in the construction of the synthetic seismogram, they are
instructive in that they allow one to anticipate refraction arrivals and
their relation to reflection arrivals, and also they offer a quick means
of detecting gross errors in data acquisition and entry.

After the plot is made, you are asked if you want to replot. An
example of a replot with plot limits chosen so as to detail the reflec-
tion-time section from 120 to 200 ms is shown on figure 11.

Much can be learned by study of a plot such as that shown on figure
11. For example, note that though the velocity difference is greater at
the base of the thin coal bed (a reflection time of about 142 ms) than
at the top of the thin seam, the reflectivity-series display shows that
a slightly weaker reflection would be anticipated from the base than
from the top of the thin seam. Also it is instructive to examine the
trensitional reflectivity series developed by the simulated underclay
sequence underlying the lower coal seam. Examination of the time/depth
(T/D) plot shows that one should not expect to detect a thin coal bed
using results obtained with a downhole velocity survey and also that a
thick coal section could produce a blind zone in & refraction survey.

Let us now use program 2 to develop the reflectivity series for a
case in which two-bounce multiple reflections are included. I prefer
the term "two-bounce multiple", coined by Anstey (1977, p. 2-91,2-94),
because to me it is a more descriptive term than either "peg-leg" or
"short-path" multiple reflection (Sheriff, 1973, p. 146-147). A two-
bounce multiple reflection is one that has bounced twice within a layer;
for example, a downward traveling wave that has been reflected upward
from the base of a layer, has been reflected downward from the top of
the layer, and then has continued its downward travel.

Evidently some restriction must be placed on the number of multiple
reflections to be included in the model because each acoustically mis-
matched layer can contain within it an unlimited number of multiple
reflections. The program not only limits the multiple reflections to be
of the two-bounce type, but also reduces their number by allowing one to
select the lower limit of the reflection coefficient to be used in the
calculations. This procedure is illustrated on figure 12 on which sev-
eral selections are entered for the lower limits of reflection coeffi-
cient for the multiple reflections, the quantity being expressed as a
percentage of the total range of reflection coefficients.
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ENTER PLOT-LINMIT VALUES
Reflection time to top of layer 1 -.

Primary reflections range from 0 182.064142332
Min, reflection time on plot = P
Nax., reflection time on plot = {200
Refl. time tickmark interval = (10

Niu. velocity on plot =
Max. velocity on plot =

Velocities range from 0.3 to 3.6
Velocity tickmark interval -

Refl coeféf’s range from -0.001980 £247 to 0.08290519877676
Min. refl coeff on plot =

'9.

Nax. refl coeff on plot ={0.0803

Refl coeff tickmark interval ={0.002
Depths renge from 8 to 140

Nin. depth on plot =(448
Max. depth on plot ={140
Depth tickmark interval = |20

Area: MARSHALL COAL FIELD Hole: PROB #9 Date iogged: 11 NOV 1982
VELOCITIES IN KM/SEC REFL COEFF . DEPTH IN METERS
8 3.8 - 0,900

120

130 e g

148 ‘ —

158

1608

178

180

NE X MBm=f ZOre~«OWr-NIMD
I

190

200 SGETUEL 944+ RNS VEL ocxx LAT.= 39 11 22 LONG.=105 33 44
DATE FROM FILE:4@3RESULTS TO FILE:41 BOULDER, COLORADD ELEU=1502M

DO YOU WANT TO REPLOT? CY/H) [N]
INSERT T-D & RS DATA TAPE IN 4924

ARE YOU READY TO PROCEED? (Y-

LENGTH OF FILE REQUIRED = 76

DOES SELECTED FILE HAUE SUFFICIENT LENGTH? C(Y/N)
DATA STORED IN AND RETRIEVED FROM FILE 41
PROGRAM COMPLETED

Figure 11. Plot limits and detail plot produced by program 2 to show
velocities, reflectivity series, and depth versus reflection time
from 120 to 200 msec.
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DEVELOP TINE-DEPTM (T/D)> SECTION AND REFLECTIVITY SERIES (RS)
INSERT Z & RC DATA TAPE IN 4924 FILE Humger = [40]

PO YOU WANT TO STORE RESULTS OH A TP & RS DATA TAPE? (Y/N)
FILE NUMBER =

00 YOU WAHT TO INCLUDE THO-BOUMCE MULTIPLES? (Y-/H> @
LOWER LIMIT OF REFL COEFF TO BE USED IN X OF TOTAL RAHGE =
TOTAL NUMBER OF POSSIBLE TWO-BOUNCE MULTIPLES = 1330
RUAILABLE MEMORY ALLOWS OMLY FIRST 283 MULTIPLES

TOTAL NUMBER OF PRIMARY + MULTIPLE REFLECTIONS = 98

DO YOU MANT TO RESELECT LOWER LIMIT ON MULTIPLES? meE[r‘_'l
LOMER LIMIT OF REFL COEFF TO BE USED IN X OF TOTAL RANGE =

TOTAL NUMBER OF PRIMARY ¢+ MULTIPLE REFLECTIONS = 144
DO YOU HAHT TO RESELECY LOKER LIMIT OH MULTIPLES? (Y’N)
M g3

E.1

LOWER LINIT OF REFL COGEFF TO BE USED IN % OF TOTAL RAMG
TOTAL NUMBER OF PRIMARY + MULTIPLE REFLECTIOHS = 38

DO YOU MANT TO RESELECT LOWER LIMIT OH MULTIPLES? (v/méﬂ
LOMER LIMIT OF REFL COEFF TO BE USED IN X OF TOTAL RANHGE ®=

TOTAL NUMBER OF PRIMARY + MULTIPLE REFLECTIOHS = 98
DO YOU WANT TO RESELECT LOWER LIMIT ON MULTIPLES? <v/N) (]
DO YOU MANT PLOT OF VEL, T-D, AND REFL SERIES? C¥/N) [Y]

‘Figure 12. Screen copy of entries when two-bounce multiple reflections
are considered in the construction of the synthetic seismogram.

Figure 13 shows the plot limits and the plot produced for the il-
lustrative example when multiple reflections are considered. A tabula-
tion of the reflectivity series shows that although 67 multiple reflec-
tions above the stated threshold are present, it would take an extremely
sharp eye to detect any difference between the reflectivity series
displayed on figure 13 (with multiples) and that of figure 10 (without
multiples). One reason for the seeming lack of multiple reflections is
the intentional suppression of multiples produced by the reflection from
the air-ground interface. This omission is standard practice because
its inclusion would swamp almost all other arrivals and because with
real data (as opposed to model data), the surface-related multiples,
though present, are generally not of the large magnitude that a model
of limited numbers of layers--and omitted Q factors--would predict.

A replot for the time section from 120 to 200 ms of the reflectivi-
ty series with multiples (fig. 14) when compared to the same detailed
section without multiples (fig. 11) shows that multiple reflections are
included in the reflectivity series, but that their effect is not as
large as one might e<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>