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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 presents computer programs
to compute static corrections using a high-redundancy ABC method applied
to data obtained with a six-fold, two-spread-direction field procedure.

INTRODUCTION

To achieve the lateral and vertical resolution required in coal-
exploration and coal-mine-development seismics, high resolution (HR)
techniques must be used. These techniques generally require higher fre-
quency detectors, shorter detector spacings, higher frequency sources,
and faster sampling rates than are used in oil and gas seismic explora-
tion. Both o0il and coal seismics use multi-fold (CDP) methods to im=-
prove reflection quality; thus, both require the removal of severe
statics (Sheriff, 1973, p. 209) before effective stacking can procsed.
However, because HR methods demand higher frequencies, small static
shifts that might be dismissed in standard seismic oil prospecting
cannot be ignored in HR surveys, for otherwise the stacked result will
be smeared and thus the needed high frequency arrivals will be lost.
Much of our coal-seismic research has concentrated on the use of shear-
wave (S-wave) methods for which, according to Waters ( 1978, p. 95),
statics are more pronounced than they are in standard longitudinal-wave
(P-wave) work; thus, in shear-wave studies, greater attention must be
given to the determination of static correctionms.

Qf the three most common techniques of static correcticn--uphole
time, cross-trace data smoothing, and refraction techniques--only the
latter is used in our shallow (depths limited to about 100 m) coal
seismic investigationms.

Uphole~time methods require shooting beneath the LVL (low velocity
layer) and they are not used in our research because shotholes are
expensive to permit and drill; generation, and to a lesser degree--
detection, of SH (shear-horizontal) waves within a borehole are chal-
lenging technical problems; and lastly, use of a shothole drill rig
defeats one of the objectives of our work: to develop a truly portable
shallow seismic system that, if need be, can be operated by one person.

Trace-to-trace data smoothing (automatic statics procedures based
upon various statistical approaches) cannot be used because the only
seismic horizon that may exhibit reflection continuity in a coaliferous



section is the coal itself--and it is the target. Thus, although the
mathematically elegant automatic statics procedures produce a smoother
locking seismic section, they may do so at the expense of hiding the
very features that the coal seismic survey was undertaken to find.

Thus we are left with dependancy on refraction methods to develop
the needed static corrections. However, because we are forced by field-
operation, target-depth, and source-strength factors into using short
spreads, refraction methods can be expected to produce only approximate
statics--ray paths for first arrivals may reach only to the base of the
LVL and therefore not reveal sub-LVL velocity variations that may con-
tribute to the total static shift. Nevertheless, let us proceed with
the use of refraction methods to achieve a first cut at the determina-
tion of statics. If, upon inspection of record sections, further static
corrections seem to be necessary, then we will have to determine them
through use of a screen-display interactive procedure, one not included
in this report.

The field method used in our surface-to-surface, coal-seismic re-
search is a melding of three principal techniques: (1) ABC for determi-~
nation of statics, (2) CDP (common depth point) procedures for improving
signal-to-noise ratios of reflections, and (3) common-offset methods for
detection of near-surface features.

None of the constituent parts of either our fisld or computational
methods can be considered as new. The method of differences (ABC proce-~
dure) of determining time in the LVL has been used since the early days
of seismic prospecting (Edge and Laby, 1931, p. 339-341). Common depth-
point methods (Mayme, 1956 and 1962), sometimes called common midpoint
stacking (CMP), are now standard procedures throughout the seismic
industry. A seismic field procedure called the "Roll-Along" technique
(Shock, 1963) for implementation of the CDP concept followed shortly
after the general introduction of CDP methods. Origins of the common
offset seismic method rests in the distant past--the method seems to be
one of those that has always been with us, as it is a seismic analog to
fixed-electrode resistivity methods.

This report is limited to a discussion of the method and programs
we use to compute static corrections using field data obtained with the
USGS coal seismic system and a six-fold, two-spread-dxrectlon data
acquisition field procedure.

COMMENTS ON THE PROGRAMS

In order to put the programs of this report to work, the user must
.know how to perform the following operations:

1. transcribe the programs into the computer,

2. store the programs on magnetic tape,

3. retrieve the programs from magnetic tape,

L. enter information from the keyboard, and

5. copy the screen display.
These tasks are documented in the computer's operator's manuals.

Four control characters {those that require the 1olding down of the
control key as the letter is entered) are used in the programs: G (ring



bell), K (move cursor up one line), L (erase screen and move cursor to
the HOME position), and the RUB OUT (move cursor to the left margin and
down one line). In the printed listing these control characters are
shown as G_, K_, L_, and __, respectively. '

Computer programs were written in an extended BASIC language deve-
loped by Tektronix, Inc. for use with their 4051 Graphic System. The
programs require three pieces of Tektronix equipment: a 4051 Graphic
System with a 32K-byte memory, a 4924 digital cartridge tape drive, and
a 4631 Hard Copy unit.

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

Four programs are required by the computation procedure--their
functions are as follows:
1. enter surveying data,
2. enter first arrivals,
3. compute static corrections, and
4. plot adjusted first arrivals, ground and LVL elevations, and
time to datum at each station.

NUMBERING SISTEM USED IN THE PROCEDURE

The numbering system used in the field and in the programs is based
on line numbers (LN) and position numbers (PN) of each source point and
detector within a given area or prospect. If your computer has a larger
memory or a rapid-access disk system, then these numbers can be used as
pointers to tell the computer which particular set of data is to be
retrieved and processed.

Surface position numbers along a line are incremented by two; thus
-all detector PN's along a traverse will be either odd or even. This
ordering is done so that PN's of reflection points in the subsurface
will be integers. If, for example, a SP (source point) is at PN 5 and a
detector is at PN 11, then the reflection point at the midpoint-in the
subsurface would be at PN 8. :

The programs require the entry of the PN interval (the distance
between successive PN's) so that intervals between any pair of PN's can
be converted to distance intervals. Because the computer programs use
PN's as locators, computations are intermally independent of a system of
units. Only at final output to plots or tabulations is the conversion
to distance units made. A common PN interval in much of our work is 1.5
m, equivalent to a single-detector group interval of 3 m.

SINGLE-SPREAD ABC METHOD
The equation used to compute the vertical time through the LVL is

very simple (Sheriff, 1973, p. 1), a condition that usually implies that
oversimplifying assumptions have been used. Here we develop the single-



spread ABC equation so as to gain insight into the validity of those
assumptions upon which the method rests.

Figure 1 shows a single, zero-offset spread of 12 detectors linking
source points at the ends of the spread. The numbering system shown is
the same as that used in the programs.
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Figure 1. Sketch to illustrate the single-spread ABG method.

Letting T(4), T(B), and T(C) be refraction times along the forward
path A, the reverse path B, and the common path C, respectively, and
symbolizing the delay time under position N as D(N), then for the
detector at PN 23 (fig. 1), -

T(4) = X(4)/v1 + D(11) + D(23), (1)

T(B) = X(B)/V1 + D(33) + D(23), (2)
with a common-path (SP-to-SP) time of

T(C) = X(C)/v1 + D(11) + D(33). (3)
Since X(C) = X(4) + XZ(B),

T(4) + T(B) - T(C) = 2 D(23), (4)
where the delay time at the detector at PN 23 is D(23) given by

D(23) = £(23) x cos (4), (5)
t(23) being the one-way vertical time in the LVL at PN 23 and A the
critical angle, which from Snell's law is

A = arc sin (VO / V1), (6)

Letting



K = 0.5 / cos(a), (7)
then
t(23) = K (T(4) + T(B) - T(C)). (8)

If the crossover distance (Sheriff, 1973, p. 41) was equal to three
detector positions, six PN's, then the single-spread ABC method could be
used to find the time in the LVL at PN 17 through PN 27, but not at the
other six detectors.

The following observations on the single-spread ABC can be made:

1. a single layer with an undulating top surface overlying a semi-
infinite half space is assumed--a highly restrictive assumption,

2. spreads must be shot in two directions (forward and reverse),

3. detectors must be positioned at the SP's to find T(C), and

4. computation can be made only for those detectors whose -offsets
are equal to or greater than the crossover distance.

In practice, minor variations in elevations of the base of the LVL
can be tolerated. But if a pronounced velocity gradient is present, ray
paths will be curved and their penestration a function of offset result-
ing in the ABC method producing incorrect results (Waters, 1978, p.
143). Full discussion of this effect and the partial compensation that
may obtain when six, spread-shifted (different offset) ABC computations
are made at each interior station is beyond the scope of this report.

If the use of the ABC method is accepted, the user also accepts the
fundamental limitations implicit in point 1; however, by design of the
field procedure, much can be done about points 2 through 4--as discussed
in the next section of this report.

MUOLTIPLE-SPREAD ABC METHOD

The computation procedure of this report requires that data be ob-
tained with common offset spreads shot frdm two directions (forward and
reverse) and that the offsets on the forward and reverse spread differ
by one detector interval. In addition, the maximum offset must be equal
to or less than the distance between the first and last detectors.

Tests on the offset conditions are made within the computer program. As
we use the terms, a forward spread is one for which the PN of the
shotpoint is less than the PN's of the spread; a reverse spread is one
for which the PN of the SP is greater than the PN's along the spread.

Choice of how much offset to be used is dictated by the results of
wave tests (also called walkaways or noise tests). Generally the
offsets range from 21 to 30 m in our shallow-coal investigations; thus,
no detector is at the active-SP position at the time a particular spread
is shot. However, as the SP/spread array is repeatedly shifted by two
group intervals down the traverse, eventually a detector will occupy the
position of this shotpoint (Waters, 1978, p. 143). This is the basis
upon which the method is developed.

Figure 2 shows seven positions of a single SP-spread-SP array as if
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Figure 2. Sketch to illustrate multiple-spread ABC methed. SP's are

shown by squares. Segments of cables containing takeouts connected
to the selsmograph through a roll-along switch are shown by a
double line; for example, for spread C, the last eight takeouts on
cable 1 and the first four on cable 2. Numbering system is the
same as that used in the illustrative example presented later. Only
PN's of SP's and detectors germain to the discussion are labeled.



it were shifted along the traverse. In field practice, however, two or
more cables are used, and array shifting is accomplished by use of a
roll-along switch or a patch panel. Numbering on figure 2 is the same
as in the illustrative example later in this report.

Let us first consider finding the vertical, one-way time in the LVL
at PN 47. As in the development in the preceding section, T(A) is the
refraction time on the forward spread (SP at PN 11 to detector at PN 47,
SP at PN 15 to detector at PN 47, and so on until SP at PN 31 to detec-
tor at PN 47); T(B) is the refraction time on the reverse spread (start-
ing at SP at 63 and ending at SP at 83 all into the detector at PN 47).
Thus 12 refraction paths lead to the detector at PN 47.

To complete the ABC calculation, we also need T(C)--the SP-to-SP
refraction time--an arrival that does not appear on any individual
record. We can find T(C), however, if we can be patient and wait until
the fifth and sixth arrays are shot (labeled E and F on fig. 2), then we
can get the forward refraction time difference between arrivals at PN 63
and PN 47. If we add the average of these two time differences to the
time from SP at 11 to detector at 47, we can determine T(C) for the
first (4) array. Similarly, we can find the SP-to-SP time for the
second (B) array by adding the average of the PN 67/PN 51 time dif-
ference found from the F and G arrays to the refraction time from the SP
at PN 15 to the detector at PN 51.

Because the reciprocal times from SP to SP should be equal, from
array E onward we should be able to compute T(C)'s by use of the same
scheme as described above applied to the reverse as well as to the
forward spreads. After the systematic pattern of taking data is estab-
lished, we will have four values of SP-to-SP time, T(C), to average in
this example--two from the forward and two from the reverse spreads. In
addition, we will have six determinations of static corrections for each
of what we call the interior points--those for which the full statisti-
cal power of the prodecure is operative.

Let us now consider the determination of the vertical time in the
LVL beneath the first four shotpoints (SP's at PN's 11, 15, 19, ard 23
as shown on fig. 2). A similar procedure would be applied to the
trailing four shotpoints.

Referring to spreads D and E on figure 2, note that from previous
application of the ABC method, we know the delay times under PN's 27,
37, and 41. Thus we can compute the horizontal time in the sub LVL from
PN 27 to PN 41, symbolized by T(41/27), from the equation

T(27/41) = T(A) - D(41) - D(27), (9)

where T(A) is the refraction time from the SP at PN 27 to the detector
at PN 41 and where D(N) is the delay time under PN(N). Now let us
assume, as permitted by the two-layer assumption, that the horizontal
time in the sub LVL from PN 23 to PN 37 equals that from PN 27 to PN 41;
thus T(23/37) = T(27/41). Therefore the delay time under PN 23 would be
found using

D(23) = T(A) - T(27/41) - D(37), (10)



where T(A) is now the refraction time from the SP at PN 23 to the detec-
tor at PN 37. Upon of the application of the K factor as defined in (7)
to the delay time, the vertical time in the LVL under PN 23 would be
obtained.

Using a similar approach, vertical times in the LVL under all the
other SP's can be computed.

STATIC CORRECTION TO DATUM

Once the vertical time in the LVL at each PN is determined and the
elevations at each PN and the elevation of the fixed datum entered, then
the static correction is computed by summing the time to datum at each
SP and each detector at each spread. The program assumes a fixed (con=-
stant elevation) datum. If you require the use of a sloping or other
type of reference datum surface, you will have to change the datum
elevation (E3 in the program) from a numeric %o an array variable and of
course make provision to fill that array.

As we use the term "static corrections" we are considering the
total strip-off times to datum, not just the time variations in the LVL.
For example, the static correction for the detector at PN 25 on spread A
as shot from the SP at PN 11 would be S(11,25) given by the sum of the
datum time at the SP:

£(11) + (E(11) = v(0) x £(11) =E(4)) / Vv(1), (11)
and the datum time at the detector:
t(25) + (E(25) - Vv(0) x,t(?s)_- E(d)) / v(1), (12)

where for the station at PN pumber N, t(N) is the one-way vertical time
in the LVL and E(N) is the elevation, V(0) is the LVL velocity, V(1) is
the velocity in the sub LVL--sometimes called the datum velocity, and
E(d) is the elevation of the fixed datum. Details of this computation
are given in most seismic exploration texts; for example, Telford and
others (1976, p. 353-356).

LOGICAL UNIT OF WORK

The logical unit of work in the field consists of two cable layouts
bracketed by six forward and six reverse source points as illustrated by
arrays A through F on figure 2. This basic work unit was designed so
as to make the most efficient use of a small-complement field crew
operating with surface sources, a 12-channel signal-enhancement seismo-
graph, and cables with 12 takeouts. -

The quantity of records taken in the basic unit of work depends
upon the types of sources and detectors used. If only P-wave recordings
are made (vertical impact with hammer or "shotgun" source and vertical-
component detectors), then 12 records are taken; if only one set of S-
wave recordings are made {horizontal source struck in two directions and
horizontal-component detectors), then 24 records are taken; if a five-
source set of recordings are made-- vertical hammer into vertical detec-
tors, radial source (two directions) into radial detectors, and trans-



verse source (two directions) into transverse detectors, then 60 records
are taken; and finally if a full set of data are taken (six source
excitations into three-component detectors), then 216 records are made--
even more if one also decides to rotate the shear souces incrementally.
Clearly, judgment must be exercised in planning field work--particularly
if I0U are to be the one-person field crew.

The data entry programs also were designed to conform to logical
units of work. Two programs are required to enter data: one for area,
line, spread, and elevation data (surveying data); one for seismic-
record data (first arrival data). This separation of data-entry pro-
grams follows the natural division of labors in the field.

DISCUSSION OF PROGRAM TO CORRECT AND ENTER SURVEIING DATA

Correction and entry of surveying data is illustrated by the exam-
ple shown in figure 3. The program begins by asking you if you want to
correct existing data. Because in this report no data have as yet been
entered, let us defer a Y response. Next you are prompted to enter the
area information and line number, and then asked if you want to add
cables to the line--let us answer with an N. The spread information
‘entered on figure 3 i1s that required for the A through F spreads shown
in figure 2. Finally you enter the elevations for each PN at and
between the first and last source points (SP 11 and SP 87 respectively
in this example). In order to save space on the magnetic tape, eleva-
tions are stored as a single-variable array; for example, E1(1) is the
elevation at PN 11, E1(2) is the elevation at PN 13, and so on.

After elevations are entered, you are asked if you want to tabulate
and plot them. The results of Y answers are shown on figures 4 and 5.

After viewing and then clearing the screen, you are asked if you
want to accept the elevations as entered and in which file you want the
data stored (fig. 6).

Usually topographic surveying is completed before the line is shot.
However, after a line of data is interpreted, it may be deemed necessary
to add stations or cable positions to the line. Negative PN's are
allowed.

To show how stations are added both to the beginning and end of the
line, let us assume that the original line extended from PN 11 to PN 87,
as in figure 2., and that we now want to extend the coverage using one
additional cable position tacked ontoc both ends. Thus, first and last
SP's on the extended line would be at PN -13 and PN 107 respectively.

Figure 7 shows an example of how the program is used to add survey-
ing data to the beginning of the line.

After the area identification and line number are entered, you are
asked if you want to add cables to the line. Upon replying with a I,
you are asked if you want to add to the beginning of the line--let us
answer with Y. Thereupon you are prompted to enter the number of the
file containing the original segment of the line--in this case, file 21.
Next you are asked to enter the number of cable position to be added.
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Figure 3. Copy of screen display showing entry of surveying data.
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Figure 4. Tabulation of surveying data for a logical unit of work.
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Figure 5. Plot of elevations for logical unit of work.

DO YOU HANT TO ACCEPT ENTERED ELEUATIONS? v OR W3 [¥]
FILE nunger = 33
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15 RESERVED FILE SPACE SUFFICIENTT (¥ OR W)

IMSERT ORTA TRFE 1N 4324 4

ARE YOU REAGY TO PROCEEDT (¥ OR M) (3]

PRUGRA COMPLETED

Figure 6. Copy of screen display showing program segment to correct and
store surveying data.
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DO YOU HAHT TO CORKECT EXISTING DATA? (¥ OR W> (1]

ARER +24 char) = [TLLUSTRRTTUE EXAHPLE]
LINE HUMBER -I 3

DY VOU HANS TO 0D CABLES TO LINE? (Y GR |
DO YOU HAHT TG ROD CABLES 10 GEGINMING OF LIIE7 <7 OR W

INSERT DnTi TRPE TH 4324

NUMBER OF FILE coummu«. uLo UALUES = (21]
MUHBER OF CABLES TO BE ADO f']
Hew PN o First SP = -l

PH qugng ELEV

=43 189.0

-1 183.8

-3 119

7 189.9

-5 189.9

-3 199. 4

-1 189.3

1 169.4

3 199.3

-] 108.3

? 103.8

9 182:3 |
GO YOU HAWMT TO TARBULATE ENTERED DnTA? (Y OR W) Y]
DO 10U HANT TO TABULATE Ot PRINTER? <Y GR NO

Figure 7. Example of surveying data added to beginning of the line.
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The program then prints the PN of the new first SP on the screen and
then prompts you to enter slevaticns for the added position numbers.

Upon entering the last of the elevations of the appended PN's, you
are offered the options of tabulating the input data (fig. 8) and making
a quick plot of the elevations along the total line (fig. 9). The plot

AREA: ILLUSTRATIVE EXAMPLE LINE HUMBER: 3

NO OF CABLES=3, TAKEOQUTS~CABLE=12, MO OF $TA=S1
PH INT (m~-PN)=1,5, FIRST SP PNa-13, LAST 3P PH=37
HERR SEIS 0-3 FOR FORWARD SPD (wd = 21

NERR SEIS 0-S FOR REVERSE SPD (m) = 24

SURFACE ELEUATIONS:

PN ELEU PH ELEU PN ELEU PH ELEU
-13 183.5 -11 1689.3 -3 118.9 =7 189.3
-3 183.9 -3 189.4 -1 189.S i 189.4
3 189.3 3 188.9 7 163.8 3 187.9
11 187.8 13 187.2 1S 186.5 17 1e6.1
13 196. 1 21 18s8.2 23 186.2 23 1688.2
a7 186.3 29 186.3 31 188.38 33 188.9
35 188.9 37 187.1 33 187.5 41 168.9
43 198.5 4S5 18s.1 47 1639.7 43 116.2
S1 118.7 53 111.1 SS 111.1 s? 111.3
39 111.2 81 111.8 €3 111.8 &S 118.3
8?7 183.7 €9 188.8 71 teg.9 73 187.4
7S 186.8 7~ 188.3 73 186.3 81 186.3
83 168.35 85 185.38 87 187.3

DO YOU WAHT TO PLOT ELEVATIONST (¥ OR W3 [¥]
Figure 8. Tabulation of surveying data after one cable position was
added to the beginning of the line.

ILLUSTRATIVE ERXAMPLE, LINE 3 FROM PN -13 TO PN 37
MIN ELEU=183.3 AT PH 7 AHD MAX ELEU=111.3 AT PH 37

Figure 9. Quick plot of elevations as entered on figure 7.
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can be scanned to see if patent elevation errors have been entered; the
tabulation can be scanned to locate the particular incorrect entry. In
the sample of data entry (fig. 7) a wrong value {indicated by the arrow)
was entered so that the correction procedure could be illustrated.

Figure 10 illustrates how a wrong entry of an elevation is cor-
rected and how data are to be filed when the current file is too small.

D8 YOQU WANT TO ACCEPT ENTERED ELEVATIONS? <% OR M3 [H]
PN at alavation to be changed = 7]

0ld value = 193,38

Hew value = [1US,J
DG YOQU WANT TO CHANGE AHOTHER ELEVATION? <Y OR H3 [H]
FILE HUMBER =[22]
REQUIRED FILE SPACE = 966
IS RESERVED FILE SPACE SUFFICIENT? (¥ OR N> [N]
INSERT DATA TAPE IN 4851
ARE YOU READY TO PROCEED? <% OR N>
INSERT CATA TAPE IN 4924

ARE YOU READY TO PROCEED?T <Y OR HJ [¥]
DO YOU WRNT T3 ADD CABLES TO END OF LIHE? (Y OR N> (H]

Figure 10. Example showing procedure to correct entered elevations.

After those data from the appended line are filed, you are asked if you
want to add cable positions to the end of the lime. If you reply with
an ¥ (as was done in this example), then the program ends; if you enter
a Y, then the program returns to that point immediately after where you
had entered area and line information.

Let us now trace through the surveying data program to see how
elevation data are added to the end of an established line. Tigure 11

CORRECT AMD-OR ENTER SURVEVING DATA FOR 6-FOLD, 2-HaY STATICS PROCEDURE
DO YOU HAMT TO CORRECT EXISTING DATA?T (7 Ok W (]

ARER <24 char) = ICCUSTRAYTUE TEXARFLE)
LINE HUHBER ={3f

0O YOU HANT TO ~00 CABLES TQ LIUE? ¢ QR Wy (T
DU YOU HAHT TO A0D CABLES TO BEGIHWIUG OF LINE? ¢¥ Ok W[N]

INSERT DATR TAPE I[N 4924
HUMBER OF FILE COMTALHING OLD UQLUES = (23]
WUMBER OF CABLES TO BE SDOED = |1

Hew PH of last SP = (111

P GROUMD_ELEV

89 188. 3

31 183.1

93 1eé

33 118.4

327 160.8

39 160.9

194 ti.y

183 111.2

183 11.3

187 1.1

189 11

i L 118.9
00 YOU HANT TO TABULATE EMTERED DATAT (Y OR WX [¥]
DO YOU HANT TO TABULATE ON PRINTER? (Y OR 1|

Figure 11. Example showing surveying data added to the end of a line.
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is a screen copy showing an example of how these data are to be entered.
The routine is essentially the same as for appending data to the begin-
ning of an existing line except that new PN of the last SP is computed
and printed rather than the new first SP.

A tabulation and plot of the data entered in figure 11 are shown on
figures 12 and 13 respectively, following which is a copy of the screen

AREA: ILLUSTRATIVE EXAMPLE  LINE NUHBER: 3

HO OF CRBLES=4, TAKEOUTS-CABLE=12, HO OF STn=63
PH INT (n-PHI=i.3, FIRST SP PH=-13, LAST SP Plsiil
HERR SEIS 0-S FOR FORHARD SPD (n)> = 21

HERR SEIS 0-3 FOR REVEKRSE SPD (n» = 24

SURFALE ELEUnTLONS:
P! ELEY

N PH ELEY i ELEY 1] ELEY
=13 189.6 -1} 199.3 -3 116.0 -7 199.9
-3 199.9 -3 199.4 -1 189.3 1 189.4

3 183.3 S 168.39 ? 188.3 3 167.9
11 197.8 13 107.2 1S 196.3 i7 186, |
19 186.1 21 106.2 23 196.2 23 186.2
27 188.3 29 106.3 3t 106.8 33 186.3
33 196.9 3? 197.1 35 187.3 41 168.9
43 l6e.3 43 183.1 4?7 185.?7 495 {18.2
St 116.2 33 111.1 33 111, S$? 111.3
9 111.2 3 111.9 63 111.9 &3 118.3
(14 189.7 639 198.38 4 186.9 s 192.4
7 186.3 27 168.3 9 196.3 81 196.3
83 166.3 33 106.8 37 192.3 39 188.3
1 189.1 93 118.0 9% 118.4 7 118.8
99 118.3 181 111.1 183 111.2 163 111.3
197 111.1 199 111.8 I 110.9

DO YOU WAMT TO PLOT ELEVATIONS? ¢¥ OR Wy (%)

Figure 12. Tabulation of surveying data showing complete line after
adding a cable position to the end of the existing line.

ILLUSTRATIVE EXAMPLE, LINE 3 FROH PN -13 TO PN 111
MEIN ELEU={B6.1 AT PH 47 AHD MwnX ELEU=111,3 AT PN 327

Figure 13. Elevation plot for the entire line after adding one cable
position to the existing line.
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display (fig. 14) of the procedure used to store these results.

DO YOU WANT TO RCCEPT ENTERED ELEUATIONS? (' OR HNJ (¥]
FILE NUMBER =[(ZJ]

REQUIRED FILE SPACE = 1024

IS RESERVED FILE SPACE SUFFICIENT? <Y OR N> [¥]

INSERT DATA TAPE IN 4924

ARE YOU READY TQ PROCEED? (¥ OR M)

PROGRAM COMPLETED

Figure 14. Example showing procedure to store appended line of data.

Figure 15 is an example of the procedure used to correct existing
surveying data.

CORRECT AND/OR ENTER SURVEYING DATA FOR 6-FOLD, 2-WAY STATICS PROCEDURE
DO YOU WANT TO CORRECT EXISTING DATA? ¢¥ OR M) (7]

INSERT DATR TRPE IN 4924
MUMBER OF FILE CONTAINING OLD VALUES = (23]
PN at @alavation to be changed =
0ld value =
New value =/186.5
DO YOU WANT TO CTHR ANOTHER ELEVATION? (Y QR N> E

DO YOU WANT TO ENTER HEW ELEVATIONS? (Y OR HJ []
PROGRAM COMPLETED

Figure 15. Example showing proéedure to correct surveying data.
DISCUSSION OF PROGRAM TO CORRECT AND ENTER FIRST ARRIVALS

The program begins by asking if you want to correct existing first
arrival data. Next, entry of a sufficient amount of location data is
requested so that when the elevations and first arrival data tapes are
entered intoc the statics-computation program, verficiation can be made
by the program that both groups of data are from the same line in the
same area. First arrival times on six forward spreads followed by first
arrival times on six reverse spreads then are entered. After the input
data are tabulated (optional), they are stored on magnetic tape.

Each first arrival data tape allocates space for 12 sets of first
arrivals, & number representative of a logical unit of work (LUW) as
previocusly discussed. Note on figure 2 that spread G is shot wholly into
the cable 2 position. After spread F (the last spread in a LUW) has
been shot, the cable cccupying the cable 1 position can be picked up and
moved to the cable 3 position beginning at PN 73 (fig. 2).

What happens if a logical unit of work has not been performed? 4nd
this well can happen; for example, assume spread G on figure 2 is the
last spread on the line. Also, instrumentation failures necessizazing
cessation of field work have been known {at least in our work) to occur.

15



These two interruptions are handled differently. If field work has been
halted temporarily, then you wait until work is resumed and enter the
data after a logical unit of work has been accomplished. If the end of
the line is reached before a full logical unit of work has been shot,
you reply to the question: "Has a logical unit of work been shot?" with
an N; enter the number of spreads shot, as prompted; and then proceed %o
enter what data you have taken--the program will assign zero values to
fill the remaining allocated space within the dimensioned arrays.

Figure 16 is a copy of the screen display showing an example of

CORRECT ANO-OR EMTER FIRST ARRIVAL DATA FOR 6-FOLD, 2'H~( STATICS
NOTE: LOGICAL UNIT OF WORK (LUW) REFERRED TQ [M THIS PRGGRAW
CONSISTS OF RECORDS TAKEH USING TW@, 12-TAKEQUT CABLES
SHOT FROM SIX FORHARD AND S1X REVERSE SOURCE POINTS.

DO YOU WANT TO CORRECT AM EXISTING F8 DwTA TAPE? ¢t OR H>[H]

AREA (24 char) = Jgu TRATIUE EXARPLE]

LINE NUMBER ={3
WAS A LOGICAL UNIT OF WORX PERFORMED? (¥ OR M)
PH INT. <(msfM) = (I,
PN OF FIRST SP = =13 "
NEAR-TRACE 0/S FOR FORMARD SPDS (my =[37
HEAR-TRACE 03 FOR REVERSE SPOS (n) = |24
PN OF LAST SP = 59

ARE YOU READY TQ PROCEED? (Y OR ) (7]

SPYPMI-13  SPREAO FROM PHIL TO 23
TRRCE PN OgFSET FIRSI3%3§!Q£L TIHE
.

1 L
2 3 34 38.2
3 ] 3 1.3
3 ? 3a 4213
s 3 33 431
H 11 3s 3709
? 13 39 9.8
3 13 2 54.3
3 17 4s 33.3
10 19 8 3.3
1 2 sl $2.3
12 a3 34 $7.2

Figure 16. Example of first-arrival entries.

data as entered into the first arrival data entry program. In this
sample, only data for the first spread (PN 1 through PN 23) as shot from
the SP at PN -13 are shown.

After first arrival data are entered, you are asked if you want to
tabulate what you have entered. If you reply with a"I, you are given
the choice as to whether you want to tabulate on the printer or on the
screen. A printer is not included in the list of the equipment required
to run the programs of this report. However, its use will speed the
operation of the programs and will save space in presentation of results
of this report. Figure 17 is a reduced copy of the ftwo screen displays,
combined here on one page, to show a tabulation of the data entersd for
the first logical unit of work for the illustrative example.

Finally, you are given instructions and prompts (botiom of fig. 17)
for storage of first-arrival data on tape. ter storing, the progranm
reads the tape to check on the retrievability of what was written on it.
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ARER(RS) ILLBSTRRTIUE EXAHPLE  LINE HUMSER(LO>: 3
NO OF 3PDS=g, NO OF TRW CES'I HO OF STh=37

PN INI(PQ)-I S, FIRST 3 P PHCP1)a=13, LAST SP PH=99
NEAR 3E1S 03 FOR FORH&RD SPD (X35> = 21

HEAR SEIS 03 FOR REUVERSE SPD (X4) = 24

FIRST ARRIVAL TINES FOR FORKARD SPRENGS
SPQM3-13 SPREAD FROM PH | TO 233 Ti(1,K>

4o 7 8.2 48,3 42.8
4S.1 42.3 33.5 §4.S
38.9 39.3 2.3 97.2
SPOPH -9 SPREAD FROM PH S TO 273 T1¢2,K»
34.3 38.3 39.3 42.-
44.3 4? 3 uﬂ.l 34.3
$?.9 .3 4.3 82.2
SPePH -3 SPﬁERD FROY PN 9 TO 313 Ti34KD
33.3 36.8 38. .8
44,1 *?. 51.3 $4.3
38.3 4.8 82.2
SPOPN -1 SPRE&D Fﬁﬂn PH 13 10 353 T1(4‘K»
32.1 3 ‘ L] .4 2
44.3 48.3 31.5 S4. 5
$2.3 .8 4.0 &7,
SPePH_3 bPRiﬂD FROH Pﬂ l? TO 333 Tl(SvKl
38.9 34.2 3?.?2 42.5
48.1 48.3 $9.8 34 5
$7.3 8a.3 83.8
SPEPH ? SPREAD FROM PH 21 TO 43! T\(o.K)
8.2 34.2 32.6 42
43.2 46.9 49.9 54 S
6.3 39.8 €3.9 ar.2
FIRST ARRIVAL TIMES FOR REVERSE SPREADS
SPEPN 39 SPREAD FROM PH | TO 233 T2¢1,X
69.8 . o $9.5
5o | 32.? 49.3 46.9
42.9 32.7 35.8 .
SPIPH 43 :PRERD FRON PM 3 TO 273 T2¢2,X>
70.9 [ §2.3 $9.4
Ss8.3 52.7 49.8 49.9
4.4 42.8 339.3 k4
SPOPH 47 SPREAND FROM PY 9 T 313 T2<39K1
79.9 ae. % 03.5 ad.3
Sa.3 S4.1 Sl 49. 7
472.8 43.3 33.4
SPePH S| 399290 FRUM PN 13 TG 383 T2<4,X>
-1 7.8 83.8 al.2
S8.7 '5.4 S4. l 8.3
2.7 435.4 42.4 39.4
SPUPN 33 SPREAD FRUM PN 12 TQ 333 TZ\S-&)
3.8 82.2 8.7 82.7
88.1 Ss. 9 3.7 Sl 4
48.4 43.4 42.3
SPePM 33 SPREAD FROM PN 231 TO 43! T2(5pK)
9.3 38,4 és.? §2.3
$9.4 $2.1 4.1 Si.t
48. 4 45.3 43.1 4.9

DO YOU WAMT TO CHANGE ~M ENTERED FB TIHE? <V UR M> (H]
FILE MUMBER = (23]

REQUIRED FILE SPACE = 183§

IS RESERUED FILE SPRCE SUFFICIENT? (Y OR M) [¥]
INSERT FB DATA TAPE [N 4924

ARE 'YOU RERDY TQ PROCEED? (' QR W)

PROGRAN CONPLETED
Figure 17. Tabulation of first arrivals for first logical unit of work.

Figures 18 and 19 show the first screen displays and tabulations of
first-arrival data entered for the second and third logical work units
used in the illustrative example.

Figure 20 shows examples of the procedure used to correct previous-
ly entered first arrivals. This program segment would have been brought
in if you had answered the first gquesiion of the program with a T.



Figure 18.

CORRECT AND-UR ENTER FIRST ARRIVAL DATA FUR E€-FOLD,

2-HA'Y STATICS

HOTE: LOGICAL UNIT OF WORK (LUW) REFERRED TO IN THIS PROGRAI

CONSISTS OF RECORDS TAKENW USING THO,
SHOTV FROM SIX FORHARD ~lD SIX REUERSE SGURCE POINTS.

12-TAKEGUT CAHBLES

DO YOU WAHT TO CORRECT Al EXISTING F8 OATA TAPE? <Y OR W> (W]

RRER (24 xhar) ‘L}LLUSTR&T!“E EXAMPLE |

LIHE NUMEBE

WAS A LOGICAL UHIT OF WORK PERFORMED? (¥ OR M3 [T)

PH INT. (w/PH) = IS
PH OF FIRST sSp

i 1)
HEAR-TRACE 0-S FOR FORNARD SPDS (m) =|21
HEAR-TRRCE 0/S FOR_KEVERSE SPGS (m) =24

PN OF LAST SP = 83

ARE YOU REAGY TO PROCEED? (Y OR H)EE

ﬁREﬁ(AS)' XLLU:TRQTIUE EY&HPLE
HO OF SPOSag TR

ACESa12

0 aF
PN le(PO)ll Ss FIRST 3P PN(P!/-Il. LAST SP PH=33

LIME MUMBER(LD):
STha=37

N@ OF

HEAR SEIS 0/ FOR FORMARD SPD (X3) = 21
NEAR SEIS 0sS FOR REVERSE SFD (X4) = 2¢

Flsg; ARR TURL TIHES FOR FORKARD ;PRENDS

11 SPREAD FROM Py 23

. .S 3a.4
43.3 4..3 43.
- S8. 1 $3.4
SPePH 1S _ SPREAD FRUM PN 29
23,7 33.4 38.4
42.? 6..9 43.4
6.4 63.3 83,8
SPPH_19 SPREAD FROM PH 13
3a.3 33. 8.9
43.8 4..9 30.5
3?.8 .2 4.7
SPePN_23 SPREAD FROM PY 3?7
32.4 33.3 39.1
6.2 49.7 53.-
83,2 82.7 83.7
SPUPN_27  SPREAD FRQH U 41
33.3 Ja. 48.3
47.4 53.9 $4.4
$9.9 62.3 64.9
SPePN_31 SPREAD FROWM PN 43
34.9 38.4 -41.3
48.9 S4.1 S4.4
S59.4 62.7 63.3

T0

T1C1,KD
2.
S4.
8?.

e

TQ S13 T1<2,K>
42.8

T0

TQ

Ta

T0

.
[* 1

82.2
353 T1¢3,k0
2.8
$4.5
37.3

87.2
393 T1C4,K>
42.38
24, S

67.2
833 T1(5.KJ
42.8

S4. 5

872.2
(T4 ] Tl(Svk;
s4.%

2.2

FIRST ARRIVAL TIMES FOR REVERSE SPREADS
SPePN 63 SPREA

71.4 68.2 63.3
33.7 5..4 S4.1
43.3 .1 43.3
SPIPN &7 :PREAD FROH PN 23
T9.2 7.3 4.3
39.2 8.3 33.%
43.9 48.3 44.9
SPOPH 71 SPREAD FROM PH 33
9.3 aa. 38 4.2
8.9 $5.2 3.3
43.9 +8.3 44.0
SPOPH 7S SPREAD FROM PH 17
71.9 a3.2 §6.8
él.s 35.1 $8.7
1.7 48.2 435.2
SPUPH 73 SPREAD FRUH PH 41
4.3 1.2 83.4
4.4 él.3 $3.4
$2.3 49.8 4%.9
SPUPH 83 SPREAD FROM PH 48
4.2 2.2 3.7
a4 §1.2 38.2
1.2 48.3 4%.4

00 YOU WAHT TQ CHAHGE »HM ENTERED FB TIMET Y OR H)E]

FILE NUMBER = (5]
REQUIRED FILE SPACE = 1338

IS RESERUED FILE SPACE SUFFICIENT? .7 QR M)(f}

INSERT FB DATA TAPE [N 4924

10

TQ

TQ

0 FROM PYH 25 TOQ 425 T2C¢14KD

b

“
.

2‘.2.“

e

(v}

[\

3,

»
-

o s

2¢4, K>

[V
-
(2]
-
»
~

a. (V]
EA I IR PV YR AT Y TN NI RATY T T )
puy

PO IR BRFHITY ISPy ¥ Do utpui- et gty

o« o

R

[
"W
.
[
-
x
~

NUWARDOL —BNU—AR LR SANG AL

ARE TOU REAOT TG PROCEED? <Y OR W) (7]

PROGRAM COMPLETED

First page of data entry and tabulation of

for the second logical unit of work.

18

.

first arrivals



CORRECT AND-OR ENTER FIRST ARRIVAL DATA FOR &-FOLD,
HOTE: LDI-ICM. UHIT OF WORK (LUW> REFERRED TQ IN THIS P

CONSISTS OF

RECORDS TAKEN USIHG THE,

2‘"&2 STATICS
12-THKEOUUT CABLES

SHOT FRUM SIX FORMARD wHD 31X REVERSE SUURCE POINTS.
DO YOU HAMT TO CORRECT Al EXISTING FB DATA TAPE? (Y 0R W) (H]

AREAR (24.cm2; '1 ILLUSTRATIVE EXAHPLE |
a

HAS A LOGICAL UMIT OF MWORK PERFORMED? (Y OR N)

LINE HUHB!

PH INT.

(P =

PH OF FIRST SP =

HEAR-TRACE 0-S FOR FOKHARD SPDS () = E
HEAR-IRACE 0/S FOR REVERSE 3SP0S (W) =
Pl OF LAST 5P = 187

ARE YOU RERDY TO PRUCEED? (Y uR ll)E

“Eﬁ(ﬂi)‘ ILLUSTRQT!"E EXAHPLE
SPpS=g, HO UF
PH INI‘\PQ)-l Sy

TRACES=12, NO OF
FIRST 3P PN\P‘)‘JSv

LINE NgHgER(LB)‘ 3
LAST P PHa®?

HEAR SEIS Q-3 FOR FORHARD 3PO (M35 = 2t
HEAR SEIS 0-3 FOR REUERSE SPO (X4 = 2¢

FIRST ARRIVAL TIMES FOR FORWARD SPREACS
SPePN 33

SPREAD 5R0ﬂ Pf: 49 T2 71% TICL, XD
48.4 3 . $3.4 $4.3
$9. 9 64,3 a7 ’
PPN 33 S?QEQQ FRON PM_33 To 7 t Tl\2 K>
3?.8 C N 43. 42.8
48. 1 l.4 <4, 54.5
$3, 8l.3% §3.2 §2.2
SPUPH 43 SPRERO FROM PM $7 TO ?9! TICIoK)
37.8 49.3 42.8 -.o
48.9 S1.2 33.?7 $4.8%
$9.3 é3. §2.3 7.2
SPUPN_47 SPREND FROM PH 51 TO 333 Ti<4,K>
3.9 41, 4.1 42.8
13.2 Sl ; gg.l 34 S
SPePH_S1 :PRE:.D FROM PN 05 TQ 37! TllS'K)
39.2 .S 44.8 42.a
S@. ! 34.- 38.1 34
€3.1 39,2
SPePN SS SPRE:@O FROH PN 69 TO 9!3 Tl‘b’
38.8 4.3 44.1 42.
3201 $3.9 39.1 siis
83.2 63.1 §7.68 62.2
FIRST aRR{VAL TINES FOR REVERSE SPREADS
SPOPN 87 SPREAD FROM PHM 49 TO ?1; T2¢i,X>
73.8 7.4 68.7 e3S.1
8. 1 $8.3 <s. l 2.3
49,3 48.a 42, 38,8
SPOPN 31 SPREAD FROH PH 33 TQ 735 T202,K>
r4.1 78.4 7.8 §4.3
éd.a 54.3 34 ! 1.1
42.3 39.8
SPEPH 39S S’Rﬁﬁo FRO" PN 5? 70 793 T2¢3,K>
7.1 79.3 87,
8i.3 Sc.n 34 l 59.0
43,2 8.3 o1 42.8
SPEPN 39 SPREﬂO FRUM 9“ nl T0 833 T2¢4,K>
73.8 79.3 62.58 3.
83.4 50.5 4.8 s2.8
$9.5 48.4 48.3 41.7
SPUPH 183 SPREAD FROM PH 83 TO 3725 T2(3S,X»
3.8 63.9 66,4 82.9
6d.a 8.4 .o.§ Se.4
$1.8 472.2? 43. 39.3
SPEPN 187 SPREAD FROM PH 59 TO 3135 T2¢8,X>
72.1 63.3 ae. 2 64.3
82. ! 88.8 7.2 $3.3
43.3 48.2 41.7 38.?7

DO YOM WAHT TO CHAHGE AN EMTERED FB TIHET (¥ OR 1 [H]
FILE MUMBER = (2§

REGUIRED FILE SPACE = 1833

IS RESERVED FILE SPACE Slericient? ¢
INSERT FB DATA TAPE IN 4924

ARE '7OU READY TO PROCEED? ¢ OR M) (]

PROGRAM COMPLETED

orR W (¥]

Figure 19. First page of data entry and tabulation of first arrivals
for the third logical unit of work.
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CORRECT at0-0R ENTER FIRST ARRIVUAL DWTH FOR 4-FOLD, 2-HA"

HOTE: LOGICAL UNIT OF HORK (LUW3 REFERRED TDQIN TH;S FROéizz“Tlcs
CONSISTS OF RECORDS TwKEN USING THO, 12-TAKEOUT CABLES
SHOT FROM S1X FORHARDG ARD S1X REUERSE SGURCE POINTS.

DO YOU HANT TO CORRECT &l EXISTIHG FB Oa ? ot oR M G
INSERT FB OATA TRPE (M 4924 £.08 AT gy cr e el
AREA: ILLUSTRATIVE EXAHFLE  LIME HUNGER: 3

DO YOU HAHT TO CHAMGE FB TIHE OW FUR :
SPREAD HUHBEK (| THRU &> WITHIN LUW = SPREADT o OR W)
TRACE MUHBER = 3

Uld valua = 7
00 v:)‘?nuu:aﬂ"?o'c"ﬁzﬁ's Ml

4 ; CHAWGE RHOTHER URLUE? (Y OR N> [H
SPRERG HOHEER <1 THRG 53 WITGIN LG CRgy SPRERDT (¥ UR W)

[ E]

TRACE HUMBER =] - -

O0ld valua = 38,7

Hau valua ={37,7]
0O YOU HAHT TO CHRHGE RHOTHER URLUE? <V OR > [H)
G0 (00 WAHT TO CORRECT AHOTHER FB DaTA 7 <y ki
INSERT FB OATA TAPE IN 4924 B TE o srzs] M ¥l
gssa:w "gt:ﬁt?f}”ﬂe m:énggt.s LINE HUHBER: 3

o 2 CHA TIHE OM FORKARG S T
SPREAD HUHBER <] THRU &) HITHIM LUM -gﬁ FRER0T v or W2
TRACE HUHBER

0ld valua = Tg.$

Hew value =(4a.3

YA "
00 70U HAHT TO CHAIGE AHOTHER VALUE? <t OR W) [il]

00 YOU WnHT TO CORRECT AHOTHER FB GATA TAPE? (¥ OR M) |l
00 10U HAHT TO ENTER HER FIRST ARRIUAL CATA? }‘:' orR 1

PROGRAI CUHPLETED

igure 20. Copy of screen display showing examples of procedure to
correct stored first arrivals.

Now that the surveying and first arrival data have been entered,
stored, and corrected, let us use these values to compute static cor-
rections at each detector position for each spread shot.

DISCUSSION OF PROGRAM TO COMPUTE STATIC CORRECTIONS

The program begins by reading a series (three for the illustrative
example) of first arrival tapes each containing 12 sets of first break
times--one logical unit of work. It then reorders these data to make
them appear to the computer as if data for the complete line had been
entered from one data tape. After determining the total number of PN's,
the program asks for the surveying data-tape to be inserted and then
reads from it only those elevations that it needs for the computations.

The program then pauses and gives you time to verify that correct
data sets have been entered. In the illustrative example, as shown on
figure 21, first arrivals and elevations were all obtained along line 3
and the line extended from the SP at PN -13 to the SP at PN 107. Note
that the logical units of work in this example (filed in files 24, 25,
and 26) begin at SP's whose PN's are separated by a comstant--in this
illustrative example equal to 24. If the surveying coverage had been
insufficient, an error message would have been printed on the screen. By
replying with a T to the question as to whether the data sets are in
agreement you have given the program the signal to continue.

Although the example on figure 21 shows that we have requested a
tabulation of the input data on the printer, in the interest of reducing
the number of pages in this report, let us assume this has been done
(the input data can be found in the previous examples--fig. 12 for the
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elevations, and fig. 17, 18, and 19 for the first arrivals), and go to
the next set of entries.

COMPUTE STATICS USING SIX-FOLD, THO-WAY PROCEDURE
NUMBER OF FIRST ARRIUVUAL DATA TAPES =

INSERT # 1 FIRST ARRIUAL DaTA TARPE_IN 4924
FILE NUMBER OF # 1| FB DATAR TAPE =
AREA: ILLUSTRATIVE EXAMPLE; LINE:3; RST SP@PH =135 LAST SPePH 9

INSERT # 2 FIRST ARRIUAL DATH TAP y 4924
FILE MUMBER OF % 2 FB DATA TAPE = |25
ARER: ILLUSTRATIV EXANMPLE; LINE:3; RST SPePH 11; LAST SP@PH 83

INSERT # 3 FIRST ARRIVAL DATA TAP 4 4924
FILE HUMBER OF % 3 FB DATA TAPE = .
AREA: ILLUSTRATIVE EXAMPLE; LINE:3; RST SPEPN 3S; LAST SPEPN o7

TOTAL MUMBER OF SPREADS SHOT = 18

INSERT SURUEYING-DATA TAPE IM 43924 FILE NHO. = @
AREA: ILLUSTRATIVE EXAMPLE; LINE:3; FIRST SP@PH -13; LAST SPEPN 111

ARE DATA SETS IH AGREEMENT? (Y OR W)

DG YOU WAHT TO TABULATE INPUT DATA? (Y OR HJ
DO YOU WANT TO TABULATE OH PRINTER? (Y OR N (Y

Figure 21. Screen copy showing first page of entries for the static
correction program.

Here you are to enter the estimated velocity in the LVL, the esti-
mated velocity immediately below the LVL (the sub LVL), and the assumed
datum velocity. In the illustrative example these values are 0.5, 1.0,
and 1.25 km/sec (m/msec) respectively, as shown on figure 22. 4 full
discussion of how these velocity estimates are made is beyond the scope
of this report; however, a brief mention may be in order.

ESTIMATED LUL VEL =(8.5
ESTIMATED SuB-LUL UVEL =)1.8

ASSUMED DATUM VEL =|1.23%
DATUM ELEUVRTION =S8

DO YOU WANT TO TRBULATE STATIC CORRECTIONS? ¢ OR N» (]
DO YOU WAHT TO TRBULATE ON PRINTERT ¢V OR M) [¥]

DO YOU WANT TO_STORE STATIC CORRECTIONST <% OR W) (]
FILE NUMBER = [27]

REQUIRED FILE SPRCE = 11284
IS RESERUED FILE SPACE SUFFICIEHT? (Y OR H)E

INSERT STATIC CORRECTIOMS TAPE IN 4924
ARE YOU READY TO PROCEED? <Y OR M)

PROGRAM COHMPLETED

Figure 22. Screen copy showing second page of entries for the static
correction progranm.

The best procedure for determining velocities is to run a series of
downhole velocity surveys to measure the vertical velocites and their
lateral variations directly. Ia a coal-development prospect, these data
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may be obtainable by conducting downhole surveys in exploratory holes at
scattered locations. If no holes are available, the next best course is
to determine an approximate evaluation using refracticn methods. Here
you must be aware of severe anisotropy that may exist, particularly with
shear-wave propagation. Another basic procedure is to view the final
seismic section and observe if there exists a correlation (negative or
positive) between the coal-horizon reflections and the topography. If
the correspondence is untenable geologically, you can rerun the statics
program with a different set of velocites and then review the new dis-
play of the seismic section.

A tabulation of the static corrections obtained with the velocites
as entered on figure 22 is shown on figure 23. Here the printer was
used, the results reduced in size, and both the static corrections for
the forward and reverse spreads displayed on cne page.

After tabulation, static corrections together with information
needed to plot elevations and adjusted first arrivals are stored on
tape. Because of the limited memory (32K bytes) of the computer for
which these programs were written, the computation and plot programs
were written as separate programs. If the user's computer has a larger
memory, I suggest that these programs be combined.

DISCUSSION OF PROGRAM TO PLOT ADJUSTED FIRST ARRIVALS, GROUND
AND LVL ELEVATIONS, AND TIME TO DATUM AT EACH STATION

Figure 24 is a copy of the screen display showing the three sets of
plots {on one sheet) produced by the last program of this report. After
inserting the data tape produced by the statics correction program in
the 4924 and entering the number of the file in which the data are
stored (27 in this this example), you are asked to supply the tickmark
intervals you want on the plots. To assist you in these choices, dif-
ferences between the minimum and maximum values (to the nearest integer)
of the quantities to be plotted are printed. However, before these
tickmark intervals are entered, let us discuss the quantities that are
computed and plotted by this program--more is shown than the side labels
(being limited to one size of lettering) of these working plots imply.

The upper set of curves on figure 24 are the adjusted FB's (first
arrivals) versus spread distance in meters for each of the 18 forward
and 18 reverse spreads of the illustrative example. Adjusted FB times
are those after delay time at the SP and delay times at each detector
position have been subtracted from the observed first arrival times. The
inverse slopes of these curves thus equal the horizontal component of
the sub-LVL velocity. Because in the illustrative example a forward
modeling program tased on the same assumptions as used in the statics
computation procedure was used to compute first arrival times, the
plotted adjusted FB's on figure 24 appear with a smoothness and paral-
lelism that you could not expect to obtain with real data. The value of
this display will become patently evident after you work with real data.
For example, an incorrect entry of a FB time will be revealed as a bump
on one of the curves, a change in sub-LVL velocity along the traverse
will be shown as a set of slope differences, and an occurence of a body
of limited extent and anomalously low velocity within the LVL will be
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PLOT ADJ. FB’Ss ELEU, LUL, & STATIC CORR. FOR £-FOLD, 2-WAY PROCEDURE
INSERT DATA TAPE IN 4324 FILE NO.=27]
SELECT TICKMARK INTERUALS

Elevation difference
Elevation TM interval

Bled EE% Eﬂ:

Total trawerse distance
Traverse TH interval

Arrival time_difference
arrival tine TH intarval

it o st -

b OO ]
y o 0 e e -
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£ o LKL _
F 22l ‘h’h’h’h’h’h’h’h’h’h’h’h’h’h"" i
g 23: ’.’.”"”’.”"0”.” ” :

DO YOU WANT TO REPLOT WITH NEN TICKMARK INTERUALS? (Y GR N3 [N]
PROGRAM COMPLETED

Figure 24. Copy of screen display showing entries required and three
three set of plots produced by the plot progranm.
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shown as a bulge on all curves whose detector positions overlie its
central location.

The middle curve labeled "STATICS" is the strip-off time to datum
at each station occupied by either a SP or detector. Addition of strip-
off times at the SP and the detector yields the static correction.

The bottom curve labeled "ELEV" shows the elevation of both the
topography and the base of the LVL along the traverse. You can think of
this presentation as a two-layer interpretation of near-surface condi-
tions as revealed by a high redundancy ABC method. Thus, although the
principal topic of this report is a discussion of the determination of
first-approximation static corrections, you also should be aware that
the program can be used to meet other exploration objectives.

After the plots are scanned and copied and the screen cleared , you
are asked if you want to replot with a new set of tickmark intervals
(bottom line on fig. 24). If you reply with an N, the program ends; if
you reply with a Y, the program returns to that section of the report in
which the tickmark intervals are selected.

CONCLUSIONS

The computer programs of this report when supplied data from a six-
fold, two-spread-directicn field procedure can be used to compute an ac-
ceptable set of first-approximation static corrections. In addition to
their use in determining statics, the data obtained with the field pro-
cedure can be used for shallow-reflection surveying and for location of
near-surface features through employment of common-offset methods.

Thus, the programs of this report can be considered to be the first
step in a total seismic study.
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PROGRAM TO ENTER SURVEYING DATA

PRINT "L_CORRECT AND-/OR ENTER SURVEYIMG DATR FOR 5=FOLD, 2=WRY “;
PRINT "STATICS PRUCEDURE"

INIT

DIM A$C24),G3<L)

DATA 4.1

READ @1, Q2 _

REM #w CORRECT EXISTING SURYEYING DATR
GOSuUB 2429

REM #w ENTER SPREARD INFORMATION

GOSUB 229

REM w»w ENTER OR RPPEND SLEVATIONS

30su8 s29

REM #»» TABULATE ENTERED OATA

30SUB 729

REM #w PLOT ELEVRATICNS

30SUB 1150

REM #w ACCEPT ELEVYATIONS AND STORE ENTERED OATA
GOSUS 1338

PRINT "G_G.G.__PROGRAM COMPLETED*

END

REM #== SUB: ENTER spasao IMFORMAT ION
PRINT “__AREA <24 char) = *;

INPUT RS

PRINT * LINE NUMBER = *;

INPUT L9

GOSUB 1743

PRINT “__ NO. OF CABLES = *;

INPUT N2 :

PRINT "TRAKEDUTS/CABLE = *;

INPUT N2 .-

PRINT "PN INT. <(m/PN). = "3

INPUT PO

PRINT "PN OF FIRST SP = *;

INPUT P4 .

PRINT “MEAR-DETELCTOR O/S FOR FORWARD SPOS (md> = “;
INPUT X2

PRINT "NEAR-DETECTOR O/S FOR REVERSE SPOS <md =
INPUT %4

IF ABS(X3-X4>=2#P3 THEN 540

PRINT "G_G_G.OFFSETS MUST DIFFER BY “; 2=P9
GO TO 448

Com2nCN2-2)»FQ .

IF X3 AND X4<=C3 THEN %30

PRINT *._G_G_G.OFFSZT(S> TOO LARGE FCR PPOCEDURE«-HUS‘ BE <= ;9
30 TO 3209

P2RPL+(NT+X4) /PO+ 2w ML wN2=1)

PRINT " PM OF LAST SP = "; P2

N2=Q, Sw(P2-PL)+4

DIM EL<N3D

RETURN

REM +w= SUB: ENTER SLESVATIONS

E1=9

N?w1

NS=N3

PomPL-2

PRIMT “.. PN  GROUND ELEY"

FOR JaN? TO N8

PomPo+2

PRINT " "; P9 * ";
INPUT ELCTD

NEXT J
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718 RETURN

729 <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>