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Coal-seismic, desk~top computer programs in BASIC;
part 3: compute, tabulate, and plot normal moveout times
by
W. P. Hasbrouck
ABSTRACT

Data taken with the U.S. Geological Survey's coal-seismic system are
processed on a desk-top, stand-alone computer. Programs for this computer
are written in an extended BASIC language specially augmented for acceptance
by the Tektronix 4051 Graphic Systeml{ This report presents a computer
program to compute, tabulate, and plot first-approximation normal moveout
(NMO) times for the multi-layered, zero-dip case. A choice is offered between
computing with a constant root-mean-square (RMS) velocity within a selected
coincident-ray reflection-time interval or with a given wvariable RMS velocity
function, such és would be determined from a downhole velocity survey.

INTRODUCTION

Normal moveout (NMO) is the difference between reflection arrival times
due to the difference in shotpoint-detector distances. The particular NMO
computed in this program is the one for the horizontal multi-layer case in
which it is assumed that use of a root-mean-square (RMS) velocity function
will produce sufficiently accurate first-approximation results. Those
familiar with NMO, for whom this report is intended, will recognize that the
normal moveout velocity (VNMO) may be redefined so as to approximate NMO's
for the horizontal single-layer case (VNMO set equal to the interval velocity),
the dipping single-layer case (VNMO set equal to the interval velocity
divided by the cosine of the dip), and the dipping parallel multilayer case
(VNMO set equal to the RMS velocity divided by the cosine of the dip). These

1/ Use of brand names in this report is for descriptive purposes only and
does not constitute endorsement by the U.S. Geological Survey.



modifications to the VMNO's are easily accomplished by changing them before
they are entered.

One principal use of NMO plots is to guide: the picking of reflections.
Because it takes only a few minutes to produce a screen display of a set of
NMO curves;none can work interactively with the desk-top computer as the
seismic records are being picked so as to gain some feeling for the velocity
condition.

The program to compute first-approximation NMO with the U.S. Geological
Survey's coal-seismic system is written for use on a desk-top, stand-alone
computer. The language is an extended BASIC specially augmented by Tektronix,
Inc. for use on their 4051 Graphic System. In addition to the Tektronix 4051
Graphic System, a Tektronix 4662 Interactive Digital Plotter is called for by
the program. To copy the screen display, a Tektronix 4631 Hard Copy unit can
be used.

Extensive knowledge about the operation of the 4051 Graphic Syétém,is not
required ﬁo use the program of this report. To get started, the following
operafions neéd to be known:

1. Entering a program from.the keyboard.

2. Storing and retreiving a program from a magnetic tape, and

3. Entering information from the keyboard.

These tasks are well documented in the cémputer's operator's manuals.

Two sample problems are included in this report. 1In the first, ; set of.
NMO curves is computed using a constant RMS velocitﬁ. In the second, a set of
NMO curves is computed using an Rﬁs velocity function obtéined from results of
a downhole veloéity survey at a water well located in the southwest corner of
the Denver Federal Center. This survey was run by Bruce A. Kososki and Roberto

J. Martinez, of the U.S. Geological Survey. Table 1 lists the results of the



downhole velocity survey.

Table 1
Detector ) Vertical Average RMQ
Depth Time Velocity Velocity
 16.4 13.26 - 1.24 1.24
31.7 19.03 1.67 1.79
46.9 26.46 1,77 1.86
62.1 34.17 1.82 1.89
77.4 40.65 1.90 1.97
92.6 47.94 1.93 1.99
107.9 53.18 2.03 2.10
123.1 60.32 - 2.04 2.10
138.4 69.41 1.99 2.05
153.6 74.52 2.06 2.13
168.8 80.60 2.09 2.16
184.1 84.68 2.17 2.26
199.3 93.72 2.13 2.21
214.5 100.76 2.13 2.21

The computer program is self-prompting; that is, one does not have to
remember what to do next--the program tells you. In tracing through the
sample problems, you will notice that the program will cause questions to be
printed across the screen and that these questions will terminate with a
flashing question mark. The computer then waits for you to supply an answer.
Replies that you will need to enter from the keyboard are given in the
examples-~to make these responses more easily recognized, they are enclosed
in boxes on the figures.

The program is listed with a printer that cannot print an underscore.
This deficiency presents a problem in the display of control characters.
Four diéplay control characters are used in the program: G (rings bell), K
(moves cursor up one line), L (erases screen and mo?es cursor to the HOME
position), and __ (moves cursor to the left margin and down one line). 1In

the print of the program listing, these control characters are shown as G_,



K, L, and _ _
EXAMPLE WITH CONSTANT RMS VELOCITY

’In this sample problem, NMO values are computed, tabulated, and plotted
under the assumption that the RMS velocity within a specified reflection-time
interval is a constant. Figure 1 is a copy of the screen display showing the
first page of information required by the NMO program. You are first asked to
enter the spread information, distances in meters, and then asked if you want
to compute with a constant RMS velocity. Upon receiving the information'fhat
you want to compute with a constant RMS velocity, the program then asks you to
enter the constant average and RMS velocities (in m/msec) and the reflection
time intervals over which they are to be applied (in "msec from the datum).
Specification of the incremental vertical rgflection time, in this case 20
msec, tells the program how many curves you want. Finally you are asked if
you want to have the results tabulated.

Figure 2 is a copy of the screen display showing the results of:thg MNO
calculations. The numbers across the top of the célumns are the numberé of
curves and vertical reflection times respectively. The body of the iisting
gives the NMO times, in msec, for each of the 12 spread‘distances. Thus, for
a vertical reflection time (the reflection time of 0 spread distance) of 100
msec, the NMO time at a spread distance of 48 m would be 5.00 msec when the
RMS velocity is 1.5 m/msec. :

After the results are tabulated, you are asked if you want to have the
NMO values plotted, and on which plotter. If an N is entered in response to
the bottom question of figure 3, then the plot will be made on the CRT.
screen of the 4051 Graphic System. As shown on figure 3, you are also asked
to enter thé tickmark interval for the NMO values (in this case, 1 msec) and

for the shotpoint-detector distance, 3 m.
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Figure 4 is a copy of the screen display showing the family of NMO curves
specified by the entries made on figure 1. The labels at the right termination
of the curves give the vertical reflection time and depth respectively.

EXAMPLE WITH VARIABLE RMS VELOCITY

After an N reply is entered in response to‘the quéstion on the nature of
the RMS velocity function, (fig. 5), the program asks you to supply information
about the location at which the funection applies. It then asks, as showﬁ on
figure“6, that you enter data for each NMO curve desired. 1In general, the
information derived from a downhole survey (table 1) will not give the
vertical one-way times as integers. In using an NMO éhart, however, it is
easier to use these displays if the vertical reflection times are given as
integers. The program thus asks you to enter the one-way integar times that
you want for each curve, and then asks you to enter both the one-way times
and velocity values that bracket the desired integer wvalues. An example of
how these data are entered is shown in figure 6.

Figure 7 shows the interpolated values for the seven curves of the
variable RMS velocity function. Note that the range in velocity within the
bracketing limits is relatively small, (fig. 6); therefore, a linear inter-
polator is sufficiently precise for these NMO calculations.

Results computed for the variable RMS velocity sample problems are shown
in figure 8. 1In this tabulation, X is the source-to-detector distance ranging
from 30 to 63 m, and V.TIME is the vertical reflection time in msec.

Figure 9 is a copy of the screen display showing the information that
was entered in order to produce the NMO plots shown on figure 10. If the user
had elected to plot the results on the interactive.digital plotter (Y answer
entered to the last question on fig. 9), then the display shown on figure 11

would have been produced.
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NORMAL MOVEQUT CURVES USING RMS VELOCITIES
FROM DOWNHOLE SURVEY AT HOLE:DFC W-{ on Sept.!3,1979
- - IN AREA:Denver Fed. Center : T 2
. . . 48 34
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Figure 11. Reduced copy of display of NMO curves for the variable RMS
velocity sample problem using the 4662 plotter. Original size of the
outer border was 25.4 by 33.0 cm. Plot parameters are the same as
those shown on figure 9.



Program to compute, tabulate, and plot normal moveouts

FRINT “1_%0l HAYE SELECTED PROGEAM TO COMPUTE, TRELLNTE. AND PLOT";
FRINT " NOEMAL MOWEGUTSY

DIM AFC2A0 ERCDID DE0LZY, EFCd@, FECZ) GFEOL), MECIZ), TE2IY
DI I PECT
FRINT FREND INFOREMATION."

FPRINT ¢ Diztance Lo pear seizmomncter = %;
INFUT &=

FRINT ¢ Interwal beltwesn seizmomzlers = %
IMPUT =

FRIMNT "Humber of seizmoneters on sersad = %

INFLIT Hi2

DIM HEoFs, ¥od
Ha=a

M=

Ji=0

200 T MCT, HED

VOPRINT "__[ wOU pIONT TO COMPLTE USTHG A CONSTAMNT fMS YELOCITY WITHINY

FRINT * A SELECTED INCIDEMT-FREFLECTION TIME IMTEREVAL? <% OR NX "
IHFUT GF
IF GF="y
GOILB
G TO S20
Q=4 - ‘
FRINT “__ENTER CONESTANT-VELOCITY-COMPUTHTION FRRAMETERS"
FRINT " Azsumed constant aweraze wslocits = "
INFUT VS

PRINT ¢ Azsumed conpztant RMT welotifa ="
IMPUT WS

FRIMT "incident reflection Lime at start of Lnlerswal = '
INFUT T3

FRINT " Incremental wertical rsflecticon Limes = "
IMPUT T4

FERINT * Iacident reflection Lime at end of intorwval = Y
IMFUT T&

Hi=CTE-TZ0 A Td+1

DIF TOOQMFAYD. ZRCHLEFTY, TOHL+T, N2, WLHLY, Y2 ML

Y=l

2=

Ta=9

T=43

Za=q

TECLI=TZ

SOCLr=TaC ) /241 01D

THEM Z43
o)

"

) NEWT J

" FOR J=1 T Ml

FOR K=1 T M2

HOCK Y=L TS K1

Tod. T T R T T HE RO 3 T XM R I T =TT
MERT K

HEMT T .
o T M

FIRINT "_D0 wOU MAENT TO TABULATE HHD WILUEST O OR MO
INFUT 155

IF GE= 0" THEM 930

FHIGE

NI=INT LA ¥+




FOR KZ=1 TO N3
Fa=CEZ-1%F

FoR JI=14 TO 7

MA T =TACKS+T2

. RERISTY 2

1 TQ M2
=TIRKG+T. KD

”_"IT }'\
hE* . T .T

F'F:INT

FRINT "__DO YO LANT TO FLOT MMO VYALUES? (9 OR N2 "
INFUT GF

Il- GE="H" THEM 2373

IF Q=1 THEM 2Z4
FRINT "__ D0 Y0 MANT HMOCS WITH A DIFFERENT COMSTANMT i
FRIMNT "RMZ WELOQCITY? oY OR M> %
IMPUT GF
IF GF="N" THEMN 2I9
GO TO ZSa
PRINT "G.G_G._._.FREOGRAM COMPLETED"
EMD
FEM #x SDE: TAEULATE MMO WALUES
IF =1 THEN 33g
GOSUE 4220
a0 GIOoTO Lo
23 [F KZE=1 THEM 1929
3 At="HEAT"

G0 Ty 1933

AE="FIRSTY

FREINT "_. THELE OF HMO 2 FOR ";AF: " 7 HORIZONS":
PRINT ¢ UITH FMS YELOCITY = ";%e: " memsec”
IMAGE
FRIMT
ITMAGE
FRINT
IMRGE
FRINT kS
FOR K=1 TO M2
PRI USI 1@99:%8iﬁ3,M(1,K?,M(E,K),Mff,xi PR Ko, M S KDL MO KDL MOTF, KD
MEXT K
MOYE B, 8
FRINT
FETURMN
FEM ek SUBR: FPLOT MMOD YALUES
FRINT "__TICEMARKE IMTERMALS oM FPLOTT
FRINT ¢ HMD Tickmark interwal = "
ITHPIUT M1
FRINT "Diztance Cickmark interwval = '
IHFUT M2

- !J'l 3, j_ PN

b

T KL, K2, Kd+T, Kded, Ka+S, Kded, Kd+?

: :Hﬂ-ii" MAC20 MBCZD, MECH MBCSy, MBCSD, MBLT2
2D

Pty . 1803
PRINT u__cxu s u WENT TO PLOT OM 4852 PLOTTER? o8 OR MY v
INFUT 0%
1F G\f,_.unr " THF[J 1Z28
" JH

W3 oREAD POoR L R2.S
4 30 T 14»(;‘1

15



RESTORE 13236
CATA 4,1
G0 READ P KL
MOWE @18, 9

FOPAEW @40, 196

FORRM B31:41Z0. 3

FORAY 3108, 1668

12726 gpDRAW 31 -126. 8

1499 BIEZ=R2-B1

1446 85 85~84

1429 B3 -£4

14Z0 EI "HDEHHL MOVEOUT IM MSEC®

4449 JIF="SHOTPOINT-DETECTOR DISTANCE IM METERSM
14568 EFE="NORMARL MOVECUT IN MILLIZEC"

1450 ER="NORMAL MOVEOUT CLURVYES AT RMS YELOCITY = ¢
1473 HE="MOEMAL MOVELGUT CURVES USING PH= WELOCITIESY
1428 IF="FROM DOMMHOLE SURNEY AT HOLE:

1499 GOSUE 4520

1508 GOSUER 24738

1513 GOSUE 2224

1528 QoSUR 22248

1528 Gasue 23?

1548 G0SUE 22326

IF P=2Z2 THEM 15793

MOYE @1 :1Z2q. 189

HINOOM &, 128, 3, 189

VIEWFORT 3, 128 9, 168

MOYE 2.9

FRINT

G0 TO 278

HEM . SUER: FRINT TITLE AND LREEL REES

IF P=1 THEMN 12293

IF 3=1 THEM 1785

IMAGE "L_". 134, 45A

FRINT USIHG 1s509: H$

IMRGE 2H, Z88. VA, ", M12A

PEIMT USIMG 1a7a: IF Us, DF

50T ATES

IMAGE "L.", 18X, 48/, D, 20 " mdmsec

FRIMNT USING 1793 E$. Ve ’

IMAGE 48R, D 20 Y ndmsec

MIOVE BS+2wKL, B2+4

FRINT T 2"

MOVE 2, (B1+ES+CLEMIBF I ~L0wK23 /2

FOR I=1 TO LEMYES?

FE=SEGOBE, I, 1D ¢

FRIMT F¥F

HEAT 1

MOYWE CBa4+BES-KL«LEN{I$2 ) 2. B1-5

FRINT 1%

FETURH

FEM#xTITLE AND LABELS OM 4652 FLOT

FRINT 241, Lr [

FRINT m1, 29534

IF =1 THFN L3Ea

MOWE @12 6,14, %

TMAGE 4%H

S PRINT 24 USING LE29:HF
3OMOVE 318 3 5

9O IMACE 298, VR " on YL 12A
O PRINT @4: USING 1319: 1%, %, DS

sh T2, 52 L5 14, B2, 83
;k-;k4;81,Eh,E4;Eq;8?

bl

I3
Do

P Wt )

A

-
Dol

i

| ot ol Bl il

DAL LD O G G
W
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¥

MOYE B1:9, 2

FPRINT @1:"IN RRER:": A$

CO TO 1920

MOVE 315, 6. 6

FRIMT ®1: DSING 1720:Ef, VW8
MOVE @13, BSHOeK2

PRINT @1 T 2"

MOWE 311238, (B4+ES-LENC T3 0#KZI A2
FRIMNT @1:J%

MIWE @1 tBL+BZ+LENCKS KT /2, 3
FRINT @1, 254132

FRIMNT o1 . K$

PRINT 21, 25:98

FETURM

PEM ¢ SR PLOT BORDERS

IF F=1 THEM 2159

MOYE Ed, BL

ROREAM 9. BZ+3

rRORAM E2. 9

RORRM 8, -B3Z~-3

ROREAM —~ES, 3

GO TO 2219

MOYE 31.82-3Z, B4

B2=-B3

ROEAM @1:9. B3

RORAM 31 .8Z2+3, 9

ROREAM @10, -82

RDEEW 2L -B3-32, 8

FRETUREH

FEM ## SUB:DETERMIME MAX AMD MIN HGRMAL MOVEDUTZ

K
o

DI

FOR J=1 TO Ni

FOR-K=1 TO N2

MZ=MZ MIN TCJ, K>

Ma=Md PN TOJ KD

MEST K

NEXT J

RETUREM

REM #% SUR: PLOT AND LABEL MMD TICKMARKS
CL=BZA 0 Ma-MZ

Hi=MI s INTMIEAMLa+10

Gi=¢HL-MZr+CL

IF P=Z2 THEM 2Z3%Q

GOSUR 2978

RETLEN

MOVE S, BL

FHMOVE 9, G1

GOEUR 2430 .

FiOR I=1 TO INTCOMI=MIDA112

EMOYE 3. MLl

Hi=H1l+M1

IF HixM4 THEM 2420

GO% 2454

HE: I
RETLR
FEM st SUR: TICEMARK PLOTTING
fFORAM B0 2,

EMOVE &S
3 OROFAW 3 2.8

0 RMOVE B3-Skl K242

17



PRINT USIMNG "Z0D. D":H1
FMIYE S+l K22

RETLIREN

FEM % SUB: PLOT AMD LAGEL SP-DETECTOR DISTRNCE TICKMARKS
CL=88 CRd=-NZ)
HL=M2%(INT N2 AM20+12
Gl=0HL-R3 w1

IF P=3Z2 THEM 2648

GOSUB Zzon

RETURM

MOVE B¢, Bl

FMOVE 51,9

B3 GOSUB 2658

b GO TO 2788

B REM ¢ SUB: TICHEMARK FLOTTIMNG
RDEAW &, 8. 2

FMOVE B, B2+2. &

ROFRAM &, 8. 2

RMOWE -1, TKi, -BI-K2-3
PRINT @F: USIMG "ZD":H1
EMOVE 1. T#Ki, K2

7SR RETURNM

: W3 FOR I=1 TQ IMTCOX4-K2Z3/M2)
B Hi=HL+M2

IF H1i>X4 THEM 2328

RMOWVE M2%CL1, 9

G0ZUE 2680

NEAT 1

RETLURN

BEM #% SUR: PLOT HMO-S

IF P=2Z2 THEM 2379

GOSUB 2449

RETURN

PIIMHODW K3, B4, M2, Mg
WIEMPORT B4, BS, 81, B2

For J=4 TO N1

MOVE MZ, TOT, 40

FOR E=2 T N2

RORFAM HOCKI=HACK=L0, TCI, Ki=TCT, K-12
HEST K

FRIMT USING Z460:T80Y2;: 20¢.T2
MEST J

RETLUREN .

FEM % SUR: NMO TICKMARKS AMD VALUES, 4852 FLOT
MOVWE 31 :122. 14

¥S=1, 93

KS=14. 3

K7=3 4

EMOVE &1:-G1.3

GOGUR Zi19

FOR I=4 TO IMTCOMEA-MIIAMAD
FMOVE @1 ~MisCLl. 2

Hi=Hi+p1

IF HixmMd THEM 2100

COSUR Z44i0

HERT I

FETURN

R Ly i 4L L
OO DE D 0D R0 D

-
L

ll;l "El Do l"j Da R

REM 4% ZUB: TICKMARK FLOTTING
FDEAM 310, K7

RMOWE 231:8, B3-24K7

ROESM @18, KT

18



RMOVE ®1:9, -82

RMOVE @1 :KS, -K8

PRIMT ®1: USING “ZD. D" :HL

RMOVE @1:-~KS. K&

RETURM

FEM % SUBR: SP-SEIS DISTAMCE TICEMARES AND WALUES. 4682 FLOT
KS=2. 33«KZ .
MOWE 31 :125, B34-KS

PRIMT ®1: USING "ZD":X3

MOYE B1:B2-3. B4

Ka=2

RMOVE 21:6, G4

GOSUE =Z68

FoR I=1 TO INTCCH4-KIEOAM20

RMOVE 318, MZwCL

Hi=Hi+M2

IF Hi>kd4 THEM ZZ58

GOsUB ZZ68

MEXT 1

PRINT 31, 7:

RETURM

REM #% SUB: TICKMRARK PLOTTING

370 RDREAM 21:K7. Q@

RZEA RMOVE @1:83+2-2+K7, 2

2Z29 RDRAM G1KP. 0

2489 REMOVE &1 :Ks, -KS

2448 PRINT @1: USING "ZD":Hi

=428 RMOVE @1:-B2-32-K&, KS -
3420 RETURN

Z448 REM #¢ SUB: FLOT MMOCS. 4582 PLOT
450 FRINT &L, 17 K1, K2

3453 IMAGE 40, H 4D

478 WINDOM M2, M4, K364
428 YIEWFDORT B2.Bl, B4, BS
Z43u FOR J=L1 TO M1
508 MOVE @L1:Me+M3I-TOT, 10, K3
I51E8 FOR K=2 TJ N2
3 ROERW 3L TOT -1 0=T{0J, K NOCK K8 K~12

MEXT K

PRINT 31: USING Z469: 70T, 28I

HEXT J

RETUREM :

REM % SUE: COMPUTE NMO-S USTING YELOZITY FUNCTION
Z920 PRINT “__YOU HAVYE SELECTED T ENTER DATA FROM A DOMMHOLE SURVEYY
2598 FPRINT "o- Supreess area 23 characters, maxy o
g3 IMPUT RA$

FRINT "L Haole desisnation (7 characters.maxd "
THFUT Us$ .

PRIMT *__ Data date {412 characterz, max» "
INFUT DF

FRIMNT “"__ Humber of MMO curwez = %
ITHNPUT ML

CIM TOOMHLAF 2 WL, W2ONL, Z30HL+P 2, TONL+T N2>
Ta=if

MOVWE G a3

PEREINT

FRINT Y"LLEMTER THE FOLLCHMIMNG FOR ERCH NMO CURWE TO BE COMPUTED":
FRIMT " GMD PLOTTED"
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PRINT ™ Ore=wnd Time for curve to be comPulbed = T8, *

PRINT DUhzerwed ane—wad Lime lesz than T8 = TS Y

3 PRINT ¢ Ohzerywed ons-way Lime srealer Chan THA = T&, "
FRINT » Awsrase welocits ot T3 = V5, "
FRIMT " Rwerase welocity albl Ts = e, Y

PRIMT © EMS welocita at TS = Y7, and"

FRINT " RMS welocity ot T& = w3

PRINT “__C R”E 1-j4AY BRACKETING TIMES™;

PRINT » ERACKETING YELOCITES"

PRINT ™ MO, TIME, TR TS TE VS Wat;
FRINT " K o

FaR J=1 TO M1

FRIMNT * " 00 "

IMNPUT TB<J>

PRIMNT "K_ "5

IHFUT TS

PRINT "K. ";

INFUT Te

K=(TRC I =TS (T6~-TS)

PRINT "kK. <oy
INFUT ¥3 :

FPRINT “k_. "
INFUT we

WAL TN GHR NS -ED

2RI TRTRCT)

TEC I =2+TACTD

PRINT "K_

3 THPUT w7

GYOUSNE

[»)

5] PRINT “K_

48 PRINT ¢ "3
44 INFUT Y3

48 YRE T r=NTHGHUZ-YTD
K MERT J

e MOYE . 8

P

FRIMNT
FRINT “"L_INTERFPOLATED “ELOCITIES AND DERTH ws. "
3 PRIMT * WERTICAL REFLECTION TIME®
FRINT “__CURYE  REFLECTION AVG. FMS DEPTH"
FRINT * HO. TIME VELQCITY WELOCTITY"
IMAGE ., 20, 7. 20, 0 204 D 20, 34. Dn 20, . 84, 4D, D
FOR J=1 TO Mi
PRIMT USING 4158:J, TACID, WLCTd, Y20y, 28¢T)
4138 MERT J
4193 Q=2 '
4200 MOYE @, @
18 PRINT
FETURM
REM ## SUB: TABLE HESDING WHEN YELGOCITY FUNCTIOM ULUSED
PRINT "__  TRAELE OF WM S IN GROUFS OF 7 DEPTHIZY:
FRINT " OH THE WELGCITY FUNCTIOM®
PRINT "DERTH=";
IMAGE 3%, 30, GC8Y
PRINT USTHG ¢ :
FRINT " TIME=";
IMAGE 4D, D. - L 40 D
FRINT USTHG SZ05: M0, MAC2D, NSO, MO, M3CSh, MO0SD, MaL7
RETURM

O, 220, ZACE Y T, ZHCS TLOEY ZLOTD
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