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ABSTRACT

The main body of my study concerns the modification of the
Fortran Seismic Tnterpretation Program 1 (James H. Scott et al,
1972) from the Burroughs B-5500 computer to the IBM-360,
including the testing of the program with varicus models. For
a simple model, without too many structural irregularities the
computer plots are Tairly accurate. However, for more complex
models it may be off by as much as 10 to 30 percent. In gener-
al the computer tends to smooth out sharp drops in the depth
cross-section curve,

Included in my study is the computer interpretation of an
8,200 feet profile previously done by hand by Dr. Allan R.
Sanford. His results only differed slightly in a few points
from the computer interpretation. Other factors involved in
tne accuracy of the interpretation are the spread arrangements,
the layer velocity control in each spread and the positions of

the geophones, when the data 1s taken.



INTRODUCTION

Seismic refraction techniques have been used for decades
to determine the depth of crustal layers and the structure
of the earth crust but computations have usually been done
by hand calculation. A computer program to interpret the
seigmic refraction data was published by the United States
Department of The Interior, Bureau of Mines in 1972 under
the title of "Computer Analysis of Seismic Refraction Data'
by James H. Scott et al. The computer modeling technigue
can help the geophysicist to reduée the labor required to
complete an interpretation.

This report i1s a study of the application of the computer
program and its accuracy. By applyilng data problems that one
gets from various structural models, and to study the tech-
nigue for preparing sets of data decks and the spread ar-

rangement, in order to get the highest precision posible.



THE SEISMIC REFRACTION THEORY

The main quantity measured in the selsmlc refraction
method is the time between the initiation of the seilsmic
wave and the firet arrival of energy along the path between shot
point and detectors. The first arrivals are evidences of the
fastestltraveling waves which are longitudinal waves. By
cbserving first arrivals for a variety of shot detector dis-
tance; a time-distance curve can be constructed. The time-
distance relations can be analyzed in terms of the variation
with distance of minimum time paths. Then the elastic discon-
tinuities can be deduced from these variations, and can be
intérpreted in terms of the nature, depth, and attitude of

geologic units below the surface.

Ray Paths of Minimum Time

In a homogeneous, isotropic medium (Fig.l), a circular
wave is initiated by an explosion at point &, which is on
the surface. The longitudinal wave emitted travels with a
velocity V. Let this medivm overlie a second medium in
which the wave travels with a higher velocity Vi.

Waves striking st the contact of these two velocity dis-
continuities will be partially reflected back into the upper
medium and partially refracted into the lower medium. In
general, the refractions take place according to Snell's
law.

sin i/sin r = VO/Vl
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Fig.l Refraction wave paths for a single horizontal

velocity contrast.

Consider sin r=1, when the angle of refraction is 90 de-
grees. For this case, the incident angle is called "the
critical angle"

Sil’l iC = EO
Vi

The wave refracted at the critical angle may be con-

To
sidered as a disturbance traveling along the surface of the
gsecond layer, with the velocity of the lower medlum. The
waves then travel upward ancé advance in the upper medium at
the critical angle ic' Thus, wave energy may be considered
as going down to the surface of the discontinuity along a
path ab, at the critical angle 1, being refracted along
that surface as be and finally being refracted back to the
gurface of the ground along paths such as cd, agaln at the

same critical angle i . The path abed is a minimum time

path.



Two Horiszontal Layer Case

Congider the time-~distarce relations of ths case of a
single horizontal discontinuity at depth 7 (Fig.2) between
two media for which the wave Travels at velcocitlies of VO

and Vl‘

[

Fig.2 Minimum time path and time-~distance curve for two

layers.

The velocity of lower medium (V is greater than the veloc-

1)
ity of upper medium (V).
For the nearest detectors, the minimum time path is a

ray directly from the source, travel horizontally in the up-

per medium, to the detector at the velocity V.. So, the



time-distance curve starts oul as a sgtraight line through
the origin with the slope 1/V,.

Let X be the horizontal cistance from the gsource to the
detector such that

Lo = X/VO'

At large distances from the source, the minimum time
path is a ray that goes down to tThe surface of the discon-

tinuity et the critical angle 1. at a velocity V,, goes

along the boundary at a velocity V13 and then travelg upward

to the surface at the same critical angle 1. at a velocity

c

VO. The slope of the second part of the time-distance curve

ig l/Vl. The equation for the travel times of this phase can

be obtained using the relations




Let Tl be the total time along the refraction path abcd
and X be the horizontal distance from the source to a de-

tector. Then

We can now calculate the depth 72 in various ways. The
normal procedure is to use either the critical distance x.

or the intercept time Ti'

Lepth From The Critical Distance

The critical distance x, is the horizontal distance Trom
the source that a wave which follows the refracted path will

reach the surface at the same time as the one that traveled



the direct path.

At the critical distance x., TO = Tl’ and thus
2 2 i,
Xe . Xe o EE VizVu) frem vwhich
o i Vi Vo
Z - Ke (1 _4) Va Vo .
Y V.’L - ‘f@(
_ Jvt(? (\f_"i_ — ‘m"g
- } w2 5 E
f Vi = Ve
_ Xe [ NimNp oo ‘)
- z2 =

Depth From The Intercept Time

At the zero distance (X=0), the slope of 1/V, of time-
distance curve will intercept the time axis at T..

From equation (1),

2 2
e 7Y N kY
il . 2"1{“ Yo . Dﬂd
V’Lm\fm 2
7 . Lo __MNive
N (3)
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The Delay Time
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The delay time for any segment of the ray trajectory is

defined as the additional time for the wave to travel that

segment over the time which would be regquired to travel the

nhorizontal component of that segment at highest velocity

reached by the trajectory.
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Fig 3 Delay time.

In the figure 3, the delay time

is the travel time along

the segment AB of the wave path at velocity VO nminus the

time require to travel The distance

the delay time Dy is

bB at velocity Vl. Thus,




The time for a

required to travel

i

(]

refracted wave path ABCD 1ig the time

the distance X at velocity Vl plus.

the delay times for the two slant segments, 1.e.
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Multiple Horizontal Layer Case
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Fig.lt Multiple horizontal layer case.

Consider the multiple layer case in the figure U which
the strata consists of several horizontal layers of thick-
nesges  Zg, Zy, 22, ete., of succesgively increasing veloc-
1’ Vé’
various beds and refracted at the discontinuities are ceter-

etc.. The paths of rays penetrating to

mined by Snell's law. The delay time for each layer can be
RN

determined and the travel time along the‘path ABCDEEDCEBA



13

can be computed by substituting the delay time of each layer.

By Srellls law
sin i3 = VB/VA

sin i, = (Vé/WS)Sin iy = VE/VLL

I
<!
~
-~

sin iy = (V4/V,)sin i, /Yy
sin ig = (Vy/V,)sin iy = V,/V

There fore;

cos i3 Y A !ij%?::i,,,

cos 1p = v LTu V2 W

/ e ap -
§ oy YY)
COs l’] = of i - i \;.3_ !” 1,;_&_}
- q ;
i B
2 2 - F R
cOos8 1. O . 5 ff‘/ ’g_ — l\ \“{:‘) ;5 V.ﬁ_ 'E‘,

The travel times for the various wave paths, in terms of

delay times are;

ﬁ
M = —
.__O v{:}
X o
Ty = EvaR
Vs
*%
T e o e s e 2T
> W, T2
Y
T, - = o 2Da 4 4D 4 2
Ve :
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in terms of delay times can be expressed as

TJ_L = X + 2Dl + 2D2 + 2D3 + QD)_L
vy
X 2EeC0s Iy 2T 05 g
e s e

|
i

LAV
The total time of the wave along the paths ABCDEEDCEA

Thus, the general expression for the time of a ray penec-

trating to a layer n can be written.

Zm i Vo~V

N
o

1, .
v H
£

Vi M= Y Yy

In the situation of structural irregularities, such as,
in the case of the shot point and the seismic detector dif-
Terent elevations or inclined velocity discontinuities, the

travel times can be computed 1in Several ways.

Non-norizontal Surfaces
|
\

Fig.5 Shot point and detector at different elevations.
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ohot Point and Detector at Different Elevations. Consider

the case in which the receiver is at s height E (Fig.5)
above the shot point. The travel timeg along the path abcde
is the same as the travel times along the path abed and

the path de.

Il

The delay time along the path de (Fcos 1.)/Vy, and

therefore, the total travel time will be

T1 = X + 27cos ic + Hcos ic ,
7, 75 s
~ X 4 (2Z+E)cos 1. . (10)
vy Vo

The time is the same as if shot point and detector were
at the average elevation of the two. The depth from this

mean elevation to the velocity discontinuity will be Z4E .
2

Dipping Interfaces. In thieg case, the velocity discon-

tinuity is dipping at an angle © with respect to the hori-
zontal. The shot points 571 and 3S. on opposite end of a
spread (Fig.6a and Fig.6b) will generate elastic waves which
travel along downdip and updip paths. The apparent veloclty
of a wave refracted along the updip path is greater than the
apparent velocity of a wave refracted along the downdip path.
Consider first the case in whicn the slope 1s downward
from the shot point toward the detector (Fig.6a). This situ-
ation igs like the case of gshot point and detector at differ-
ent elevationg except that the surface of the ground 1s hori-

zontal at distance X and the distance parailel to the



sloping surface 1s Xcos 6.
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Fig.ba and Fig.0b Dipping interfaces.

The depth Zg 1s measured perpendicular to the sloping
bed from the shot point at the updip end. The distance cor-
responding to the difference in elevation becomes Xsin ©.

Therefore, ea. (10) becomes

Ty = 28 (274 +Xsin 8)c08 e

Yo

Subgtituting Vi = Vp/sin i, gilves

e s S N B P
ACUs O BN ic YOS B 00y e

- E - + )

SF —r g
Vg Ve Vo
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The slope of the Ty segment of the time-distance curve is

1 - sintler@y | (12)
Vd N Sin Lg
Similarly, the updip time is
Ty = L s tte-e) s (13)
i iy
Where Z,, 1s the perpendicular distance to the interface

from the shot point at the downdip end of the line.

The slope of T, segment is

From eqguations (12) and (13), it is obvious that Vy is
greater than Vg. Both V, and Vg are apparent velocities

o)
L

of the second layer. The true velocity (Vl) and the dip
angle (©) of this layer can be determined from the addition

of equations (12) and (14)

Vo + Vg = sin (i.+0) + sin (i.-9),
= Zsin i, cos 9 .
Substituting gin i, = Vp/Vq gives
Vo 4 Vo . 2Vocos 6
Vg Wy V1
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V7 = 2cos © (15)
L+ 1
Vg Vy
-1
Now 1,+® = sin V5 , and
Va
-1
i.-8 = sin Vg ,
Yy
[ Aﬂlw, . “L" Y
Therefore € = ;ﬁ%ﬁﬁiwﬁﬁ - 5t {16)
;

5L & U
Depth to the interface can be calculated by using the
intercept time in a similar way to the procedure used for

horizontal beds, i.e.,

Tid: 2Zd COS iC s (l?)
Vo
29 = Vp_Ligd (18)
2cos 1o

A gimilar expression is obtained for Zy din the term of Tyiq.
The depth to the Interface directly below the shot point

will be Dg = Zg/cos © while D, = Zy/cos 6, where & 1is

U

the dip.

Faulted Beds. Consider the case when a high-velocity bed

is faulted down. The first arrivals of the refracted wave
along a line across the fault will have a second break in

the time-distance curve,
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Fig.7 Fault with finite displacement and corresponding time-

distance curve for shot point on upthrow side of fault.

For the case where the shot point is on the upthrown
side (Fig.7), and Zo 1is small compare with the horizontal
distances of the diagram, we may consider that the time for
the path bc 1s approximately the same as 1f thilis were the
horizontal distance, then

y

v Mg Yo

T, - X, 2EiCslc (20)
e i X
Vi My

The offset in the time-distance curve by the displace-
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ment Zo can be expressed as

i
N
B
O
(07
H
p

The throw Zp 1s

7, . ALY | AtVevy (21)
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Fig.8 Fault with finite displacement and corresvonding time-

distance curve for shol point on downthrow side of fault.

Consider now the cage where the shot point is on the

drownthrown 8ide and the detector is on the upthrown side
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(Fig.8). The time-distance curve 1s derived in a similar way
but the offset in the linear segment will be a drownward

break.
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DESCRIPTION Or THE COMPUTER PROGRAM AND METHOD OF

CALCULATION

The computer program FSIPL (Fortran Seismic Interpret-
ation Program 1) for seismic refraction modeling is designed
for a Burroughs B-55C0 computer. This computer program is
very useful because for many refraction surveys the labor
requirement i1s too lengthy and too monotonous for calculation
to be performed by hand.

The first step in this study was to modify this computer
program to be capable with the IBM-360 computer which is in
use at the University of New Mexico. Then, data for six mod-
els were applied to the program.

The program is Jlimited to interpretation of data from 1
to 5 in line gspreads with up to 7 shet points and 12 geo-
phones each, and for as many as 5 layers with layer velocity
increasing with layer depth. The general structure of the
program is described in three parts as shown on the block
diagram.

PART 1 : The computer reads and s2tores the input informa-
tion for the problem. Then all input information is printed
out again in tabular form, so that it can be easily checked
and verified again. The first exil point in the program
(EXIT 0) provides the interpreter with a sample time-dig-
tance grapn of the observed travel times plotted against ho-

rizontal distances between shot points and detectors.



Next, the program cstimates the veloclty of the surface
layer by averaging the individual velocity values indicated
by direct-arrival from shot points to geophones. Then this
velocity is used for computing time corrections that refer-
ence all refracted rays to the datum plane. Another time-
digtance graph of the datum-corrected travel times can be
pletted on the EXTIT 1 option. Plotting of this graph com-
pletes part 1 of the program.

PART 2 : The velocity of layer 2 is estimated by two

methods. The first method is eguivalent to drawing a line
through points of a time-distance graph and determining the
inverse slope of the line. The second method used to esti-
mate velocity was developed by the Geological Survey of
Canada (Hobson and Overton,l1968). The estimate is made by

use of the following formular:

I 2
Vo= maxi - | x:) /n

when v 18 the desired refractlion velocity,
AHXs is the difference between distance to gecphone
i from shot points on opposite ends the spread,
Ati is the difference between arrival times at
geophone i  from the same two opposing shot points,
and n is the total number of geophones used in the

computation.

After the velocity of layer 2 18 established, the pro-
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gram estimates the position of the base of the surface layer
by a computer adaptation of the delay time method. Then the
accuracy of this result is improved by the ray-tracing tech-
nique.

The delay time depth points are computed for each geo-
phone which recelves the vefracted waves along the interface
between layer 1 and 2. If more than one depth point 1s avall-
able at a geophone, the depth values are averaged to estab-
lish a better estimate of the position directly beneath cach
geophone. For geophoneg with missing values, depth points
are established by interpolation or extrapolation from avail-
able points nearby. Then this initial depth estimate is
tested for validity by a one pass ray-tracing procedurs and
subsequent adjustment. Starting from each depth point previ-
ously established, rays are traced upward from the velocity
discontinuity to the actual positions of shot points and
geophones. The direction of each ray is established by
Snell's law from the velccities of layers 1 and 2, and from
the dip of the segmented line representing the discontinulty
at the specified points.

Interpolation or extrapolation 1s established for the
position adjustment of rays wmissing the target geophones or
shot points. The total travel time of the ray from shot
point to geophone can be computed by adding the time for the
ray traveling along the discontinuity to travel times for

the slant segment. This computed time is then compared with



the travel time, and the estimated points of entry and
emergence of ecach ray are adjusted upward to absorb the dis-
crepancy. When this adjustment has been made for all geo-
phones, new depths are established by averaging to define
the plane beneath each geophone.

Next, the travel times associated with the slant ray-
segments in the surface layer are substracted from all ob-
served arrival times, and the velocities of all layers
beneath layer 2 are estimated by the regression technigue
ard the Hobson-Overton technique described previously. When
this is completed, the user can obtain a plot of the time-
distance graph with layer 1 removed by selecting the EXIT
2 option of the program.

PART 3 : If the EXIT 2 is not selected, the program pro-
ceeds to delineate layers beneath layer 2. With layver 1 re-
nwoved, the delay time technigue is used again to obtain a
first approximaticn of the bases beneath layer 2. Coordinates
of points of the slant-ray-segments are computed and are
averaged. The computer connects these average points together
with straight line segments and finds the intersections that
ocecury with vertical lines projected downward from each geo-
phone position. These intersections are used as the first
approximation that defines the top of the layer being delin-
eated. Any missing point beneath a geophone resulting from
insufficient data are filled egain by interpolation or extra-

pelation from nearby locations where informtion 18 available.
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At this point the user can obtain the first plot of the
depth cross-gsection by selecting the EXIT 3 option.

The accuracy of the delay time first approximation 1is
tested by ray tracing in a manner similar to that described
previously, except that rays are traced through all layers
between the discontinuity and the geophones or short points.
Computed timeg assoclated with traced rays are compared with
observed travel times, and the positions of ray end points
are adjusted to absorb the discrepanciles. Then the layer 1s
resmoothed and some of missing points are filled in again.
This completes the first iteration of ray-tracing and adjust-
ment. Another depth cross-section plot can e obtained by
selecting the EXIT 4 option of the program.

The first iteration of ray-tracing and adjustment is
followed by a second one. On the second pass, the direction
of the initial ray segments are determined for ecach individ-
ual ray by using the actual dip at the point of the interest
onn the smoothed model interface. For two iterations of ray-
tracing and adjustment the EXIT 5 option may be selected to
plot one more cross-section depth.

Now, the final adjustment is made from the base of layer
1 to remove the effects of small errors in the position of
this shallow layer. These small errors are transferred to
deeper interfaces with magnification because of increased
velocity with depth. After .the base of layer 1 is reposit-

ioned beneath each geophone and shot point, the program goes
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through one final pass of ray- tracing and adjustment for
all deeper layers. This completes the computation part of
the program, and selecting EXTT 6 obtains the result of the

full computation which includes the delay-time approximation,

two iterations of ray-tracing, and adjustment followed by
correlated error correction of the layer 1 and Tinally by
one lasgst iteration of ray-tracing and adjustment for esach

layer.
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FIGURE 171« Printer Plot, Program FSIPT EXIT = 2, Showing Time-Distance Graph With
the Effects of the Surface Layer Removed.
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MODEL STUDIES OF THE REFRACTION PROBLEM

The Fortran Selsmic Interpretation Program I is the name
of the computer program on which this study was based. The
plots shown in the last section are some example data. In
order to validate the accuracy of this computer program,
gi1x models of different structures were tested. All models
were constructed as two-layer systems. The travel times of
the compressional waves in each model were determined anal-
ytically and plotted on time-distance graphs. Then, travel
times were punched on data cards,and these cards were pro-
cessed by computer program. There are seven optional exits
for this computer program. The first EXIT O option was se-
lected for checking the time-distance graphs of the models.
Then, the EXIT 6 was selected to show the complete data pro-
cessing. The printer plots were compared to each of the
structural models. Fach set of date was processed twice.
During the first -processing, the velocity cards of layers
were specified, For the second procesgsing, the layer veloci-
ty cards were taken off. If the velocity cards are hot in-
cluded in the problem deck, the comoputer generates velocity
values from the computer program which are usec for the

Iinterpretation.
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General Models

Model 1: Dipping Bed, A one spread model constructed for

the dipping bed case is shown in Fig.l7. The surface of the
refracting bed declines 10 degree to the horizontal. A spread
900 Teet long consists of 10 geophones lylng in line on the
surface., The geohpone interval spacing is 100 feet. The
shot points, X and Y are located in line at both ends of the
spread at s distance of 100 feet from geophones 1 and 10,
regpectively. A layer of velocity 5,000 feet/second lines
above a layer of velccity 10,000 feet/second. Becauge of the
dipping interface, the down-dip velocity (Voy) is 7,778.6
feet/second and the up-dip velocity (Vo) is 14,619.0 feet/
second.,

Model 2: Faulted Bed, In this model, a deep high-velocity

ped is faulted down. As shown in Fig.l8, the fault is assumed
to be at the middle point of model. The amount vertical

throw is 50 feet. The upper layer of velocity 5,000 feet/
gecond lies above a layer of velocity 10,000 feet/second (see

Fig. 18).

Model 3: Folded Bed, As a third model, a structure con-

sisting of a horizontal bed of velocity 5,000 feet/second
lying on a folded bed of veslocity 10,000 feet/second was
considered. As shown in Fig.19, the wvertical displacement of
the bulge ig 100 feet. The spread in model 3 consgists of 12

geophones and all geophones are in line. The time-distance



L0

graph shows step down and step up segments as & result of

the bulge or fold in layer 2,

Model U: Dipping and Faulted Bed, The model diagrammed

in Fig.20 is a combination of the features of Model 1 and
Model 2. The upper layer of velocity 5,000 fest/cecond lies
above the layer of velocity 10,000 feet/second. The higher-
velocity layer dips 10 degrees downward and shows a Tault at
the middle point of the model. The vertical displacement on
the fault 1s 100 feet.

For this model, the down-dip velocity (Vog) is 7,778.6
feet/second and the updip velocity (Vo) is 14,619.0 feet/
second. The offset in the time-distance curve (At) = 17.1

milliseconds.
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Regults Model 1 through 4

The resulte obtained from the computer program coincide
closely with the models for the case of the faulted bed or
the folded bed (Models 2 and 3).

For Models 2 and L, the evidence of a fault does not
show sharply because the computer traces the line ol the
layer by connecting the depth directly tc the geophones.
When the geophones are arranged along the line with large
inter~spacing (greater than 100 feet), and if the fault is
located within that distance, the trace of the fault will be
smoothed out. In this case, the structural lrregularity can
be observed from the differant depths of the lower layer
indicated by two adjacent geophones.

For the case of the dipping bed (Mbdels 1 and M), the
results of the computer interpretation are not accurate,
because it indicates a ghallower depth than the analyticeal
structural model. The indilcated depth 18 too small by 10 to
30 percent. When layer velocity is specified, the results of
the interpretvation sre more accurate than when no layer ve-
locity 1s specified,

Note: Model 4 , computer results appear dramatically different

than analytical results,
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Restricticn Models

One restriction of the computer program is that all layer
boundaries are agsumed to be represented by a series of
straight line segments connected end to end beneath the
geophone locations and extending from one side of the model
to the other, Model 5 and Model 6 are two particular struc-
tures of non-homogeneous layers. The compressional wave veloc-

ity 18 changed abruptly in the same layer.

Model 5: Non-Hemogeneous Upper Layer, Consider the struc-

i

tural model dlagrammed in Fig.21. The compressional wave ve-
locity of an upper layer 30 feet thick is changed abruptly
from 1,000 feet/second to 5,000 feet/second. The upper layer
overlies a homogenecous layer of veloclty 10,000 feet/second.
The model 1g based on one spread of 12 geophones. Two shot
points, B and E are located at the sach end of spread. The
travel times of the compressional waves from shot points tc
each gecophone are plotted in time-distance graph, and were

punched on data cards.

Model 6: Non-Homogenecous Lower Layer, This structural

model is similar to Model 5 except an upper layer of 10 feet
thickness and constant velocity of 2,000 feet/second overlies
& non~-homogeneous layer. The compressional wave velocity of
the lower layer is changed abruptly from 4,000 feet/second
to 10,000 feet/second. Geophones and shot points are located

as shown in Fig.22.
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Results Models 5 and 6

The printer plot of the computer interpretation inci-
cates that the computer program does not give satisfactory
results for structural irregularities of the Type in Models 5
and 6.

The program cannot handle changes of velocities in a
layer underlying one spread. The compressional wave velocity
of the non-homogeneous layer 18 treated as an average value.
For example in Model 5, the velocity of the upper layer will
be (1,000 + 5,000)/2 = 3,000 feet/second, which is not the
real velocity. Thus, the result of the interpretation will
be incorrect. One way to treat this particular case is to
separate the profille Into two spreads which are joined end
to end at the point of changing velocity. This arrangement

is demonstrated in Model 7.

Model 7: Model 7 assumes a structure gimilar to Model 5.
The procedure of interpretation is to separate the model
into twe spreads, X and Y. Both spreads are joined end-to-
end at the point of changing velocity (see Fig.23). Layer
veloclity cards are specified for bofh spreads. For spread X
Of the upper layer, we specify a velocity of 1,000 feet/
second and for spread Y of the upper layer, we specify a
velocity of 5,000 feest/second. In the lower layer, both

gpreads have an equal velocity of 10,000 feet/second.



The printer plot interpretation agrees exactly with the
structure of the model (see attached printouts for No.T7).
Experience has indicated that the computer program can be
used to iaterpret the structure of non-homogeneous systems
if the user divides the profile iInto various soreads for

which the layer velocities can be specified.



TWO LAYER SEISMIC FPROFILE AT NEW MEXICO INSTITUTE OF

MINING & TECHNOLOGY

A refraction profile of 8,200 foot length located at New
Mexico tech was used to determine the depth of the water-
table. The profile consisted of 103 equally spaced stations
of 80 foot geparation. Twenty six shots were taken along the
profile (Fig.25). The depth profile was computed by hand and
reported by Mr. Abou Bakr K. Tbrahim in his thesis for a
Master of Science degree at New Mexico Institute of Mining
and Technology.

The computer program was applied to the seismic refract-
ion data obtained by Ibrahim. The printer plot of the depth
profile obtained from the computer program was compared to

the depth profile given by Ibrahim.

Tbrahin's Interpretation

By following standard methods of interpretation seismic
refraction (Dix, 1952), Ibrahim obtained the depth profile
shown in Fig.26. The topography of the profile is inclined
slightly from an elevation of 4,850 feet to 4,650 feet from
station 1 to station 104. The thickness of the upper layer
is about 110 feet at station 1 and the depth gets gradually
shallower along the profile until 1t is about 60 feet deep
at the gtation 104, except the part between the station 13

to station 43 which shows a structural uplift of about 50



feelt between vertical faults. The measured selsmically deter-
mined depths at some positions along the profile agree cloge-
1y with depths measured to water at two wells located a few

hundred feet from the profile.
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Computer Program Interpretation

Data for the computer program was obtained from the time-
distance graph in A.R. Sanford's offic. Because the profile
was very long, the interpretation was separated into three
problem decks. After the processing, all of printer plots of
the depth cross-section profiles were jolned together., Each
problem deck data consisted of 3 spreads. Mlissing travel
times were found by interpolation and extrapolation of data
on the time-distance curve.

I) The first problem profile of 2,560 feel long consists
of three spreads called A, B, and C. The distance between
each geophone in each spread was 80 feet. The printer plot
of the cross-section (see attached printouts for No.8) fairly
well matched the results obtained by Tbrahim. Along this
profile, a difféerence in the results was noticed at only one
location, at the 960 foot mark on the profile. On the ori-
ginal time-distance graph, there is no clear svidence of a
fzult. The trace of the refracted layer is almost a stralght
1ine on the time~distance graph. Therefore, no faulted bed
is shoWn in the computer profile.

I1) The second problem profile of length 2,650 feet con-
sists of three spreads called D, F,and G. All spreads are
in line with one another, spread D and spread F are separated
by 80 feet but spread F and spread G are overlaped 80 feet.

Geophones are spread along the profile at 80 foot spacing
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intervals.

The printer plot of the depth cross-section procfile,(see
attached printouts for No.9) similarly, is close to the
depth profile obtained by hand calculations. The results
differ at only two pcints. The computer generated plots show
evidence of two faults at the distances 880 feet, and 1,200
feet from the beginning of the profile, but the hand calcu-
lated profile shows only one big step Tault at the distance
960 feet. The depths of the surface layer obtained by the
two methods, are very close but the computer depths are
ceeper at the beginning of the profile than the hand calcu-
lated depths.

TIT) The third problem profile of length 2,650 feet is
separated from the gecond profile by about 560 feet. The
data are for three spreads called H, J,and K. Spread H is
overlaped 400 feet with spread J but spreads J and K are
joined end-to-end. The profile generated by the printer (see
attached printouts for No.lO) shows results amazingly close

to the hand calculated profile.



CONCLUSIONS

Depth computations from the computer program give accu-
rate results for the case of structures consisting of hori-
zontal bedding. In the case of faulted horizontal bed, the
computer plots are falirly accurate. The computer traces the
line of the lower layers by connecting the depth directly
beneath every gecphcne, and\tends to smooth out sharp drops
in the structure. Thus, the evidence of a fault is not shown
clearly. However,‘from the difference between elevations of
nearby positions, the location of a fault can be found.

For the case of s dipping bed, the velocities of the
compressional wave along the updip shooting are greater than
from along downdip shooting and both are apparent velocities.
The depth computation for this case i3 a more complex pro-
cedure, which the computer program cannot handle correctly.
The error in the computer for dipping beds results may be
10 to 30 percent.

In general, laysrs in the earth's crust are not homoge-
neous, Various valus of compressional wave veloclities may be
detected in the same layer. Computer resgults for this case
are very poor unlegss the time-distance data is rearranged.

The latter procedure requires prior knowledge of what the

struchture 1is.



2.

ol
-

1

.

60

RETERENCES

Analyeis of Selsmic Refraction Dats, Report of Investigation
7505, Bureau of Mines, United States Deparitment cf The Inter—
ioxr, 95 p.

Sanford, Allan R. (1972) Ceophysics 445, Yotes for Study in

Class, pp. 2%-%4.

Nettleton, L. L. (1940) Georhysical Prospecting for 0il,

MoGraw-Hill Book Co., New Yoxk, 444 p.

7

Dobrin, M., B, (1960) Introduction to Geophveical Prospecting,

MoGraw=-Hi1l1l Book Co.; New York, 446 7p.

Dix, C. H., (1952) Seismic Prospecting for 011, Harper and

Brothers, New Yoxrk, 414 p,.

Bacon, Iloyal 0. (1966) Refraction Seismic Case Higtories in

Mining Geophysics, In Mining Geophysics, v.l, Case Histories,

Society of Hyploration Geophysics, Tulsa, Ckla., pp. 105-113.

Ihrahim, Abou-Bakr K. (1962) Relation Between Compressional

Wave veloclity and Acuifer FYorosity, Thesis of Haster of Science,

lNew Mexico Institute of Mining and Technology, pr. 1-2.






