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(54) INTERVAL VELOCITY DETERMINATION 

(71) We, MOBIL OIL CORPORA­
TION, a corporation organised under the 
laws of the State of New York, United States 
of America, of 150 East 42nd Street, New 

5 York, New York 10017, United States of 
America, do hereby declare the invention, for 
which we pray that a patent may be granted 
to us, and the method by which it is to be 
performed, to be particularly described in and 

10 by the following statement: -
This invention relates to geophysical 

exploration and more particularly to a process 
for converting field seismograms to the interval 
velocity and the dip of each subsurface layer. 

15 In seismic exploration, the measurement of 
velocity is generally recognized as the major 
parameter in the processing and interpretation 
of seismograms. The determination of the 
acoustic velocity characteristics from seismo-

20 grams is described in "Seismic Velocities From 
Subsurface Measurements", C. H. Dix, 
Geophysics, Vol. 20, pages 68-86, 1955. 

Briefly, acoustic velocity is usually deter­
mined from seismograms by use of the 

25 relationship 

In the foregoing, T1t is the travel time of a 
seismic wave traveling from a source to a 
reflecting interface and back to a surface 

30 receiver. This is the time of the reflection 
on the seismogram. T 0 is the ideal vertical 
travel time, i.e. normal to the interface from 
the surface of the earth to the reflection point 
and back. (This is also referred to as the 

35 reflection time at zero horizontal offset.) X is 
the horizontal offset distance from the source 
to the receiver and Va is the acoustic velocity. 
While the term "average velocity" is com­
monly used, it is more accurate to state what 

40 is the RMS acoustic velocity. See "Dynamics 
Correlation Analysis", a paper by W. A. 
Schneider and Milo Backus, presented at the 
36th Annual SEG Convention, Houston, 
Texas, 1966. 

45 One technique which has recently been used 

[Price 25p] 

to obtain average velocity from a suite of 
scismograms is described in the U.S. patent 
3,417,370. In a technique such as this, the 
field data includes a suite of seismograms each 
having horizontal offset one with respect to 50 
another along a line of exploration. These 
traces are time-shifted one with respect to 
another based on different assumed values of 
average velocity. For each reflection, a cor­
relation operation indicates the signal power 55 
betvi.·een the traces for the different values 
of assumed average velocity. A maximum in 
the signal power indicates correct average 
velocity to that reflection. This can be carried 
out for each reflection on the suite of seismo- 60 
grams so that average velocity to each of these 
reflectors is determined. 

Our Specification 1,282,936 relates to 
copending application an improvement on this 
cype of process in which a plurality of values 65 
of dip are evaluated for each reflector. That 
is, for each reflector, there is a search through 
all possible values of dip as well as velocity 
to determine the maximum signal power 
between the traces. This provides outputs 70 
representing the dip of each reflector as well 
as the average velocity to each reflector. Pro­
cesses such as this will hereinafter be referred 
to as a VIP process, an acronym for 'velocity 
by integrated power'. 75 

Another processing technique for seismo­
grams includes migration of each reflection 
point to its correct depth and horizontal 
position. Currently used migration techniques 
are employed to take into account refraction 80 
of the ray path in a layered earth. Examples 
of migration techniques are described in 
Exploration Geophysics, published by Trija 
Publishing Company, 2nd Edition, 1950, Los 
Angeles, California, J. J. Jakosky, pages 679 85 
and 688. Currently used migration methods 
employ a velocity which varies with depth 
only. Such methods do not properly treat 
velocity gradients such as arise in diverging 
layers. 90 

The invention provides a method of deter­
mining the interval velocity of each reflecting 
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zone of a subsurface formation from common 
depth point seismic data representing the 
arrival time and time dip of the seismic reflec­
tions on traces obtained along a line of 

5 exploration comprising: -
for a particularly reflecting zone N, using 
the time dip of the Nth seismic reflection 
to specify the ray path in the reflecting 
zones thereabove, 

IO determining the ray path in the Nrh reflect­
ing zone to determine the dip of the Nth 
reflecting zone, 
generating a computed representation of 
arrival time for a plurality of assumed 

/\ 
15 values of interval velocity V:,; of the zone 

N and for a plurality of points X along 
said line of exploration, 
comparing said computed representation of 
arrival time with the representation of 

20 arrival time from said seismic data for 
each asrnmcd value of interval velocity, 
picking the value of interval velocity pro­
ducing the least error in the foregoing step, 
and 

25 iterating the above steps for successive 
reflection zones of said formation. 
Reflections on the seismograms arc charac­

terised by three parameters, their zero offset 
arrival time T 0 , their apparent average 

30 velocity Y,, and their time dip ~t. That is, a 
set of reflections 1, 2, 3 ... i can be charac­
terised by the set of arrival times Ti(X) and 
dips '1 Ti. These parameters can be determined 
directly from the field seismograms by several 

35 processes but the aforementioned VIP type 
processes are particularly suitable for this 
purpose. The present invention serves to 
generate the interval velocity by fitting an 
ar•bitrarily dipping layered model to this data 

40 in an iterative process. 
In addition, the migrated subsurface atti­

tude of each reflector is obtained. The use 
of the velocity model permits the migration 
of the original data into its true spatial 

45 position. 
Fig. 1 is a flow sheet dcpii.:ting the procc5s 

of the present invention; 
Fig. 2 is a field setup suitable for use 

in obtaining the field data; 
50 Fig. 3a shows ray diagrams; 

Fig. 3b shows ray diagrams; 
Fig. 4 shows the comparison of observed 

travel times to computed travel times for one 
value of velocity; 

55 Fig. 5 shows the error function as a func-
tion of velocity; 

Fig. 6 shows a suite of field seismograms; 
Fig. 7 depicts data obtained from a VIP 

type process; 
60 Fig. 8 depicts data obtained from a VIP 

type process which includes a dip search; and 
Fig. 9 depicts the output of the process of 

the prtl>ent invention. 
Before proceeding with a description of the 

process of this invention in conjunctio11 with 65 
the flow sheet of Fig. 1, there will first be 
described what is being performed by th.:. 
process. Fig. 2 shows a typical field layout 
for producing a suite of seismograms. In Fig. 
2, seismic energy is generated at the shot- 70 
points S1, S2 and S3 • The seismic traces are 
recorded at the receivers R,, R2 and R 3 • 

Normally, of course, there will be many 
receivers to produce a suite of scismograms 
each having horizontal offset one with respect 75 
to another along the line of exploration. The 
particular type of field setup shown in Fig. 
2 is a common surface point recording system. 
The seismic reflections appearing on the suite 
of scismograms can be approximated by hyper- 80 
bo!ic curves across the suite defined by: 

In the foregoing, T 1t is the arrival time of 
the reflection on a particular trace in the suite, 
X is the horizontal offset of the particular 85 
trace, T 0 is the zero offset reflection time and 
V, is average or apparent velocity. 

There arc numerous techniques for obtain­
ing apparent average velocity and the rdlcc-
tion time at zero offset. These two parameters 90 
are needed to correct the suite of scismograms 
for normal movcout. The VIP type of process 
for obtaining apparent velocity and zero offset 
reflection time wilt now be briefly described 
with reference to Figs. 7 and 8. 95 

At each increment of record time, the traces 
are time-shifted one with respect to another. 
This time shift (or normal moveout correc-
tion) is based upon an assumed value of 
velocity. Then, the signal power of an of the 100 
time-shifted traces is obtained for that value 
of assumed velocity. One technique for doing 
this is to obtain the zero lag cross-correlation 
function of all traces. The value of the zero 
lag cross-correlation function is obtained for JOj 
each assumed value of velocity. J\s shown in 
Fig. 7, the value of average velocity has 
been iterated through a plurality of value~ 
between 5,000 and 13,000 feet per second. 
Fig. 7 shows a plurality of signal power curves, 110 
one signal power curve for each of a plurality 
of record times. Peaks in the signal power 
curve indicate the correct value of assumed 
apparent velocity for a particular reflector. 
In Fig. 7, it will be noted that there are 115 
several reflectors having an apparent velocity 
indicated to be between 5,000 and 7,000 
feet per second. 

The single curve of Fig. 7 is a plot of the 
maximum in the signal power curves. This is 120 
a good indication of the zero offset time of a 
plurality of reflecting layers in the subsurface. 

In addition to searching through al! values 
of velocity and vertical travel time as 
indicated by the output data of Fig. 7, a pro- 125 
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ccss of this type can also search through a 
series of assumed values of dip, both positive 
and negative. These components of dip can 
be expressed either in terms of the assumed 
dipping angle, that is, various values of angle, 
or they can be expressed in terms of the time 
shift between the first and last traces in the 
suite. 

Fig. 8 is a plot of the total energy curves, 
10 each similar to the single curve of Fig. 7, 

for each of a plurality of assumed values of 
dip. In this case, the dip has been expressed 
as total time shift between adjacent common 
depth points. From this information, the 

15 approximate dip of each seismic reflection can 
be determined. 

While the output Gf a VIP type process 
has been depicted pictorially in Figs. 7 and 8, 
it will be understood that the outputs will 

20 normally be digitized and available to be used 
as an input to a process such as that of the 
present invention. From a process of the type 
described above, there is available seismic data 
including the zero offset arrival times T 0 of 

25 reflections, the aparent velocity V,. for each 
reflection and the time dip A t 11 of each seismic 
reflection. From this data, the process of the 
present invention generates the interval velocity 
for each layer and a more accurate determina-

30 tion of dip. In addition, the migrated hori­
zontal and vertical displacement of each 
reflector is obtained. This is accomplished by 
generating a model of the ray path taken 
through the succeeding layers and comparing 

35 it to the observed field data to obtain the best 
model. This is done layer by layer. 

Consider the first layer in conjunction with 
Figs. 3a and 3b. From geometrical considera­
tions it is evident that the interval velocity 

40 V 1 of the first layer is determined precisely 
from: 

The average velocity v. to the first reflector is 
known from the output of the preceding VIP 

45 process. This process also specifics the dip '/> 1 

.:'.it 
(or-) 

x 
for the first layer. If we refer to the path 
taken by acoustic energy from any given source 
to any given receiver as a ray path, then from 

50 the dip and the velocity of the first layer, 
the direction of any ray path from source to 
receiver in the first layer is specified. The 
zero offset time T 0 from the VIP process 
specifics the thickness T 0 V1 of the layer, i.e. 

55 measured normal to the reflecting interface. 
Having obtained this information for the 

first layer directly, we now obtain the informa­
tion for succeeding layers by a modeling pro­
cedure. First, different values of velocity for 

the second layer are assumed. That is, the 60 
velocity is successive1y iterated to Vm V22, 
V28, and so on. For each velocity, Snell's Law 
specifics the ray direction in the second layer 
with respect to the normal to the interface 
between layers 1 and 2, from: 65 

sin a1 

From the ray direction in the second layer, 
the dip of the second layer can be computed 
from that ray which strikes the second layer 
normally, corresponding to To for that layer. 
This zero offset time To obtained from the 
field data, and the iterated interval velocity, 
specifics how thick the second layer is. Now, 
the travel times for each value of X can be 
computed for each iterated value of velocity. 

For example, for the velocity of V2,, the 
computed reflection times for each value of 
horizontal offset are shown by solid line in 
Fig. 4. These are computed from the well­
known migration equations; that is, for each 
layer, the horizontal displacement of the ray 
between the top of the interval and the bottom 
of the interval can be determined. The length 
of the ray path in each layer is computed and 
the travel time over the layer is determined 
using the assumed value of interval velocity. 

The computed values of travel time T :.ii for 
different values of X are represented by the 
solid line in Fig. 4. The observed values of 
reflection time on each of the traces are 
indicated by the circles in Fig. 4. The sum 
of the differences between the computed and 
the observed values of reflection time for each 
X are summed to produce an error function. 
That is, the error is : 

m A 
}; I TN1-Tx1 

i=l 

Where i is the trace index, m is the number 
of traces in the suite, 1\ i is the observed time 

A 

70 

75 

80 

85 

90 

95 

of reflection N on trace i and T :-ii is the 
computed time of reflection N on trace i. This I 00 
error is determined for each of the iterated 
values of velocity. There will be produced a 
series of values of the error function for each 
of the iterated values of velocity. The error 
function as a function of velocity is shown 105 
in Fig. 5. The velocity producing the minimum 
error is the proper interval velocity. As will 
be subsequently explained, the minimum is 
selected by a Newtonian iteration. The mini­
mum specifics the interval velocity for the 110 
layer. 

Having determined the interval velocity V2 

for the second layer, the procedure is repeated 
for the third layer. Summarizing, with refer-
ence to Fig. 3b, the velocities V1 and V2 arc 115 
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now accurately known. The dip of the first 
and second layers are now accurately known. 
The zero offset time T 0 for the third layer 
permits computation of the thickness of the 

5 third layer. For an assumed value of velocity, 
the ray direction in the third layer relative 
to that in the second layer is given by using 
Snell's Law: 

Va 
sin cr.1 =sin a·3 -­

V 2 

/\ 
10 Now, the travel times T xi through the third 

layer can be computed for each X. The com­
putation of the travel time through the third 
layer may be in accordance with the equation: 

/\ i=i D 1 

TNI = ~ -­
i=l V1 

15 Where D 1 is the length of the ray in i1h layer. 
V 1 is the interval velocity in i'h layer. In 

/\ 
computing T x;, the values of interval velocity 
and dip 8 are used. The travel times for 
different values of X are computed for each 

20 of a plurality of iterated values of velocity, 
V"" V3 .1, V:::\, and so on. 

/\ 
The computed values of T ~" are compared 

with the observed values of T:s; to produce an 
error function. The minimum in this error 

25 function selects the new value of interval 
velocity. 

At this point, it should be noted that the 
actual process to be subsequently described 
is a variation on the foregoing. Specifically, 

30 the observed reflection times TN 1 from the 
seismogram are not used although this would 
be the ideal technique. Rather, their equivalent 

is used. This term is available for each X 
35 as an output of the aforementioned VIP pro­

cess. It will be seen that the term is related 
to reflection time by the equation: 

40 

45 

X1 2 

-- +To2=T!'r12 

v,.2 

However, instead of picking all the reflections 
from the suite o.f seismograms, it is easier to 
use the average velocity which is available 
from the VIP process. 

The invention may be better understood 
from the block diagram of Fig. 1. The input 
to the process, indicated at 1, includes reflec-

tion times T ::-< 1 where N is the number of 
the layer and i is the trace index. As pointed 
out previously, instead of reflection times, the 
input to the process may be average velocity 
from the VIP process. Other inputs to Fig. 50 
1 include ~t1,, the dip from the VIP pro-
cess, THRES, the threshold value for the error 
function, and v~!T!'i'• the minimum value of 
interval velocity which will be accepted as 
being valid. 55 

As indicated at 2, a counter is incremented 
so that the interval velocities and dips arc 
successively determined for each layer. As 
previously indicated, it is quite important that 
an accurate determination of interval velocity 60 
for the first layer be obtained. As indicated at 
3, the interval velocity for the first layer is 
determined from the known average velocity 
and the dip of the first layer. 

As indicated at 4, a model is generated 65 
with a successive layer being added to the 
model during each performance of the loop. 
For each assumed value of interval velocity 
V, Snell's Law specifies the ray direction in 
the Nth layer by reference to that in the 70 
(N - l)th layer and to the interface between 
layers, N, N -1, by: -

VN 
Sin crx = --- . sin a.x-n 

- V,!'r-Ii - . 

where ff]I; and aK-i are the angles between the 
rays in the Nth layer and (N -1 )th layer 75 
respectively, and the normal to the interface 
between these layers, and Vx, Vx- 1 arc the 
respective layer interval velocities. This speci-
fies the dip of the Nth layer when the ray 
path strikes the Nth layer normally. 80 

Having completed the model down through 
the Nth layer, the following are knawn: The 
zero offset time T 0 to the Nth layer specifies 
the thickness of the layer. In Figure 1, Z:x 
represents the vertical distance from the sur- 85 
face to the Nth layer. The dips of the N-1 
layer and all previous layers arc known. The 
interval velocity V x of the preceding layer and 
of all of the previous layers arc known. The 

/\ 
dip 8:-: of the Nth layer is known from the 90 
Snell's Law computation. Now, the travel 

/\ 
times TN i can be computed as indicated at 
5. 

/\ 
The computed T :-.-; are subtracted from the 

corresponding T ::-i 1 's from the field data to 95 
produce an error function. V x is iterated 
through successive values to generate an error 
curve and the minimum in this curve is located 
by a Newtonian iteration technique indicated 
at 6. When the minimum error is located, this 100 
error is compared to the threshold THRES to 
determine whether it is less than the threshold. 
This is indicated at 7. If the error is less 
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than the threshold, then the velocity associated 
/\ 

' __ (. with the minimum error, V :.;, is compared 
to the minimum acceptable velocity as 

r·-
\ 

5 
/\ 

indicated at 8. If VN is greater than v~nN> 
/\ 

then V x is stored together with the dip 
/\ 
Ox of the Nth layer as determined from the 
foregoing Snell's Law calculations. The storage 
step is indicated at 9. 

In this case, the counter 2 is incremented 
10 and the same functions are performed for a 

suceeding layer. If the error threshold com­
parison at 7, or the minimum velocity com­
parison at 8, indicates that the determination 
of velocity has not been satisfactorily made for 

15 this layer (that is, there is a false indication 
from the steps 8 or 9), then this layer is 
dropped, This is indicated at 10. For example, 
if the input data from the VIP process 
indicated that there were four layers, 1, 2, 3, 

20 4, and there was a false indication in the 
computation for the third layer, then this 
layer is dropped and the layers are numbered 
so that the final output will include velocities 

25 
for layers 1, 2 and 3. 

From the foregoing, it will be apparent that 
the method of the present invention can be 
practised with the use of several well-known 
types of computing apparatus. The method is 
particularly suitable for use \vith a general 

30 purpose digital computer. 
One particular computing system which is 

suitable for use is supplied by the Control 
Data Corporation under the general model 
designation 6600, and includes the following 

35 components: 6604 Central Computer, 65K 
Memory; 6608 Disc System; 6602 Console 
Display; 6681 Data Channel Converter; 3228 
Magnetic Tape Controller; 607 Magnetic 
Tape Transport; 3447 Card Reader Con-

40 troller; 405 Card Reader: 3256 Line Printer 
Controller; and 501 Line Printer. 

45 

The usefulness of the present invention is 
best demonstrated with reference to Figs. 6 
to 9. 

Fig. 6 is a stacked variable area record sec-
tion on which the surface layers down to 2.0 
seconds all dip to the left. At 1.0 to 1.8 
seconds a slight thickening occurs. The reflec­
tion labeled "Event A" has zero time dip. 

50 Field data from the same region was pro-
cessed in a VIP type process to obtain the 
data depicted in Figs. 7 and 8. The average 
velocities and the T 0 's from this data were 
used as input to the process of the present 

55 invention. The results are displayed in Fig. 
9. In Fig. 9, interval velocity was deter­
mined in accordance with the present inven­
tion both with dip, as previously described, 
and with an assumption that there was no 

60 dip. Both of these interval velocities are 
plotted in Fig. 9 as a function of record 

time. Also shown in Fig. 9 are arrows which 
in this Figure locate the migrated events and 
give their dip attitude. Note that Event A 
when migrated in spatial coordinates dips to 
the right thus producing a dip reversal not in 
evidence on the time section of Fig. 6. The 
data represented by the above Figures is 
summarized in tabular form below. 

Two-way 
Time 
.140 
.310 
.620 
.945 

1.240 
1.530 
1.790 
2.125 

Summary With Dip 

Int-Vel 
4902 
5515 
5893 
6773 
7711 
8004 
9574 
8329 

Dip 
0.0 
0.0 
7.9 

12.9 
6.8 
.4 

-16.2 
-9.3 

Xdist 
0 
0 

193 
492 
446 
220 

-681 
-329 

Ydist 
343 
812 

1714 
2781 
3937 
5115 
6295 
7743 

Many modifications of the foregoing will be 
apparent. For example, in the foregoing the 
process was described in conjunction with 
layered modeling and Snell's Law ray tracing. 
Actually, Snell's Law layered modeling is an 
approximation, that is, a special case, of ray 
tracing in a continuously varying medium. In 
general, Eikonal equations define the ray path 
in a continuously varying medium. These are 
described, for example, in "Mechanical Radia­
tion", Lindsay, R. B., McGraw Hill, New 
York, 1960, pages 41-47. As applied to the 
general case, this invention is applicable to 
reflecting zones -instead of layers and the ray 
paths are determined from the Eikonal equa­
tions instead of Snell's Law. 

A three dimensional process is realized by 
a simple extension of the above disclosed pro­
cess. To the values of T 0, Va and <jl, the 
value of if!, the azimuth, is added. These 
parameters completely specify the elastic layer­
ing for the three dimensional case, as do the 
three T 0 , V.., <P specify the two dimensional 
case. The process is identical in realization to 
the above process with the substitution of a 
three dimensional model subroutine to generate 
the array of travel times T :-Iii with N refers 
to N 1h layer, i to the i'h distance in X direc­
tion, j to the jt1• distance in the Y direction, 
when X and Y are an arbitrary orthogonal 
coordinate system on the surface of the ground 
and correspond to the orientation of the areal 
array. 

WHAT WE CLAIM IS:-
1. A method of determining the interval 

velocity of each reflecting zone of a subsurface 
formation from common depth point seismic 
data representing the arrival time and time 
dip of the seismic reflections on traces obtained 
along a line of exploration comprising: -

for a particular reflecting zone N, using 
the time dip of the Nth seismic reflection 
to specify the ray path in the reflecting 

65 

70 

75 

80 

85 

90 

95 

100 

105 

110 

115 

120 
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than the threshold, then the velocity associated 
/\ 

with the minimum error, VN, is compared 
to the minimum acceptable velocity as 

/\ 
5 indicated at 8. If V:-i is greater than Vllrn, 

/\ 
then V N is stored together with the dip 
/\ 
Ox of the Nth layer as determined from the 
foregoing Snell's Law calculations. The storage 
step is indicated at 9. 

In this case, the counter 2 is incremented 
10 and the same functions are performed for a 

suceeding layer. If the error threshold com­
parison at 7, or the minimum velocity com­
parison at 8, indicates that the determination 
of velocity has not been satisfactorily made for 

15 this layer (that is, there is a false indication 
from the steps 8 or 9), then this layer is 
dropped, This is indicated at 10. For example, 
if the input data from the VIP process 
indicated that there were four layers, 1, 2, 3, 

20 4, and there was a false indication in the 
computation for the third layer, then this 
layer is dropped and the layers are numbered 
so that the final output will include velocities 
for layers 1, 2 and 3. 

25 From the foregoing, it will be apparent that 
the method of the present invention can be 
practised with the use of several well-known 
types of computing apparatus. The method is 
particularly suitable for use with a general 

30 purpose digital computer. 
One particular computing system which is 

suitable for use is supplied by the Control 
Data Corporation under the general model 
designation 6600, and includes the following 

35 components: 6604 Central Computer, 65K 
Memory; 6608 Disc System; 6602 Console 
Display; 6681 Data Channel Converter; 3228 
Magnetic Tape Controller; 607 Magnetic 
Tape Transport; 3447 Card Reader Con-

40 troller; 405 Card Reader: 3256 Line Printer 
Controller; and 501 Line Printer. 

The usefulness of the present invention is 
best demonstrated with reference to Figs. 6 
to 9. 

45 Fig. 6 is a stacked variable area record sec-
tion on which the surface layers down to 2.0 
seconds all dip to the left. At 1.0 to 1.8 
seconds a slight thickening occurs. The reflec­
tion labeled "Event A" has zero time dip. 

50 Field data from the same region was pro-
cessed in a VIP type process to obtain the 
data depicted in Figs. 7 and 8. The average 
velocities and the T 0 's from this data were 
used as input to the process of the present 

55 invention. The results are displayed in Fig. 
9. In Fig. 9, interval velocity was deter­
mined in accordance with the present inven­
tion both with dip, as previously described, 
and with an assumption that there was no 

60 dip. Both of these interval velocities are 
plotted in Fig. 9 as a function of record 

time. Also shown in Fig. 9 are arrows which 
in this Figure locate the migrated events and 
give their dip attitude. Note that Event A 
when migrated in spatial coordinates dips to 
the right thus producing a dip reversal not in 
evidence on the time section of Fig. 6. The 
data represented by the above Figures is 
summarized in tabular form below. 

Two-way 
Time 
.140 
.310 
.620 
.945 

1.240 
1.530 
1.790 
2.125 

Summary With Dip 

Int-Vel 
4902 
5515 
5893 
6773 
7711 
8004 
9574 
8329 

Dip 
0.0 
0.0 
7.9 

12.9 
6.8 
.4 

-16.2 
-9.3 

Xdist 
0 
0 

193 
492 
446 
220 

-681 
-329 

Ydist 
343 
812 

1714 
2781 
3937 
5115 
6295 
7743 

Many modifications of the foregoing will be 
apparent. For example, in the foregoing the 
process was described in conjunction with 
layered modeling and Snell's Law ray tracing. 
Actually, Snell's Law layered modeling is an 
approximation, that is, a special case, of ray 
tracing in a continuously varying medium. In 
general, Eikonal equations define the ray path 
in a continuously varying medium. These are 
described, for example, in "Mechanical Radia­
tion", Lindsay, R. B., .McGraw Hill, New 
York, 1960, pages 41-47. As applied to the 
general case, this invention is applicable to 
reflecting zones instead of layers and the ray 
paths are determined from the Eikonal equa­
tions instead of Snell's Law. 

A three dimensional process is realized by 
a simple extension of the above disclosed pro­
cess. To the values of T 0 , V. and cp, the 
value of y, the azimuth, is added. These 
parameters completely specify the elastic layer­
ing for the three d·imensional case, as do the 
three To, Y., 1' specify the two dimensional 
case. The process is identical in realization to 
the above process with the substitution of a 
three dimensional model subroutine to generate 
the array of travel times T xii with N refers 
to N 111 layer, i to the i' 11 distance in X direc­
tion, j to the j 11

' distance in the Y direction, 
when X and Y are an arbitrary orthogonal 
coordinate system on the surface of the ground 
and correspond to the orientation of the areal 
array. 

WHAT WE CLAIM IS:-
1. A metlwd of determining the interval 

velocity of each reflecting zone of a subsurface 
formation from common depth point seismic 
data representing the arrival time and time 
dip of the seismic reflections on traces obtained 
along a line of exploration comprising: -

for a particular reflecting zone N, using 
the time dip of the Nth seismic reflection 
to specify the ray path in the reflecting 
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zones thereabove, determining the ray path 
in the Nth reflecting zone to determine the 
dip of the Nth reflecting zone, 
gcneratinR a computed representation of 

5 arrival time for a plurality of assumed 
/\ 

v::ilucs cf interval velocity Vi; of the zone 
N and for a plurality of points X along 
said line of exploration, comparing said 
computed representation of arrival time 

10 with the representation of arrival time from 
said seismic data for each assumed value 
of interval velocity, 
picking the value of interval velocity pro­
ducing the icast error in the foregoing step, 

15 and iterating the above steps for successive 
reflecting zones of said formation. 
2. The method according to claim 1 wherein 

the ray path in the Nth layer is determined 
at the N -1 interface from Snell's Law, to 

20 determine the dip of the Nth interface. 
3. The method according to claim 2 wherein 

said representations of arrival time from the 
seismic· data include average velocity of each 
reflection and wh;.:rein average velocity is com-

25 puted for each assumed value of interval 
velocity and compared with the representa­
tions from said seismic data. 

4. The method according to claim 2 wherein 

said representations of arrival time from the 
seismic data include the arrival time of each 30 
reflection T xi and wherein reflection time 
/\ 
TN i is computed for each assumed value of 
interval velocity and compared with the 
representations from said seismic data. 35 

5. The method according to any preceding 
claim applied to seismic data obtained over 
an area of exploration wherein the ray path in 
the Nth reflecting zone is determined in order 
to determine the azimuth as well as the dip 'lO 
o.f the Nth reflecting zone and the computed 
representation of arrival time is generated for 
a plurality of points X, Y over said area of 
exploration. 

6. The method of converting field seismo- 45 
grams to the interval velocity and the dip of 
each subsurface layer substantially as herein­
before described with reference to Figures 
1 to 9 of the accompanying drawings. 

For the Applicants, 
CARPMAELS & RANSFORD, 

Chartered Patent Agents, 
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