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APPLICATION OF STACKING FOR REFRACTION TIME SECTIONS

É. SZ. K IL É N Y I*

Introduction

Although the methods o f multiple coverage, digital recording and data processing 
became quickly known in reflection seismics, their application in refraction seismics 
is still not generally accepted. Multicover measurements have been introduced to 
refraction field techniques long ago coverage however is regarded as an aid to inter­
pretation instead of using it to increase signal to noise ratio.

In literature P eraldi (1969) was the first to adapt the methods developed in 
reflection seismics to refraction. In 1972 P eraldi and Clement already published 
a processing package, constructing the refraction horizon by ray charts as a final 
result. All along the process however their aim seems to be the substitution o f con­
ventional interpretation by numerical methods instead of finding new ways to meet 
new possibilities. For the first time H irschleber (1971) suggested multicover mea­
surements and stacking in refraction. His solution is somewhat laboured and some 
delicate approximations are required at certain points, but his final aim, i.e. refraction 
time section seems to be surely the path o f tomorrow.

Suggestive display of results is important in all branches o f geophysics, but in 
seismics it seems to be indispensable. At the same time only attempts have been 
made even in well developed computerized reflection data processing to make the 
computer understand in form of different parameters what human eye sees. In 
refraction picking the change of wave form is even more important than in reflec­
tion interpretation. Display of refraction waves in the form o f time section represents 
a new dimension in geological interpretation.

Consequently our aim is identical to that of Hirschleber, but our solutions are 
supposed to be simpler, easier to realize and not limited to first arrivals.

The problem

The equation o f refraction time-distance curve for two layers can be given in 
the following form:

T =  hap +  h g +  (x/V2) cos в  (1)
where

and
hap —  ^1 cos 0  (cos *’)/F i 

h g  —  ^ 2  C 0 S  ®  ( C 0 S  0 / ^ i

(2)

(3)
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For further notations see Fig. 1.

F ig . 1. Display of notations used in formulae 
1. ábra. A dolgozatban alkalmazott jelölések szemléltetése 
Рис. 1. Обозначения, применяемые в настоящей работе

Definition of delay time:

D =  T —  x/VR =  t0sp +  t0g +  (z/V2) c o s 0  —  x/VR (4)

Where VR is the reduction velocity.

I f  X =  0, T =  tf0 =  t0sp +  t0g -  intercept time.

Some authors consider D  as intercept time and t0g as delay time, but sticking 
to conventional nomenclature we call t0sp and t0;l the shot point delay and geophone 
delay respectively, keeping the expression o f delay time for D.

Arrivals from different shotpoints will represent a continuous time section only 
if all other terms but the geophone delay are eliminated in the formula o f the delay 
time. I f  this reduction is carried out by adequate precision, the covering arrivals can 
be stacked. Two or threefold coverage is at our disposal in every routine refraction 
profile. Using stacking, according to the Yn formula a 1.4-1.7 times increase in signal 
to noise ratio can be achieved by no extra expenditure. Advantages o f stacking con­
cerning first arrivals are important in areas o f unfavourable energy transmission 
and in inhabited regions, but they are always essential as to later arrivals.

Solution

The main point in the solution is to determine appropriate correction, which 
consists o f two parts. The first part, the function o f x  has to be zero:

(x/V2) c o s  0  —  x/VR =  0 (5)

It concludes that VR =  F2/cos 0  (6)

For possible values o f 0 , 0 ^  cos 0  1; so VB V2.

Cos being an even function the same reduction velocity can be applied for both 
directions.

The second part of the correction is the determination o f t0sp. Hirschleber suggests 
a statistical method for the separation o f t0sp and t 0g. The disadvantage of his method 
is that it is necessary to determine the reduction velocity beforehand, but it can be 
done by adequate precision only after having separated the shotpoint and geophone 
delays respectively.
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Since there are more unknowns than equations, the problem may be solved by 
such a shooting system where in two successive travel-time curves t0sp could be 
determined graphically (as half o f the intercept time). From the equatins o f two 
covering time-distance curves VR can be computed:

It is evident that reduction velocity is equal to the apparent velocity but cor­
rected by the difference of shotpoint delays. As a matter o f fact this term represents 
the dip o f the horizon. I f  (t0sp2 — t0spl) — 0, the horizon is horizontal (except cases 
of very little probability), and VR =  Vapp =  V2.

Having VR, the values of t0j can be easily computed and— according to our 
basic assumptions— are equal for both curves. I f  a third covering curve is given, its 
t0spg value can be determined from the equation of the time-distance curve supposing 
that i0g and Vn are equal to the values as defined above. Starting from this perfectly 
identical point and carrying out the reduction with several possible values o f VR 
and stacking, the varying value of VR can be determined by sections. As a matter 
o f fact a method of velocity determination is attained, similar to the constant velocity 
scan, well proved in reflection seismics. A great advantage over reflection seismics 
is that errors in static correction do not influence the result of stacking.

The t0sp values of newly incoming covering time-distance curves can be com­
puted by the known value of VR. The value t0sp thus determined contains beside 
the real shotpoint delay time also the difference between the “antecedents” o f the 
time-distance curves. Practically it reflects the relative relation between the reduced 
time values o f different shotpoints.

Horizontal offset can be determined from characteristic points of straight and 
reversed delay time curves. Time differences however can still occur between reduced 
and shifted delay time curves of opposite direction because of their different “ante­
cedents” . In case o f complicated structure there is even no hope for stacking delay 
time curves o f opposite directions. The method of stacking seems to prefer one­
sided shooting systems instead of correlation systems in refraction as well as in 
reflection seismics. It remains an open question wether migration—to be solved in 
future—will allow it or not.

Concerning the case of later arrivals, reduction and stacking by a VR determined 
for a given horizon will decrease the amplitude o f arrivals of different velocity, be­
cause o f unfavourable interference. In zones o f interference properly reduced waves 
will gain in signal to noise ratio and will be better picked. The use o f constant velocity 
scan on a broad scale will produce the reduction velocities o f all waves of interest, 
while time sections for each wave can be prepared separately. The mathematical 
processes involved are simple, to be carried out easily by analog or digital computers.

and

( 7)
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Examples

Accuracy of velocity determination has been checked by computation on a three­
fold coverage section of a Transdanubian refraction profile. Fig. 2 shows the chosen 
part o f the time-distance graph. Shotpoint delays were determined for shotpoints
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F ig . 2. Part of time distance graph of a refraction profile 
2. ábra. Egy refrakciós szelvény út—idő görbe rendszerének részlete 

Puc. 2. Деталь системы годографов по профилю КМПВ

2300 and 1100 graphically. For geophone point 3450 as the point of threefold coverage 
with smallest x  values, the reduction velocity was computed by equation (7) from 
the arrival times o f the above two shotpoints. With the resulting velocity of 
5910 m/sec, the geophone delay was computed (0.162 sec). By the above results the 
shotpoint delay of shotpoint 000 was determined and the reduction carried out for 
a whole spread of 24 geophones.

Results are listed in Table I and shown graphically on Fig. 3/a. It follows from 
the latter, that the reduction velocity of 5910 m/sec is satisfactory up to geophone 
point 3900. After this point the reduced time curves diverge. The former calculations
for geophone point 4600 give a reduction velocity of 6030 m/sec. Reduction of the 
same data by the above velocity yields the results of Table II  and Fig. 3/b. As ex­
pected conformity o f the three delay time curves from 3950 to 4600 seems to be ex­
cellent. It must be noted however that errors of picking are included in these data 
and effective stacking may lead to even better results.



Application of stacking for refraction time sections 43

e чEi

cq oq rH cq O со а rH O t o Гг. h - CD CD O IH tH t o t o
«» Ю  rP rH rH rH t o t o rH гН rH rH c o CO CO CO CO rH  CO CO

,= rH rH H rH rH rH гН rH rH rH 1— i rH rH "H rH rH r4 r“ 1

O

rH oq Ю co H O а t - t o rH cq 05 00 CD tO co rH O 00
O  O cq CO rH Ю CD CD tH a ; a O cq Ю CD t -

О Ю Ю CD CD CD CD CD CD CD CD CD CD CD CD tH I H tH tH tH tH IH tH tH
03 «

O

in
о

II

s-

a. 05 Ci GO t H GO tH Ih CO O cq CD Ci t H Г " G0 CD rH cq t o O  00 t o со
rH tH a> O c q cq CO CO rH Ю CD t - 00 H

J I H tH i h tH I H tH IH tH 00 00 со 00 00 0 0 00 0 0 00 00 00 00 00 0 0„ Sh
O

Ő

Q-
CO

c q CD Ю tO T—4 GO O rH tH Cq t o CD rH cq O co 00 CD c o rH
oq co Ю t o CD r— 0 - 00 00 0 5 O cq co rH

GO GO Ci Ci Ci Ci Ci 05 Ci Ci Ci a Ci Ci 0 5 05 O O O O O O O О

O rH rH 1—1 rH

O O O O  O  O O O O O О O O O O O O O O O O  O  O О« O Ю O Ю O t o O t o O t o О  Ю O O о
CD CD tH Ih 00 00 Ci Ci O O cq c q c o co rH rH Ю

CO со c o CO CO c o CO CO co c o СО rH rH rH rH rH rH rH ■H t P rH rH rH гН
cq CD O Ю 00 IH rH cq 05 co r— CO O 00 c q CO 00
CD CD Ю »o rH rH t o t o rH rH rH rH c o c o c o c o CO rH CO

,= r— 1 rH rH rH rH H 1 1 rH r H 1-Н rH H iH rH r-T 'H r-4 r*T T 1 r-* rH

o '

о
из ,*n CO O Ю rH c q Ci G0 CD t o co cq O 00 IH ю t P cq

о O cq CO rH CD IH 00 Ci Ci O cq CO rH t o Ю CD tH 00 05
CO -H Гр  Tp rH  rH 1 1 rH rH rH rH rH  t o Ю t o t o t o t o t o Ю t o Ю t o

o '

II

O

J 1 a. CD CO rH IH O O Ю О 00 CO O t o c o O 00 00 00 Ю I H IH О
tH tH tH GO cq c q СО co rH t o Ю CD tH IH 00 0 5  о  O

о " 1 O Ю tO tO Ю Ю 1 1 CD CD CD CD CD CD CD CD CD CD CD CD tH tH IH tH

й S-H O

ä CO -H t H O O t o О 00 CO O Ю CO O 00 00 00 Ю tH tH О
oq CO c o CO rH 00 00 а a cq c o CO rH Ю CD CD tH 05

со GO GO GO GO GO 1 1 00 00 00 00 Ci Ci 0 5 05 0 5 05 05 05 0 5 05 05 05

O

O  O O O O  O  O  O о O O O O O O O O O O O O о

«
O Ю O t o O t o O t o O t o O Ю O Ю O Ю O Ю о

CO rP rH  Ю Ю CD CD IH t " 00 0 0 Ci a O O c q cq co co rH rH t o
cq Cq oq cq cq cq cq cq cq cq c q c q c q c o c o c o CO co CO CO c o со

ю tH tH O О Ю 00 rH "H t o O cq co Tp co CO 05 ТР
£S> cO tO rH ■H t P t o Ю ю t o rH rH rH rH rH rH rH rH rH rP c o гН

rH rH H rH tH rH rH 1— 1 rH rH H rH IH rH rH h rH »H H гН

O

O cq O 00 tH Ю rH: cq а 00 CD t o c o O 00 r~* t o rH cq H 05
O oq oq CG rH Ю CD 1 " Г - 00 Ci O cq CO co rH t o CD tH 00 00
oq oq c q cq cq cq cq cq cq cq cq c q c o c o co co co CO c o со

c<»
«

O

II a h h tH cq oq ,— 1 cq cq а co rH Ci IH CD O о O 05 tH Ю O tH
Ci c q cq Г Т rH rH t o CD 1 " co 05 O cq со

CO ’со c o co c o c o co rH rH rH ■чН ^P ■4P rH ГН rH rH rH rH rH t o t o t o t o

■** 5s O

8* __, IH f— , Ю Ю rH t o t o cq CD tH c q  о  o s co co co cq O G0 co гН
GO 'a Ci O cq co н ю ю CD fr* tH o c 0 5  O c q cq co Гр

tO t O Ю tO tO Ю CD CD CD CD CD CD CD CD CD CD tH IH IH tH IH
a
ai o ’

^ J O O O O O O O  O О О О O O O O  O O O O  O O о
O Ю O Ю O t o O tO O tO O t o O to O t o O Ю о

c q CO c o rH rH Ю Ю CD CD tH tH 00 G0 0 5 05 O rH cq cq со

rH
rH

rH гН ?_l 1-1 1-1 1— 1 r “ ’ c q cq cq c q cq cq cq

O O O O O O O O о O O O O O O O O O O O о о
03 O - OC За 05 O O r— cq cq c o CO rH rH t o t o CD

CO co co CO CO co co CO co со СО rH rH rH rH rH rH rH rH rH rH rH rH Тр



T
ab

le
 I

I.

44 É. Sz. Küényi

£

^03OH05^»0t>iß00i^Mt' '^35HHHHi0(NNOOt'-СОГ'-ССЮЮЮЮСОСОЮСОЮЮФЮЮЮЮЮЮЮЮЮ

Я005ЫО^МООО>ЮМ(МОООМОМНОХФ«М
t ^ C O O O O i O H N M O Î T m c c D t ^ O O Q O O O H l N C O M ' ^ l O C D
Ю Ю Ю Ю С 0 С 0 С 0 С 0 С 0 С 0 С 0 С 0 С 0 С 0 С 0 С 0 1 > 1 > 1 > 1 > 1 > » 1 > 1 > 1 ^
о

О 0 5  0 5 Х Ф Х 1 > 1 > * Х О С Я С 0 0 5 ф 1 > Х с С ф 0 Я Ю О Х К Э Х  
Ф Ф Ю Ю С 0 С 0 Г ~ Х О ' - Ч ' - ч С Я С Я Х Х ф Ю С 0 Е ^ Х 0 5 0 5 О ' - ч  
t ' - t > l > I > I > ï > t > ! > X X X X X X X X X X X X X X 0 5 C 5

•^^bCDNOUÎlOHOOO'd'O^iÛCO’ÎlNOîOOOCCOÎH 
0 5  0 5 O O H H ( M M i £ 3 i C i C 0 L ' - L ' - C 0 0 0 0 3 O H C < ( n C 0 i f l 0 C 0  
O 0 a i 0 5 0 3 a i 0 3 0 3 0 3 a ) 0 5 0 : ® ® ® 0 5 ® 0 0 0 0 0 0 0 0
O 1 гН гН гЧ r-Ч i-Ч rH гЧ

o o o o o o o o o o o o o o o o o o o o o o o oю о ю о ю о ю о ю о ю о ю о ю о ю о ю о ю о ю ©Т(<ЮЮСОСОЫ>(Х)(Х1050500НН(ММММ^^ЮЮСО
Х Х Х Х Х Х Х Х Х Х Х Ф Ф Ф Ф Ф Ф Ф Ф Ф Ф Ф Ф Ф

^  г - 1 1 ^ 1 > Ф С Я 0 5  0 5 Х Е ' - 0 5 » - ч 0 5 Х Ю ©

о  СО 5Û Ю  м  Н  
05 05 О  Н  ся «
СО X  Ф  Ф  ф  ф

С О Ф Х г-ч 0 5 Х С О Ф С Я г- Ч 0 5 1 > С О Ф О Я ©lOcCbC0C0O5OrH(NC0f0T|ilOCDI>00^ ^ ^ ’^ ’Ф'ФЮЮОЮЮЮЮЮЮЮ

о СО X  ф  t r - о о ю о X X О  Ю  X о X  X X  ю
СО с о t " г - X 1 1 сч сч X X ф Ю  Ю  СС с - Г— X 05 о о
ю

о
ю ю ю  ю ю 1 1 со со со СО со СО СО СО СО со со СО t > Г ’-

о СО со Ф  с - о о  ю  о X X О  Ю  X  о X  X X  о
(М ся со X  X  Ф 1 1 X X 05 05 о н  н  СЯ X X  ф ю  со со
00
о

00 00 00 оо X 1 1 X X X X 05 05 05 05 05 05 05 05 05 05 05 05

о о о о  о  о  о о о О О О о о  о  о  о о  о  о  о о
ю о ю о  ю о ю о о о ю  о ю О О О о о  ю  о  ю о
со ф Ф ю  ю СО СО 1"- Г'“ IX) X 05 05 О О Н ся ся X  X ф
СЯ ся ся ся ся ся ся ся ся ся ся ся ся X X X X X  X X  X X X X

О ю гН X  со о ся ся ю Г - ю ф О  О  i-н г - X  о ГЧ О о
СО СО со ю  ю Ю ю  ю  о ю ю со ю ю  о  ю ф Ф  о о  ю о ф

©л
гН гЧ гЧ |“Ч i-Ч 1“Ч

i-Ч о СО Ф ся о 05 Г - ю ф ся 0  0 5 М О X ся о X  !>•
О о о со ф ф ю со t - X 05 05 о  г-1 ся X  ф Ф  о

о
гН ся ся ся ся ся ся ся ся ся ся ся СЯ X  X X X  X X  X X X X

1> Ф  00 ф  t - ся ся ся ся 05 X Ф  0 5  t >  СО О О О 0 5  г -  г о  о
ю СО со X 05 О ся ся ф  ф Ф  О  СО X  05 0 5  О
со со со со со СО X ф ф ф ф ф  ф  ф  ф  ф  ф ф  ф Ф  ю  ю  ю VO

0>НЬОЮЮтНЮ»001СО^М005СОСОМ«000«^ 1>ЬХХ05050н(ЯМ’#10 0 С Ь ^ Х 0 5 0 ’НСиЯ«т« ЮЮЮЮЮОФООСОСФ!ОС00010ФМ>>>м>

o o o o o o o o o o o o o o o o o o o o o o o oю о ю о ю о ю о ю о ю о ю о ю о ю о ю о ю о ю о»-нсясяххффююсосог-Г'*х х о 505©©---чсясясо
H H H H H H H H H H n H H H H H H i N N l N i N N N i N

о о о о о о о о о о о о о о о о о о о_ _ _ _ _  _  __ _  __ _ __ _ - _  __ _ ег о  _  __ _'#»ОЮС0С0[>Г'Х00 05 05 ООн-чСЯМг0М'^т|'Ю».0С0 
Х Х Х Х Х Х Х Х Х Х Х Ф Ф Ф Ф Ф Ф Ф Ф Ф Ф Ф Ф Ф



Application of stacking for refraction time sections 45

t msec

F ig . 3. Geophone delay times
a) reduced by У д  =  5910 m/sec
b) reduced by У д  =  6030 m/sec
Legend:_________  Sp. 2300

Sp. II00 
________ 1 Sp. 0»»

3. ábra. Geofonhelyi késési idők
a) redukcióhoz alkalmazott sebesség: Уд =  5910 m/sec
b) redukcióhoz alkalmazott sebesség: Уд =  6030 m/sec
Jelmagyarázat:_________  Rp. 2300

Rp. 11°°
Rp. 0°°

Puc. 3. Времена задержки в пунктах сейсмоприемников
а) скорость, использованная для редукции — Уд =  5910 м/сек
б) скорость, использованная для редукции — Уд =  6030 м/сек

Условные обозначения: _________  ПВ 2300
ПВ И00 
ПВ О00
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SZ. D X É N Y I  ÉVA

REFRAKCIÓS IDŐSZELVÉNY ELŐÁLLÍTÁSA STACKING ALKALMAZÁSÁVAL

A refrakciós mérések számítógépes feldolgozása messze elmaradt a reflexiós kiértékeléstől. 
Az irodalomban megjelent ilyen irányú kísérletek főleg a hagyományos kiértékelést igyekeztek 
megvalósítani számítógépek segítségével és nem alkalmazták a digitális technika egyéb lehető­
ségeit. Hibschlebeb (1971) javasolta először stacking alkalmazását, de megoldása nehézkes és 
néhol kényes közelítéseket tartalmaz. Jelen dolgozat célja refrakciós időszelvény előállítása 
stacking alkalmazásával, egyszerű módszerekkel.

A refrakciós késési idő definíciója:

D  =  T  х/ У д  =  tosp +  íog +  (x/V2) cos e  —  x/VR (4)

ahol tosp és t0g a robbantóponti, ill. geofonhelyi késési idők, Vц pedig a redukciós sebesség (jelölé­
sek az 1. ábrán). Ha egymást fedő sebességágakat összegezni akarunk, a késési idő képletében 
a geofonhelyi késési idő kivételével minden tagot eliminálnunk kell. A redukció két lépésből áll: 
először az x-től függő rész levonása, másodszor tosp és tag különválasztása. Az első rész a redukciós 
sebesség meghatározását jelenti, melyre a reflexiós módszerben bevált constant velocity scan 
módszeréhez hasonló megoldást, tosp és tog szétválasztására pedig részben grafikus, részben számí­
tásos eljárást javasolunk.

Az ismertetett módszer egyirányú lövési rendszerek alkalmazását teszi lehetővé. A stacking 
megvalósítása lényeges jel/zaj viszony javítást eredményezhet nemcsak az első, hanem a későbbi 
beérkezések tartományában is.

С. К И Л Е Н И  Э.

ПОСТРОЕНИЕ ВРЕМЕННЫХ РАЗРЕЗОВ КМПВ ПО МЕТОДУ ОГТ

Машинная обработка данных КМПВ далеко отстает от интерпретации данных MOB. 
Опубликованные в литературе попытки подобного характера были направлены главным об­
разом на использование ЭВМ для стандартной интерпретации данных, причем не были ис­
пользованы дополнительные возможности цифровой техники. Впервые Хиршлебер (1971) 
предложил применять способ ОГТ, но предложенный им способ оказался трудоемким и со­
держащим деликатные приближения. Целью настоящей работы является построение вре­
менных разрезов преломленных волн с применением ОГТ по простым способам.

Время задержки преломленных волн определяется соотношением:

D  — Т  — x/Vft —  tosp +  tog -j- (x/Vjt) cos в  —  x/V fí, (4)

где tosp и tog — времена задержки в пункте взрыва и у сейсмоприемника, соответственно, а 
V а  — редукционная скорость (обозначения см. на рис. 1). Если хотим суммировать перекры­
вающиеся ветви скоростей, то в формуле времени задержки необходимо устранить все члены, 
за исключением времени задержки в пункте сейсмоприемника. Редукция осуществляется в два 
приема: сначала вычиается часть, зависящая от х , а затем разделяются величины tosp и tog. 
Первый прием означает определение скорости, для чего предлагается способ, подобный спо­
собу переброса скоростей, эффективно применяющемуся в методе отраженных волн, а для 
разделения величин tosp и tog предлагается использовать отчасти графический и отчасти вы­
числительный способы.

Предлагаемый метод позволяет использовать встречные системы наблюдений. Исполь­
зование накапливания приводит к значительному улучшению отношения сигнал/шум не только 
при первых вступлениях, но и в диапазоне последующих вступлений.


