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APPLICATION OF STACKING FOR REFRACTION TIME SECTIONS

E. SZ. KILENY I*

Introduction

Although the methods of 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 Peraldi (1969) was the first to adapt the methods developed in
reflection seismics to refraction. In 1972 Peraldi 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 of con-
ventional interpretation by numerical methods instead of finding new ways to meet
new possibilities. For the first time Hirschileber (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 of tomorrow.

Suggestive display of results is important in all branches of 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 of 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 of refraction time-distance curve for two layers can be given in
the following form:

T= hap+ hg+ (x/V2 cosB Q
where
hap — ™ cos0 (cos *)/Fi 2)
and
hg — "2 CO0S® (COSO0/"i ®3)

* Roland Eo6tvds Geophysical Institute
Manuscript received: 9, 12, 1974
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For further notations see Fig. 1.

Fig. 1. Display of notations used in formulae
1. 4bra. A dolgozatban alkalmazott jelolések szemléltetése
Puc. 1. O603HaUeHUs, MPYIMEHsIEMble B HaCTosILLEN paboTe

Definition of delay time:
D= T—x/VR= tOp+ tlg+ (z/V2 cosO0 — x/VR 4
Where VRis the reduction velocity.
Ifx= 0, T = = tosp+ tOy - intercept time.

Some authors consider D as intercept time and tOg as delay time, but sticking
to conventional nomenclature we call tosp and to;l the shot point delay and geophone
delay respectively, keeping the expression of 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 of the delay
time. If 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 of stacking con-
cerning first arrivals are important in areas of 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 of two parts. The first part, the function of x has to be zero:

(XNZ) cos 0 — Xx/VR= 0 (5)
It concludes that VR= F2cos 0 (6)
For possible values of 0, 0~ cos O 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 of tosp. Hirschleber suggests
a statistical method for the separation of tosp and tog. 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 tOp could be
determined graphically (as half of the intercept time). From the equatins of two
covering time-distance curves VR can be computed:

and

h

It is evident that reduction velocity is equal to the apparent velocity but cor-
rected by the difference of shotpoint delays. As a matter of fact this term represents
the dip of the horizon. If (tOg2— tOspl) — O, the horizon is horizontal (except cases
of very little probability), and VR= Vagp= V2.

Having VR the values of t0j can be easily computed and—according to our
basic assumptions—are equal for both curves. If a third covering curve is given, its
tOgpg value can be determined from the equation of the time-distance curve supposing
that i0Qgand Vn are equal to the values as defined above. Starting from this perfectly
identical point and carrying out the reduction with several possible values of VR
and stacking, the varying value of VR can be determined by sections. As a matter
of 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 tOsp values of newly incoming covering time-distance curves can be com-
puted by the known value of VR The value tOp thus determined contains beside
the real shotpoint delay time also the difference between the “antecedents” of the
time-distance curves. Practically it reflects the relative relation between the reduced
time values of 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 of complicated structure there is even no hope for stacking delay
time curves of 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 of arrivals of different velocity, be-
cause of unfavourable interference. In zones of interference properly reduced waves
will gain in signal to noise ratio and will be better picked. The use of constant velocity
scan on a broad scale will produce the reduction velocities of 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.



42 E. Sz. Kilényi

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 of the time-distance graph. Shotpoint delays were determined for shotpoints

t(se0)

1,100

SP;?.-

0,800

-0,600

o500 X (M
34s0 3600 3g00 <,00 4200 «00 4500
Fig. 2. Part of time distance graph of a refraction profile
2. abra. Egy refrakcids szelvény ut—id6 gorbe rendszerének részlete

Puc. 2. [leTanb cuctembl rogorpadgos no npocguio KMIMB

23Mand 110graphically. For geophone point 3459 as the point of threefold coverage
with smallest x values, the reduction velocity was computed by equation (7) from
the arrival times of 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 460 give a reduction velocity of 6030 m/sec. Reduction of the
same data by the above velocity yields the results of Table Il and Fig. 3/b. As ex-
pected conformity of the three delay time curves from 393 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.
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tmsec

Fig. 3. Geophone delay times

a) reduced by ya = 5910 m/sec
b) reduced by v, = 6030 m/sec

Legend: Sp. 23®
Sp. 11®
1 Sp. O»

3. abra. Geofonhelyi késési id6k
a) redukci6hoz alkalmazott sebesség: ¥Yp = 5910 m/sec
b) redukciéhoz alkalmazott sebesség: Y = 6030 m/sec
Jelmagyarazat: Rp. 23®
Rp. 11
Rp. 0

Puc. 3. BpemeHa 33iep>XKK1 B MyHKTaxX CeiicMonpreMHUKOB

a) CKOpOCTb, MUCMOoMb30BaHHas ANs peaykumm — Yo = 5910 m/cek
6) CKOpOCTb, MCMNOMb30BaHHAsA ANs pefykuum — YA = 6030 m/cek

YcnoBHble 0603HAYEHUS: MB 230
nB N
nB Qo
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SZ.DXENYI EVA

REFRAKCIOS IDOSZELVENY ELOALLITASA STACKING ALKALMAZASAVAL

A refrakciés mérések szamitégépes feldolgozadsa messze elmaradt a reflexidés kiértékeléstol.
Az irodalomban megjelent ilyen irdnya kisérletek féleg a hagyomanyos kiértékelést igyekeztek
megvaldsitani szamitdgépek segitségével és nem alkalmazték a digitalis technika egyéb lehet6-
ségeit. Hibschlebeb (1971) javasolta el6szor stacking alkalmazasat, de megoldasa nehézkes és
néhol kényes kozelitéseket tartalmaz. Jelen dolgozat célja refrakciés id6szelvény eléallitasa
stacking alkalmazésaval, egyszer( moédszerekkel.
A refrakcios késési id6 definicidja:
D=T x/Yp= tosp+ fog+ (x/V2 COSe — x/VR 4)

ahol tesp és tag a robbantéponti, ill. geofonhelyi késési idék, vu pedig a redukcids sebesség (jelolé-
sek az 1. dbran). Ha egymast fedd sebességagakat dsszegezni akarunk, a késési id6 képletében
a geofonhelyi késési id6 kivételével minden tagot eliminalnunk kell. A redukcié két Iépésbél all:
el6szor az x-tél fiilggé rész levonasa, masodszor tosp és tag killonvalasztasa. Az els rész a redukcids
sebesség meghatarozasat jelenti, melyre a reflexiés mddszerben bevalt constant velocity scan
mddszeréhez hasonlé megoldast, tosp és tog szétvalasztasara pedig részben grafikus, részben szami-
tasos eljarast javasolunk.

Az ismertetett mddszer egyiranya lovési rendszerek alkalmazasat teszi lehet6vé. A stacking
megvaldsitasa Iényeges jel/zaj viszony javitast eredményezhet nemcsak az elsd, hanem a késdbbi
beérkezések tartomanyaban is.

C. KWNEHW 3.

MOCTPOEHVME BPEMEHHbIX PA3SPE3OB KMTIB MO METOAY OI'T

MawumHHasa obpaboTka aaHHbix KMIB fganeko oTctaeT oT uHTeprnpeTaumn gaHHbIx MOB.
Ony6nnKoBaHHbIE B NNTEPAType MOMbITKN NoJ06HOro xapakrepa 6bl/1M HanpassieHb! r1asHbIM 06-
pa3om Ha mcnonb3oBaHve 3BM gnsa ctaHAapTHOM MHTepnpeTaumm AaHHbIX, NpuyeM He 6blav Uc-
nosib30BaHbl A0MOSIHUTENbHbIE BO3MOXHOCTU LIMGPOBOA TexHUKWU. Briepeble Xupunebep (1971)
NpeanoKM NpUMeHsATb cnoco6 OF'T, HO NpeasIoKeHHbIV UM cnocob oKasascs TPYAO0EMKUM U CO-
Jep>kalwyM feNMKaTHble NpubvkeHus. Llenbio Hactosiweli paboTbl SBASETCS MOCTPOEHME Bpe-
MEHHbIX pa3pe30B MPesioM/IEHHbIX BOSIH ¢ NpuMeHeHnem O T no npocTbIM crocobam.

Bpemsi 3afilep>KKn NPenomseHHbIX BOSTH OMNPeAensieTcs COOTHOLLEHMEM:

D — T — x/Vft — tosp + tog -j- (x/Vjt) COS B — x/VAi, 4

rae tosp U tog — BpeMeHa 33[ePKKN B MyHKTE B3pbiBA M Y CEMCMOMPUEMHMKA, COOTBETCTBEHHO, a
Va — peayKUMOHHAsi CKOpOCTh (0603HaYeHUs CM. Ha puc. 1). EC/IM XOTUM CyMMMPOBaTL NepeKpbl-
BaloLLecsl BETBM CKOPOCTEN, TO B oOpMy/ie BPEMEHU 33JeKKN HEOBX0AUMO YCTPAHWUTL BCE Y/IeHbl,
32 UCK/TI0UeHNEM BpeMeHU 3a1epXKKK B MyHKTe celicMonpreMHMKa. PefyKUums oCyLLEecTBSIETCA B ABa
nprieMa: cHaYasia BbIMMAETCS YacTb, 3aBMCSLLAA OT x, & 3aTeM PasfesisioTcs Be/IMUMHBI tosp U tog.
MepBblii Npyem o3HaYaeT orpefeneHVe CKOPOCTU, A/ Yero npegsiaraeTcs cnoco6, nNofo6HbI cno-
coby nepe6poca cKopocTeld, athheKTUBHO MPUMEHSIOLLEMYCS B METOfe OTPabKeHHbIX BOJH, a Anst
pasfeneHyst BENMUMH tosp U tog NPeA/IaraeTcsl UCMOo/b30BaTh O0THYACTM rPadiueckmii 1 0TYacTu Bbl-
UMCUTESbHBIA CNOCO6bI.

Mpepnaraemblii MeToA MO3BOISIET UCMO/b30BaTL BCTPEUHbIE CUCTEMbI HAb/I0AeHWIA. Vicronb-
30BaHWe HaKarn/wBaHys NPUBOAMUT K 3HAUUTESTbHOMY Y/TyULLEHIO OTHOLLEHWS! CUTHA/LLYM He TO/bKO
npy NepBbIX BCTYM/IEHUSIX, HO U B AManasoHe Nnoc/eAyoLmx BCTYIeHNIA.



