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Mail Tabakalarda Vasati Sismik
Suratlerin Tayini'

Hilmi E. Sagoci®

OZET. — Sismik prospeksiyonda, vasati siiratleri tayin etmek icin kullanilan
usuller hulasatan gozden gecirilmektedir. Kuyu atislar1 sayesinde elde edilen veriler-
in mevcut olmadig: bakir sahalarda, sismogramlar: kullanmak suretiyle vasati stiratler
tayin edilirken tabakalarin meyli neticesi olan zaman farklarinin nazari itibara alinmas:
sayan1 arzudur. Iki tarafli asimetrik bir jeofon dizisi kullan-mak suretiyle bu gayenin

tahakkuk ettirebilecegi gosterilmektedir.

Refleksiyon 1sinlari genel olarak miinhanilerden miirekkep yollar
takibederler. Lakin sismik istiksafta, 151nlarin degismez vasati bir siirate tek-
abiil eden diiz ¢izgilerden ibaret olduklarini farzetmek tamamen tatmin ed-
ici neticeler vermektedir. Derinlikleri ve ofset mesafelerinin hesap edilmesi
vasati vayilma siiratleri hakkinda maltimat mevcut olmasina baglhdir Hali
hazirda siirat tayinlerinde en ¢ok kullanilan usul, kuyu atiglar1 usuliidiir.
Kuyu atislart neticesinde elde edilmis siirat verileri mevcut olmadig: tak-
dirde, reflesyon donelerinin tefsirinde bazan tashih edilmis zaman makta-
lar1 ve haritalar: kullanilir. Fakat Phil. P. Gaby (journal of geophysics) te bu
usuliin muhatap kalacagy itirazlar1 belirtmis, bir antiklinalin zaman mak-
tainda bir senklinal seklinde tebariiz edebilecegini gosteren olaganiistii bir
misal vermis (1) ve bu usul yerine, sakuli zaman ve ufki ofset mesafesinden
miitesekkil ve siirat hatalaria kars1 hassas olmayan bir koordinat sistemi
kullanmag: teklif etmistir Bu halde bile ofset mesafesini hesab edebilmek
i¢in, vasati stirat hakkinda takribi fakat makul bir fikre sahip olmak gerektir.

Jeolojik maktain kati surette tesbit edilmis bulundugu bazi hallerde
refleksyonlar ile tekabiil ettikleri formasyonlar arasinda bir korelasyon
yapilabilir. Bunun kabil oldugu yerlerde fasila siiratleri, refleksyon zaman
fasilalar1 ile derinlik farklari sayesinde, vasati stiratler ise refleksyon zaman-
lar1 ile refleksyon seviyelerinin derinlikleri sayesinde hesabedilir.

Cok zamanlar, bagka hig bir usule bas vurulamayan yerlerde, siirat—

(1) Subat 1947, Ankara toplantisinda okunmustur.

(2) M. T. A. Enstitiisiinden.
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derinlik fonksyonu hakkindaki maltimati sadece sismogramlar vasitasiyle
¢ikarmak mecburiyeti hasil olur.

Siirat hakkinda refraksyon profilleri sayesinde toplanmos méaltmat kafi
derecede sihhatli degildir ve bu profiller hemen hig bir zaman sadece ve
sadece siirat tayin etmek gayesiyle alinmazlar.

Refleksyon c¢aligmalarinda, tabakalarin ufki olduklarini farzeder-
sek, yayllma zamani, vasati siirat, jeofon mesafesi ve derinlik arasindaki
miinasebet (1) numarali denklemle gosterilir:

1
C= s (+42?) (1)

Su halde her refleksyon igin, yayilma zamanin murabbaini, jeofon
mesafesi murabbainin tébii olarak gostermek suretiyle elde edilen diiz
¢izgininin meyli 1/v* in1 verecektir. Boylece, sismogram tizerinde kafi dere-
cede refleksyonlar varsa bir stirat derinlik fonksyonu tesbit etmek kabildir.

Bu usuliin tatbikinde kargilagilan baslica giigliikler, evvela t* - X2 ¢izgis-
inin tesbitinde kullanilan zaman farklarinin ¢ok kiiciik olmasi ve sonra re-
fleksyon tabakalarinin meylinin nazari itibare alinmamis olmasidir. Eger
meyiller kiigiikse, meyil asag1 ve meyil yukar: atislar yapmak ve her iki hal-
de elde edilen siiratlerin aritmetik vasatisini almak suretiyle bahsi gecen
son gii¢litk ortadan kaldirilabilir. Meyiller bityiik oldugu takdirde buna im-
kan yoktur.

Konusmamizin esas mevzuunu teskil eden biraz degisik bir metotda,
vasati siirat tayinlerinde meyillerin tesirleri nazan itibara alinmaktadir.
Baslangi¢ noktas: Gutenberg (2) tarafindan meyil hesaplarinda kullanilan
herkezce bilinen bir denklemdir:

V2AT Tm=1(Am-A)
Bu ifadedeki harflerin manasi asagida siralanmigtir:
V= Vasati stirat

AT = Sekil 1 de d1 ve d2 deki jeofonlara varincaya kadar gegen yayil-

ma zamanlar1 arasindaki tefaziil
Tm = Refleksiyon yayilma zamanlarinin vasatisi
I = Jeofonlar arasindaki mesafe

/A\™ = Atis noktasi ile jeofonlar arasindaki vasati mesafe.
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(Sekil-1) (Fig.-1)

A\'= Atis noktast ile, refleksyon aynasindaki hayalinin sakuli projeksyonu
arasindaki mesafe.

Simdi, iki tarafli asimetrik bir jeofon dizisi kullanmak ve (2) numarali
denklemi atis noktasinin her iki tarafinda segecegimiz birer cift jeofona iki
defa tatbik etmek suretiyle,

V2AT Tml +1 A'=1 Aml

V2AT, Tm,+1, A'=1, Am, (3)
denklemlerini elde ederiz. |, A T1 Tm1 =1 T, A\ Tm2 oldugu takdirde -
ki bu A" sifir olmadigi ve jeofon dizisinin asimetrik bulundugu miiddetge
daima varittir.
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denklemleri sayesinde tayin edilir. V ile A" bir defa tesbit edilince sekil : 1
de h ile gosterilen derinlik ve A ile gosterilen meyil herkezce bilinen denk-
lemler sayesinde bulunur, yani

To =2hve A\'=2h sin A =V To sin A\

burada To atig noktasi jeofonuna tekabiil eden zamandir. Burada, vasati
stiratin (4) numarali denklem sayesinde ne derece sihhatle tayin edilebile-
ceginin analitik bir miinakagasini yapmiyacagiz. Genel olarak denilebilir ki
bu tayinlerin sihhati refleksiyon ve A T zamanlarina tabidir, tesadiif edilen
zaman farklari ne kadar biiyiik olursa V de o kadar sihhatle hesaplanmais
olur. Su halde, daha biiytik A\ T zamanlar gosteren biiyiik yatimlarin mev-
cut bulundugu yerlerde daha iyi neticeler alinmasi beklenebilir. Ve esasen
bahis mevzuu ettigimiz usul tamamen bu vaziyetlerde kullamlmak gayesiy-
le diigiintilmiigtiir. Daha biyiik A T kiymetlerini temin edecek bagka bir
faktor de tabii I' kemiyetina daha biiyiik kiymetler vermektir, bu ise pratik
bakimdan miimkiin oldugu kadar uzun bir jeofon dizisi kullanmak ve di-
zinin her iki tarafindaki ilk ve son jeofonlar1 kullanmakla temin edilebilir.

Hiilasa edersek, sismogramlar iizerinde kafi derecede refleksiyonlar
bulundugu takdirde, Gutenberg'in yatim denklemini, mutat kullanma sek-
linden hafifce degisik bir sekilde kullanmak suretiyle, cok yalimli refleksi-
yon tabakalariin mevcut oldugu yerlerde, bir vasati siirat - derinlik fonk-
syonu tdyin etmek kabildir.
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Determination of Average Seismic Velocities
in Sloping Beds'

Hilmi E Sagoci®

ABSTRACT. — A brief summary of methods used in determining average veloci-
ties in seismic prospecting is given. In virgin territory, where there are no well shot data
available, it is desirable that in using reflection records to determine average velocities,
step-outs due to the effect of the dip, be taken into consideration. It is shown that by

taking an asymmetrical split spread this end ean theoretieally be achieved.

Reflection rays follow in general curved paths. However, in seismic
exploration the assumption of straight rays, which correspond to uniform
average velocities, gives quite satisfactory results. Depth and offset distance
calculations depend on a knowledge of average velocities of propagation.

At present, well shooting is the method most widely used in velocity
determinations. In the absence of well shot velocity data, corrected time
sections and maps are sometimes used in the interpretation of reflection
data. However, Phil. P. Gaby points out the objections to such a procedure
and gives an extreme example where an anticline is represented in a time
section as a syncline (1). He proposes instead to use a system of coordi-
nates, namely vertical time and horizontal offset distance, which would
be insensitive to velocity errors. But even then, to calculate the offset, an
approximate but reasonable knowledge of the average velocity is required.

In certain instances where the geologic section is known rather certa-
inly, reflections can be correlated with corresponding geologic formations.
When this is feasible, interval velocities may be computed with the help
of reflection time intervals and depth differences between corresponding
beds, while reflection times and depths to reflecting horizons determine
the average velocities.

Often, in the absence of any other means, it becomes necessary to se-
cure some knowledge about the velocity-depth function by the use of seis
mograms alone. Average velocity information, obtained by using refraction
profiles, are rather inaccurate and these refraction profiles are almost never

(1) Presented at the Ankara meeting, February 1947
(2) M.T.A. Enstitiisii.
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shot with the sole purpose of determining average velocities.

In reflection work, assuming horizontal beds, travel, time ave—rage ve-
locity, detector distance and depth are related through :
t? = 1/V* (X*+4Z?)
Therefore, for each refleetion, the slope of the straight Hne obtained
by plotting the square of travel time against the square of detector distan-

ce will give 1/V? . Thus, if on a seismogram there should be enough
reflections then it would be possible to determine a depth-velocity functi-
on.

The main objections to this method are that very small time differences
have to be used in order to determine the t* - x2 line, and that the slope.
of the reflecting beds has not been taken into account. When the dips are
small, by shooting both down and up dip and taking the arithmetic average
of velocities obtained in each case, the last objection can be eliminated.
However, this cannot be done for large dips.

The slightly different method proposed in this paper takes into account
the effect of the dip in determining the average velocity. The starting point
is the well known equation used by Gutenberg(2) in dip calculations (see
fig. 1).

V2ATTm=1(Am—A" (2)
The meaning of the symbols used in this expression are listed below:
A = average velocity to the reflecting bed.

T = difference in reflection times to detectors d1 and d2 (Fig.:
1), or the step-out time.

Tm = mean reflection travel time.
| = distance between detectors.
Am = Mean distance from shot point to detectors:

ANEESVANE (Fig.: 1)
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/' — distance between shot point and vertical projeetion of the image po-
int I (Fig.: 1).
Now, by using an asymmetrical split spread and applying equation (2)
to two sets of two detectors on both sides of the shot point, one obtains:
VAT Tm +1 A'=1 Am
V2AT, Tm, +1, A'=1, Am, (3)
Provided that 1, ATI Tm =1 ATz Tm,, which is true as longf as A —
o and the spread is asymmetrical, V2 and A\’ can be determined as follows:

ll Aml }1
l, Am, I, L I (Am;— Amy)

V= = (4)
ATI Tm1 11 (12 ATl Tml = 11 ATg Tma)
AT Tms o L

ATB ng ]2 Amg (]2Am2AT1Tm1 = lié‘mIAT2Tm9)
AT]. Tm1 11 (12 ATl Tm1 == 11 ATz Tma) (5)
AT, Tmy "1y

o =

Once V and A" are determined the depth h (Fig.: 1) and the dip © can
be obtained in the well known manner through the well known equations:

vIo=2h and A'=2hsing=vTosing (6) whe-
re To is the time corresponding to the shot point detector.

We shall not go into an analytical discussion of the degree of accuracy
with which v can be determined through eq. (4). In general, it can be said
that the accuracy will depend on reflection and AT times; the greater the
time differences one has to deal with, the greater will be the expected ac-
curacy of v. Therefore, for larger dips, which yield larger AT times, better
resylts would be expected, The preceding procedure is intended precisely
to be used in regions where sloping beds are present. Another factor which
may insure larger AT times is of course the use of larger values of 1, that
is the distance between geophones. Larger values for 1 can be obtained by
using as ong a spread as practically possible, and by using the extreme geo-
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phones on each of the spread.
Summing- up, given enough reflections on a seismogram than is gene-
rally done, it is possible theoreticaliy to determine an average velocity-dep-
th function in regions wehere reflecting beds represent appreciable dips.
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