Mail Tabakalarda "Vasati Sismik\
Siiratlerin TAyint'

Hilmi F. Sagocf

OZET« — Sismik prospeksiyonda” vasati siiratleri'tayin etmek icin . kullanr*
lan usuller huldsatan g-ozden gecirilmektedir. - Kuyu atiglar1 kafesinde elde edilen
verilerin mevcut olmadigr bakir sahalarda, sismojjramlart kullanmak suretiyle va-
satl sliratler tdyin edilirken tabakalarin meyi! netieesi olan zaman farklarinin na-
zar1 itibara almmasi sayami arzudur, tki tarafli- asimetrik bir jeofon dizisi kullan«
mafe suretiyle buSgayenin”“tahakkuk”ettirebilecegi crosterilmekiodir.

Refleksiyon ismlan genel olarak miinhanilerden mirekkep
yollar takibederier. Lakin sismik istiksafta, 1sinlarin degismez
vasati bir surate tekabul eden duz cizgilerden ibaret olduklarim
faraetmek tamamen tatmin edici neticeler vermektedir, Derinlikleri
ve ofset mesafelerinin hesap edilmesi ¥asati yaylma suratleri
hakkinda maliimat mevcut' olmasina baghdir Haii hazirda surat
tayinlerinde em c¢ok kullamlan wusul kuyu atislart  usuludur«
Kuyu atiglarn neticesinde elde edilmis strat” Yenleri mevcot olma-
dig1 takdirde, refiesyoe donelerinin.tefsirinde bazan tashih eHKlmis
zaman maktalar1 ve haritalan kullamhr. Fakat Phil. P» Gaby
Cpurdal of geophysics) te bn usulin muhatap kalacag: itirazlari
belirtmis, bir antiklinalin zaman maktainda bir senklfnal seklinde
teberiz edebilecegini gosteren olaganustu bir misal verops fi)
ve bu usul yerine, sakuli zaman ¥e ufki ofset mesafesinden mii-
tesekkil ¥e surat hatalarma kaist hasses olmayan Mr koordinat
sistemi kullanmagi teklif etmistir BE haide bile ofset mesafesini
hesabedeMImek icin, ¥asati surat hakkinda takribi fakat makal
bir fikre sahip olmak gerektir,

Jeolojik maktam kafi suretle tesbit edilmis bulundugu bazi-
tlilerde refleksyonlar ila tekabiil ettikleri formasyonlar arasinda
bir korelasyon yapilabilir« Bunun kabil oldugu yerlerde fasila
siicatleri,. refleksyonsizaman.fasdalan.ile . derigilk, farklany sayesinde,
vasafii suratiler ise reflelissyrorn zzmanlan ile nefiieksyoe gevijyeli®
fmim derinlikleri sayesindie tiesabedllir,

{1} Subat 1947, Ankara toplantisinda okunmustur®
() M*"T* li BméiUiéuMEéih
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Cokzamanlar, baska hi¢ bir usule bas vurulamayan yerlerde,
surat—derinlik fonksyonu hakkindaki malumati sadece sismogram-
lar vasiiaslyle c¢ikarmak mecburiyeti hasil olur.

Surat hakkinda refraksyon profilleri sayesinde toplanmis ma-
limat kafi derecede sihhatli degildir ve bu profiller hemen hic
Mr zaman sadece vesadece surat tayin etmek gayesiyle alinmazlar*

Refleksyon c¢ahsmalarmda, tabakalarin ufki olduklarini farze-
dersek, yayilma zamam” vasati surat, jeofon mesafesi ve derinlik
arasindaki munasebet (1) numarali denklemle gosterilir:

20 -1- 2, ,,2, (i)

Su halde her refleksyoe i¢in, yayillma zamanin murabbaini,
Jeofon mesafesi murabbamun tabii olarak gostermek suretiyle el-
de edilen diuz cizgininin meyli -\ m verecek tir. Bdylece, sismo-

gram uzerinde kafi derecede refleksyonlar varsa bir siirat derinlik
foitkksyoEU tesbit etmek kabildir.

Bu usuliin tatbikinde Kkarsilasilan baslica guglikler, evvela
t* « Xcizgisinin tesbitiode kullanilan zaman farklarinin cok kiigiik
olmasi Ye sonra refleksyon tabakalarmm meylinin nazar itibare
allmmamis olmasidir. Eger meyiller kiuictikse, meyil asagi ve meyil
yukari atiglar yapmak ¥e her iki halde elde edilen stiratlerin arit-
metik vasatisini almak suretiyle bahsi gecen son giicliikk ortadan
kaldirilabilir. Meyiller biylik oldugu takdirde buna imkéan yoktur.

Konusmamizin esas mevzuunu teskil eden biraz degisik bir
metotda, vasati stirat tdyinlerinde meyillerin tesirleri nazari itibara
alinmaktadir. Baslangic noktast Gutenberg’ ( 2 ) tarafindan meyil
hesaplarinda’'kullanilan herkezce bilinen bir denklemdir;

VATIim=1 (Am - A"
Bu ifadedeki harflerin manasi asagida siralanmistir s

V = Vasati surat

AT =5 Sekil 1 de 4, ve d, deki jeofonlara varincaya kadar
gecen yayllma zamanlan arasindaki tefazil
Tm — Refleksyon yayilma zamanlarinin vasatisi
I =s Jeofoelar arasindaki mesafe

/\m =A Atis noktasi ile jeof onlar arasindaki Yasati mes if e*
Sekil des
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(Sekil-1) (Fig.-1)

A’ = Abtis noktasi ile, refleksyon aynasindaki hayalinin sakuli
projeksyonu arasindaki mesafe.
Simdi, iki tarafli asimetrik bir jeofon dizisi kullanmak ve (2)
numarali denklemi atig noktasimin her iki tarafinda sececegimiz
birer ¢ift jeofona iki defa tatbik etmek suretiyle,

A ' .

<' VEA T Tmy + 1 A’z"-*li Ay o

{ VAT, Tm2+12A —-12 A, S (3)
denklemlerini elde ederiz. I, AT, Tmy==I, Tp:A Tm, oldugu tak-

dirde - ki bu A’ in sifir olmadig1 vé jeofon dizisinin asimetrik
bulundugu miiddetge daima varittir.
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lifli #m i /\ "
v ve,c¢c*

AT, Tm, I_,
(5)

Alj TiBi % Anij
I AT, Tm, 1| Am, ! (ISAff*ATImt — ItArajAT"mg)

A AT, Tnil 4 (k ATjTcil! — AT Tnia)
AT, Tm.,%&

denklemleri sayesinde tdyin edilir, ¥ ile /\" bir defa tesbit edilin-
ce sekil # 1 de h ile gosterilen derinlik ve e ile gosterilen meyil
herkezce bilinen denklemler sayesinde bulunur, yani

Y To « 2h ve A’ = 2h sine « V To @ (6)

burada To atis noktasi jeofonuna tekabiil eden zamandir. Burada»
vasati siiratin (4) numarali denklem sayesinde ne derece sihhatle
tdyin edilebileceginin analitik bir munakasasini yapmiyacagiz. Ge-
nel olarak denilebilir ki bu tayinlerin sihhati reieksiyo3 ve /\ T
zamanlanna tabidir, tesadif edilen laman farklar1 ne kadar biyik
olursa V de o kadar sihhatle hesaplanmis olun Su halde, daha
bliyiik A T zamanlar1t gosteren buyiik yatimlarin mevcut bulun-
dugn yarlerde daha iyi neticeler alinmasi beklenebilir« Ve esasen
bahis mevzuu ettigimiz usul tamamen bu vaziyetlerde kullanilmak
gayesiyle dusuntlmustir* Daha biyik A T kiymetlerini temin
edecek basgka bir faktor cie tabii F kemlyetlna dafea blyik kiy-
metler sermektir, bu ise pratik bakimdan mimkin oldugu kadar
uzun bir jeofon dizisi kullanmak ¥e dhimmin her iki tarafindaki Ilk
ve SUQ© jeofonlari kalianmakla temin edilebilir.

Hulasa edersek, sismogramlar ilerinde kafi derecede refleks
siy onlar buluftdug'u takdirde® Gutenberg'in yatim denkleml»i, mu-
tat kulianma seklinden hafifce degisik bir sekilde kullanmak wun**

jetiylcp ¢ok yaumii refleksiyon-tabakalarinin mevcut-oldugu-yer«
lerde™ bir vasati suirat * derinlik fonksyonu tiyin etmek kabildir.



Determination of Average Seismic ¥eloeities
in Sloping Beis'

Hilmi F, Sagoct’

ABSTRACT» — A brief summary of methods used in determining average
velocities in seismic prospecting is given« In virgin territory™ where there are BO
well shot data available™ it is desirable that la using refleetion records to deter”
mine average ¥Yelocities, step*outs due to the effect of the dip, be taken into
TOUsideratiom® It is shown that by -taking an asymmetrical split ipread this end
mn theoretically be achieved«.

Reflection rajs follow In general ctir¥ed paths. However, In
seismic exploration the assumption of straight rays, which corr®
espottd 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 ¥elocity 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 syocllne (1), He proposes instead to use a system of coordi*
nates, namely vertical time and horizontal offset distance, which
would be Ingensitl¥e to velocity errors. But even then, to cal-
culate the offset, an approximate but reasonable knowledge of the
average velocity is required.

In certain instances where the geologic section is known
rather certainly, reflections can be correlated with corresponding
geologic formations. When this is feasible, internal 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 nverag§
velocities«

Often, in the absence of any other means, it becomes nee©”
isary to secure some knowledge about the velocity - depth funo

(I) Presented at the Ankara meeting Fedruary 1947
{$) A1 U i Enstitiisii*
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tion by .the use of seismograms alone« Average velocity informa-
tion, obtained by using' refraction profiles, are rather inaccurate
and these refraction profiles are almost ne¥er shot with the sole
purpose of determining average ¥Y©!ocities.

In reflection work, assuming horizontal beds,travel, time a¥e-
rage velocity, detector distance and depth are related through :

2 12, ,,2, (1)

Therefore, for each reflection, the slope of the straight Iline
obtained by plotting- the square of tra¥el time ag-ainst the square

of detector distance will give ~j .Thus, if on a seistnogram

there shouM be enoug-h reflections then it would be possible to
determine a depth » velocity function.

The main objections to this method are that very small time
differences have to be used in order to determine the t° * X 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 averag-e of velocities obtained
In each case, the last objection can be eliminated. However, this

cannot be done for larg-e 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).

V, T Tm =1 (Am - A") (2)

The meaning* of the symbols wused in this expression are
listed below t

V » average velocity to the reflecting bed.

T = different in reflection times to detectors d| and d§

(Figr, ; 1), or th** step-out time.

Tm = mean reflection eravei time.

1

= disfmee beiwesn detectors.
Nin ™ Mkam distamce fiom shot point to detectors f

iif i)
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£/ -.. cli"Laiice between shot point and vertical projection
of the image point 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 polar, one obtains:

Ve« ATj TTOI H- i A* = I* Ami
VAT, Tm, + i,A"' -,-1, Am, 3)
Provided that /; AT,. Tm, = \ AT, Tra,, which is true as long as

~ — o and the spread is asymmetrical, V’ and A* °*" ~° deter-
mined as follows?
1* Am«. I, i'a C*™i— ™»"1.)
AT, Tm! I, (k AT, Tm» - = k AT, Tm,)
| AT, Tm, &

ATj T nit j Ami
. AT, Tm, I Am, (laAmaATiTrax — ijjJAmiATgTmg)

~~j AT, Tni! ] (I,ATj Tm, — [, AT, Tm,) (5)
"AT, Tm, 1,

Once V and A' "¢ determined the depth h (Fig*,: 1) and the
dip 0 can be obtained in the well known manner throug-h the
well known equations!

¥To~2h and A'=2h sin , = vIo sin , (6)
where To is the time corresponding- to the shot point detector.

We shall not go into an analytical discussion ©f 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
a»d /s"Ttimes; the greater the time différences one has to deal with,
the greater will be the expected accuracy of v. Therefore™ for
larger dips, which vyield larger AJT times, better results would
be «pected, The preceding procedure is iptended precisely to
be n&fid in regions where sloping- beds are present Another
factor which may insure larger /sJ7T times is of course the use
of larger ¥alnes of 1, that is the distance between geophones»
Larger values for 1 can be obtained by usmg* as long a spreaq
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as practically possible® and by using the extreme geophones on
each of the spread, . .-

Summing® up, given enough reflections on a stismogram
than Is generally done, it.is possible theoretically to determine
an average veloelty-depth function in regions wehere reflecting
beds represent appreciable clips.
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