MeToa oTpaKeHHbIX BOJSH.

* L‘|yBCTBl/ITeJ'IeH K rpaHmnuam Ha KOTOpbIX \
nponcxoanTt UsSMeHeHne akyCtn4ecKkoro
nMrnegaHca.

* |/|CI'IOJ'Ib3yI-OTCFI, B OCHOBHOM, nNpoaoribHble

BOJIHbI.

\_ J

. A\ \( /]

*  10’kn METPOB - UHXXEHEPHbIE 3aauM. SEDIMENT
* [lepBble knnomeTpbl — passeaka MIA. “*““"“ mumm
* 10’Kn KNNMOMETPOB — CTPYKTYpa KOpbl. O b

\ l '\.< / ;"// '
\ 1\ v
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- 3ajava pa3Bego4yHon cencmopasBeaKu.
~ » CnpoekTnpoBaTb CUCTEMY MONYYEHUS
-~ JAHHbIX.
~+ [Nony4nTb AaHHbIE.
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= paspes.
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. MHdopMaLum
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BOJTHa

Boibopka OlB
[ Mpamas

OTpaxeHHble
BOJSTHbI

offset I
(@) central
detectors shot detectors
inl 0 0 0 0 ul n inl 0 n 0 | = B
(b) ond MoBepxHOCTHas
shot detectors p
n n inl (n 0 L BOJTHA

L
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[ogorpad oTpaxkeHHOoM BOSHbI. KuHeMaTuyeckasi nonpasBka.

B cnyyae ogHoW ropnsoHTanbHOW rpaHunubl,
rogorpad oTpakeHHOW BOSHbI UMEET BUA:

F
T = 2 SR \//Z /) ri)

=)
VI —

nnn

The arrival time curve is a hyperbola

NcecnenoBaHue BpeMeH npuxoaa BOSH B YNCTOM BUE OTHOCUTCH B
celicMopasBeKe K KMHeMaTU4eckon 3aaadve.

Fonorpacb ang HaKNOHHON rpaHuLbl Applied Geophysics — Waves and rays - I1I




Boibopka OCT (ocyLiecteneHue) W

Sequentially move shot and
receiver string across the surface

-

o

KpaTHocTb — KonnyecTBo
Tpacc B Bbibopke OCT.

AN NHXEHEPHbIX paborT .
20-50-100 n 6onee an4a
HedorasoTepasBegoYHbIX

\

TunnYyHble 3Ha4YeHUs — OKoso 6

-

/
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1

1
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(e}
=
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MpnHUMN cynepno3vuuun, NpMHUUN

B3aMUMHOCTU
A v
* [lpuHUMN cynepnosnumm: npu S
MHTEpMEepeHLnN X 7

(HanoXeHnn) HeCKONbKNX
YNPYrnx BosH, Ux
pacnpocTpaHeHne MOXHO
n3yyartb He3aBNUCUMO ON4
Ka>XOoW BOSHbI.

* [lpyHUMN B3aUMHOCTU: ecnun
NOMEHATb MECTaMUN NCTOYHMK
N MPUEMHUK, TO BPEMS
npuxoga curHana, popma
ny4yen n xapakrtep konebdbaHmn
4yacTuL, reosiorm4eckon cpeaol
HE N3MEHSATCS.




Common midpoint gathers

To enhance signal to noise we use more than one shot

sources geophones
Reflections from the same R T — R o OO .
point are recorded by W
different source-station pairs

(a)
= Common depth point gather

For dipping layers the reflection
points are “smeared” (b)

= Common midpoint gather

Fig. 4.16 (a) Ray paths of reflections belonging 1o the commen-depth point (CDP) which is
located below the shot-geophone common midpeint, O The arrangement shown gives a six-
fold coverage of the subsurface reflection point, R, on a horizontal reflector. (b) For a dipping
reflector, the reflection point is not vertically below the shot-geophone midpoint, O.
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Normal move out (NMO) correction

reflection
The reflection traveltime equation hyperbolae
predicts a hyperbolic shape to become fatter
reflections in a CMP gather. The ~ with depth o
hyperbolae become fatter/flatter (i.e. velocity) .-
with increasing velocity gy Y
A, O .
X = 22 3%
=l + P
' 4 g
1 F 18
We want to subtract the NMO 16
correction from the common depth -
point gather 5 ‘
X 1.2 ST
2 TOVI s
0.8 ([l v"f
But for that we need velocity... 08 | "»{1
0.4 J ks
02" | ;
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[ogorpad oTpakeHHOW BOSIHbI

Ons CNOUCToWn cpeapbl.
Korga pacctaHoBKa npnbopoB KopoTkasa To

J
r
-
J

v

'I"l/_.«_L N-\’——‘\rﬁ
v u,ﬁp—-l/] | — SN ‘1'
"lfl.{u__-_\‘ "l.—-——n--r-{
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V v
_"___ e ? -t — —
E J
rb. N [ 1
‘qum_' ('-—H-.'\/——-——i
‘ e I L et &
{ e —
Jl
\—

rogorpad oTpakeHHOW BOSHbI BCE eLle
aBnseTcs rmunepbonoun.

f *—]‘ln“"_‘lfl’m-‘ ".vr'ﬂ“"" “—‘;l

o f—
l
J
fomy
\
~
>
n-u—.—,-»—.,-._’ v
v |
“_WI J
v
v/w
v
e T |

[ |
Fms . n <

£
0,
3

where :

T 2 k=1
O n
.1\ _1 {
Z k=2 v,
I ‘Z\ \
I_vl Y <
ms.n k=3 Vv,
§ I
1\':1 “., C
Fig. 4.14 Schematic diagram showing the production of a reflection seismogram. The 12-
2 i trace record shows the time sequence of the reflected pulses from reflecting horizons, A, B,
Determ”’]e Ve|OC|ty Structu e and C. T, T,,. and T, are the twoway vertical travel-times from points R R, and R,
£ respﬁmrlv brluw (ln shotpoint, The significance of first arrivals is discussed in Section
one layer at a time 445,
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Collecting

Common midpoint gathers

o
b o

e

- -

Sequentially move shot and
receiver string across the surface

o
X

Fold

e The number of times the same
point on a reflector is sampled

___;g<

g 5
p »

o

<

»

3

e In this case: 6 fold
(though 12 geophones)

:

e

¢ : &
Typical values \/
e 1-6 engineering studies ST, | ol ANy

¢ 50, 100 or even 1000 in
hydrocarbon exploration

oo

-

§§“<
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ObobLeHHOE n3obpaxeHne
cucTemMbl HAbNOEeHUN

|
l

As Y ol by vywevwwwes y (:)

(Shot) (Midpoint)

(a) (Offset) (b)



o L G T R f}%%}%}f _,
4

Trace Numbar

o3
4
oS
06
0s

() owny

Stacking

[

TNUBTITRETRIT

ammwmnm.wﬁﬂ?mvma ,;,m»,.

T
(@)
O
W
<
Q
o)
O
0
m




38 3
KnHemaTtunyeckue NnonpaBKW. 3.6 i
° W
b
34 =~tt:.,,s.,,;~?.

reflection S
The reflection traveltime equation hyperbolae
predicts a hyperbolic shape to become fatter
reflections in a CMP gather. The ~ with depth i
hyperbolae become fatter/flatter (i.e. velocity) '
with increasing velocity = 24 5
_\‘: E 22 &
x = 2.0
Il E 1.8 :\'jr
We want to subtract the NMO 1.6
correction from the common depth e
point gather . "
AT ‘C~ 1.2
NMO ™
27" L/'_ 1.0
0.8
But for that we need velocity... 0.6 [{1fHif
0.4 ([
! Il }a

02"
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Stacking velocity

In order to stack the waveforms we AT\:-\ 0=

need to know the velocity. We find the g 21
velocity by trial and error:

e For each velacity we calculate the hyperbolae and stack the waveforms
» The correct velocity will stack the reflections on top of one another
» So, we choose the velocity which produces the most power in the stack

V, causes the

waveforms to d . o :
stack on top of T b powen
one another | i o
XN omy % g %y M X vty
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Conventional velocity analysis.....

Km

_ a‘\...n., .\
AL L
J : y , ({l ., 1 { ._ﬁ ﬁ..,f: ¥ i \.._:
&, b | _&. I E“.‘...i_...‘_: il ki

Input CMP data



Conventional velocity analysis.....

Km

/

il

il
)

Input CMP data



Conventional velocity analysis.....

2.5 3.5
Km/s

1.5

5

Km

Km

e

Wty

:‘
.Z&{ b T

\\\

7p)

v/ .b.\_

1\\ el

Input CMP data

pick corresponding

scan along
trajectories

velocity
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Multiple layers

f
; i
Interval velocity 7 — Z; :
! [i 13 v;
Average velocity J/'— 7 r i ? =
I . v,
. 5
e | 1
Root-mean- /Z V't I V‘
square velocity e | 2 -
\ Zf : v
Two-way traveltime of ray reflected . \/ x* +4z°
off the nt" interface at a depth z Ly = v
RMS

The interval velocity of layer n
determined from the rms velocities
and the two-way traveltimes to the
nth and n-1t reflectors

2

I[ (I YRMS.N ‘)2 f” . (IIRM.S'_N—I ) ,n -1

\! fn o rn—l

Dix equation

The interval velocity can be determined from the

rms velocities layer by layer starting at the top
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MMnynbcHasa xapakTepucTuka cpeapbl,

cBepTKa.
(A
( \ Source wavale! Rafigctivity sones Output saries
Cencmunyeckum BOSHb ‘
YyBCTBUTENbHbI K ckadkam 2
nmnegaHca, Kotopble MoryT ObiTb - % § % =
NnpeacTaBneHbl B Buage | . " =
MMMNYTbCHOM XapaKkTepucTukn | £ e :
v
\cpe,u,bl(R). ) E
7 Geologic Awttection |- P 0n W eoyes
I Jl::;]uq""- tw"-(‘:t;l Prumed o, arvt\- - Time
W - CUrHan OT WCTOYHMKa, TOorga ’ e [ -y
3 / /
cemcmorpamma S 3anuMcaHHass  Ha | ;

NOBEPXHOCTN MOXET ObITb npeacrasrieHa

KaK:
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=W*R
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Fig. & 18 Schematic of & mode] peological secnon, 3 neflecr
ssmagram, The last s produced by convelving the snpul warede? with e peflection

at each istrriace desived
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CraTtnyeckue NnonpaBKW.

Correct for surface topography
and the weathered surface layer

Surface topography

Time correction to each trace:

t, =(E,—-E, )V

Source depth

f.s = (Es B E(‘/ )/ I'

total correction
I‘p = I‘_S_ +1,

Shift each trace by this amount
to line up deeper reflectors

Tera

— S RO . o

Asaumed Wt | Asus~ed
ocasen Feoctore

locaton
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CraTtnyeckue NnonpaBKW.

An example (a)

Pre-correction

(b)

Post-correction

Fig. 4.17 Effect of applying residual static corrections on CDP reflection data recorded at a
waste-dump site in Zealand, Denmark. Time section (a) before application of statics and (b)
after application of statics. (After Ploug, 1991
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Fresnel Zone

Tells us about the horizontal resolution
on the surface of a reflector

First Fresnel Zone

The area of a reflector that returns energy to
the receiver within half a cycle of the first
reflection

The width of the first Fresnel zone, w:

2

(a’+/°j =i +[wj
4 2

5 il
w’ =2dA +

If an interface is smaller than the first Fresnel
zone it appears as an point diffractor, if it is
larger it appears as an interface

Example:

(a)

Source
and
Recelvar
£3

NG

°cr° fa it Al ; ol
0 C €«— Firs -——a-‘? oo
Ot;} Q’W& Fresnel Zone S Q 0 ]

30 Hz signal, 2 km depth where o = 3 km/s then A = 0.1 km and the width of the

first Fresnel zone is 0.63 km
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Resolution of structure

‘;‘iu}ia -""'g.v-:—:‘ v v
—
5 Lokl A <

T
-

When you have been mapping faults in the field what
were the vertical offsets?
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3D surveys

Collect data on a grid rather
than along a line

Produces a

data cube

rather than
a line
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